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Introduction

Today more than one billion adults globally areied to be overweight, at least 300 million
obese and the increase in the prevalence of olibsityst decades has been so large that it
has been termed an epidemic (WHO, 2003). Furtherntioe prevalence of obesity and diet
related illnesses have a social gradient as tkeam inverse relation between income and
education on one side and obesity and diet relltexdses on the other (Brannum-Hansen et
al., 2004; Lynch et al., 2006). The same socialligra is found in dietary patterns (Worsley,
2003, Groth et al., 2001). Diet composition is fdua influence the prevalence of obesity
(Swinburn et al., 2004; Binkley et al., 2000; Premtand Jebb, 2003; WHO, 2007) as well as
the link between obesity and chronic conditionshsag cardiovascular diseases, some types
of cancer, diabetes and osteoporosis are wellledtatl (see e.g. US Department of Health
and Human services, 2003; WHO, 2007). The incremebesity and diet related illnesses
poses a considerable challenge to governments agigrich as 2-6 per cent of the total
direct health care costs in several developed cesrdare caused by obesity and 10-15 per
cent of lost years of life in Europe can be attiglolito poor nutrition (WHO, 2003). In
countries with publicly financed health serviceswith privately financed health services, but
with equally distributed rates of payment for evmrgy, this means that the unhealthy eating
or lack of exercise of one citizen may impose ecoicdurdens, externalities, on other
citizens due to increased health care costs. Ghissinportant from a health and welfare
economic perspective, but also from a social petspge For the individual, multiple studies
have shown that obesity affects personal and wgnietations, earnings and wages in a
negative and statistically significant way (see elarper, 2000; Cawley, 2004).

Basically the cause of obesity and diet style eglalinesses seems rather simple — too much
energy taken in through foods and drinks, toceliéthergy spent in exercise and the excess
stored as adipose tissue. However, the underlyateychinants of this energy imbalance are
very complex and are the subject of research inymaa@as ranging from genetics over
psychology and sociology to economics. The incr@asalorie consumption has been
addressed to among other things an increasing ogstgn of convenience and fast food
(Chou et al., 2004; French et al., 2000; SchwartzBrownell, 2005), increasing work hours
by women (Scholder, 2007; Bowers D.E., 2000; Anaier2003), increasing portion sizes in
both pre-packaged food and in restaurants anddadtoutlets (French et al., 2001; Wansink
B., 2004) and massive advertising for unhealthyfo@-rench et al., 2001; Haddad, 2003). At

the same time large shifts towards less physiciipanding work, increasing use of



automated transport and technology at home and passve leisure pursuits resulting in a
more sedentary lifestyle have been observed wodieh\(ivHO, 2003; Haddad, 2003; Cutler
et al., 2003). Most of these changes can indirdlyelated to technological developments
that have reduced the economic incentive for atmedllance between food intake and
physical activity by lowering the costs of acquiricalories and increasing the costs of
expending these calories (Philipson et2004; Lakdawalla et al., 2005). Furthermore, the
industrial production of food has eased a changheits from vegetables and fibres towards
more convenience foods and prepared fast food mnaétilsa higher content of saturated fats
and sugar. (Haddad, 2003; WHO, 2003; Cutler e2aD3).

The most widely used instrument to counteract hadtion and obesity has been information
campaigns and labelling and the effects of thesimoat demand are well established (see e.g.
Kim and Chern, 1999; Rickertsen et @D03; Teisl et al., 2001; Guthrie et al., 1995¢rev
though low educated and low income consumers tesgtand differently to these
information campaigns. The reason for this soaiatlgent is less well explained. Other
suggested, but less widely used measures includecénple tighter rules for advertising of
unhealthy foods, promotion of healthier eatingchio®ls and exercise on prescription
(Finkelstein et al., 2004/HO, 2007). A range of incentive-based economitrumsents to
adjust dietary and exercise patterns has beenssisduDirect instruments such as a BMI tax
or BMI graduated health care costs have been steghas effective (see for example
Bhattacharya and Sood, 2007), but are not consigmktically and socially acceptable.
Prices seem to be a determinant for the choicealtty foods, especially among low income
and low educated groups (Kearney and McElhone, ;1989%ernas et al., 1997; Smed et al.,
2007). Indirect instruments such as modified fades or subsidies have therefore been
considered as a way of reducing the negative effilciw income on poor diet quality which
has been suggested in several studies (Glanz, Dg®Bjon et al., 2002; Finkelstein et al.,
2004;WHO, 2007).

Despite this large body of literature concerning éffect of information, budget and prices on
food consumption there is a lack of studies baselbrg-term individual panel data including
both economic and nutritional variables. Studieseldeon macro-data describe average
changes in food consumption, but not variabilitd @aannot address the social and
demographic differences to the same extent as rdatian The effect of changes in economic

variables on food consumption cannot be addressgrepy through studies based on cross-
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section data. The papers in this thesis are baseddataset that comprises nutritional and
economic data together with social and demograydni@bles. This allows us to infer more
directly the effects of information, prices and gats on nutrient composition and to reveal
consumer preferences for nutrients in food. Funtioee, the panel consists of a large number
of individuals followed over a long time, so chaage dietary patterns can be followed and
the economic variables can be used to explain sirtieese differences and developments.
The following section provides a summary of eacthefpapers. Paper 1 and 2 are mainly
descriptive while paper 3, 4 and 5 draw on econdh@ory. Joint for the papers is that they
consider demand for food as demand for the charsiots inherent in foods, not demand for
the food itself, i.e. they draw on the characterssinodel originally developed by Gorman
(1980) and Lancaster (1966). Some of the artidead on the composition of the whole diet,

while others take out subsets to describe thetedfgarices and information in more detail.

Paper 1 Describing dietary patterns from purchase datadaga descriptionustifies how
purchase data can be used to describe food andntutonsumption. The use of purchase
data implies that variables on nutrition are meagwogether with economic variables like
prices and expenditure. This differs from dieta@gall and other record methods which only
collect data on consumption, not on prices. Pukeldasa for approximately 2500 Danish
households in terms of quantity and value are ctdtbfrom 1997 to 2004 at a very detailed
level and these are concatenated with detailedtiontmatrices. The purchased foods are
registered by exact weight measures diminishinglpros of inaccuracy incurred by using
reference categories. Furthermore, many housebtdgisn the panel for several years giving
a unique possibility to follow changes in dietaattprns over time together with changes in
prices and expenditure. The purchase data inclwdderrange of background information
about social and demographic characteristics ointhi@idual households including height,
weight and exercise questions for each individadhe household, as well as the households’
media habits. The raw data can be weighted to septe¢he Danish population. These are

used to describe average changes in food andiontcdmposition in Danish households.

In Paper 2 Measuring the health performance of diatslealthy Eating Index (HEI) is
developed, that measures the health performandeisfin terms of compliance to multiple
health recommendations simultaneously. Consumersptiance to each of the dietary
recommendations is measured individually and theigkted together to one measure using a

Euclidian distance measure. By using the panekdatonstructed in paper 1 the HEI gives
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us the possibility of following the developmenttire health performance of diets in relation

to the official Danish dietary recommendations frb@99 to 2004. The results, mostly based
on descriptive statistics, show that only a minat jof the population fulfils all the diet
recommendations. The relationship between dietaajity and BMI is confirmed, and the
results suggest that observed differences in B&en men and women might be caused by
healthier dietary patterns among women than amasg # social gradient is identified,
revealing that shorter educated eat less healtdryltinger educated, and older households are
found to be closer to fulfil the diet recommendasighan younger households. The effect of
age is so dominating that the best educated ofdbeger households are at the same level of
health performance as the shortest educated oldlee. Low educated younger households
also seem to have smaller improvements in thethgaltformance in the studied period than
other types of households, suggesting that thekbias in dietary patterns persists. From a
political perspective the identification of thefdifences in dietary patterns between age
groups is important since the consequences ofexpéatient lifestyle in a young age are
revealed later in life. To counteract the sociakhin obesity and diet related illnesses the

young and especially the low educated young habe targeted.

In Paper 3 Valuation of healthhe differences in dietary patterns describepaper 2 is
explained by estimating differences in valuatiomeélth characteristics for various types of
households. This is done in a hedonic price frammkwdue to the fact that our data are panel
data, it is possible to remove individual heteraggnfrom the estimates of the valuation of
health, contrary to most other studies estimatedphic models. The richness of the data
furthermore allows us to control for the influerafeoreferences for non-nutritional
characteristics as e.g. taste. Consumers’ valuafibiealth is estimated in six dimensions
each representing one of the official Danish ddeommendations. Consumers are found to
have preferences for energy dense foods. A posibuelation between the valuation of
health and the valuation of the non-nutritionalrelegeristics are found indicating that
consumers either have a general high valuationgemaral low valuation of all the
characteristics in food. Under certain assumptitmesjmplicit price of the characteristics
estimated in the hedonic model can be interpredezkagenous. Using this, a positive
correlation between healthiness of diets and expeeds found, suggesting that cost might
be a barrier, for some households, to change t@aatealthier diet. Cost might especially be

a barrier for increasing the consumption of frmitl vegetables. The identification of the



relation between expenditure and a healthy diehtragd to the discussion of regulation of
consumer behaviour through the relative pricesealthy and unhealthy foods.

In Paper 4 A censored structural characteristics model folkmaie turn away from the

whole diet, and concentrate on one good from tiasés fluent milk. In the paper we
investigate preferences for fat in milk throughtracural characteristics model. Since, on
average, 5.7% of the total consumption of saturitedomes from milk, changed
consumption patterns for milk might be importantérms of health. The derivation of a
structural model for the individual household bengs closer to separating preferences and
changes in these due to e.g. information from re@asto prices and budget constraints.
Contrary to the usual hedonic models, consumeedepences over characteristics are here
allowed to vary non-systematically through an eteom placed on the structural parameters
in the utility function. The functional form useslthe quadratic form allowing the marginal
utility of characteristics to become negative.Ha empirical estimations we use the dataset
constructed in paper 1 spanning the period fron¥ 62004 and includes newspaper
information about the link between fat consumptol health. The panel structure of the
data is exploited fully since the suggested modedsestimated household by household
allowing for the maximum degree of individual heigeneity. We find that a model with
measurement errors performs better than a modelrasidom parameters on the structural
parameters and this allows us to formulate thd fimadel as a two-sided censored Tobit
model. We find that there has been a significanteBese in the consumption of fat from milk
without any essential decrease in the consumpfionil&. This decrease is generated by
systematic changes in preferences due to a ganemdland information. Higher educated
households are found to prefer milk with a lowercantent than lower educated, but for
older households this difference seems to disappesartime. This supports the findings from
paper 3, which showed that especially younger lducated households should be targeted to
improve average dietary patterns. In the discussiavhether to use price policy or
information as an instrument to decrease the copsamof fat from milk, the price policy
seems the most effective. Consumers who preferwwiitka very high fat content can be
reached both by information and prices, while comsts who prefer milk with a moderate to
high fat share are not influenced by informatioowever, they are rather price sensitive.
This is of great importance since households thaka lot of milk prefer milk with a

moderate to high fat share.



The effects of information are further exploredP@per 5 Information processing strategies
and health informatiothat addresses how information is processed angferred into
changed consumption patterns. To our knowledgeghise only micro-data study analysing
differences in consumers’ information processimgtegies. Again a subset of goods, fish, is
taken out of the dataset from paper 1 to focusheretfects of positive and negative
information on demand for fish. Information abdug positive nutritional effects of fish
applies generally to both fatty and lean fish. yr&gh are substantially more susceptible to
dioxin poisoning than lean fish since dioxin acclates in fatty tissue. Some consumers may
therefore know that it is possible to avoid thé& o dioxin poisoning by substituting away
from fatty fish and toward lean fish without cugiback on total fish consumption (a
sophisticated reaction). Other consumers may nableto make the distinction between
fatty and lean fish and may instead substitute dway all types of fish (unsophisticated
reaction). A third way of reaction may be to igndre information (ignorance). We assume
that consumers, prior to our data period, chocsteaéegy about how to react to information
concerning the health characteristics in fish. Bsisumption is based on the theoretical
literature suggesting that consumers in daily reupurchasing situations choose a simple
“rule of thumb” strategy as opposed to a more syatee information processing strategy
used in situations of great relevance to the coessinConsumers’ choice of strategy is
determined by estimating a two-stage demand sy§diDt) for each household, with new
information treated as an adjustment to the pridésfind that approximately half of the
consumers ignore the negative information, while thirds choose to ignore the positive
information. Conditional on reacting to the negatinformation, half of the consumers
choose a sophisticated strategy. Based on thaliegtimations a Probit is estimated to
identify consumer characteristics that seem impoffa the choice of strategy. We find that
especially age and education are positively cardlavith the probability of choosing a
sophisticated strategy while the volume shareisir fieavily influences the probability of
reacting to both negative and positive informatibnis way of categorising consumers
according to information strategies should be ofegal interest to policy makers and
marketing strategists, when designing and implemegHitealth campaigns or other attempts
to regulate or change food consumption behavidoe. feed to focus on the
comprehensibility frame of the target groups isami@nt since consumers only react to
information which is relevant to them and might ob® a reaction strategy which is

inexpedient in relation to general health.
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Chapter 1

Describing dietary patterns from purchase data

- A data description

Sinne Smed

AKF
(Danish Institute of Governmental Research)
Copenhagen

Abstract

This paper, which is purely descriptive, suggestsléernative method to dietary recall and
record methods to collect data on nutrient consuomppatterns. Detailed weekly purchase
data for on average 2500 Danish households in terhtgiantity and value is collected from
1997 to 2004 and combined with extensive nutritnatrices. This approach results in a
dataset at household level where the nutritionahposition of purchases are measured
together with prices and expenditure. Social anchagraphic characteristics including
height, weight and exercise questions are includegbe dataset. The purchased foods are
registered by exact weight measures diminishindpleras of inaccuracy incurred by using
references categories, as is standard in most digtcall or record studies. Furthermore
many households stay in the panel for several ygatding a unique possibility to follow
changes in dietary patterns over time, togethehwitanges in prices and expenditure. The
data, weighted to represent the Danish populatshrow an increasing share of total energy
intake from carbohydrates and a declining sharefifat over time. Seasonality is seen for
the consumption of all nutrients except fibres prmtein. An educational gradient in Body
Mass Index is found together with a positive catieh between Body Mass Index and the
degree of inactivity.
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Introduction

Whenever food and nutrient consumption patternsleseribed the most frequent method
used for data collection is one or more days dfadyerecords or recall followed by social and
demographic questions. These methods have the tadeatinat the individual's food
consumption is described in detail. There are, vaweseveral disadvantages involved in this
form of data collection. One disadvantage is tHignothe respondents base their type-of-food
and quantity-of-food measurements on comparisoh refierence categories, which will
impose measurement errors in the data. Anotheddisdage is that it is inconvenient for the
respondents to register their food intake in swetait which limits the length of the time in
which the individuals can be followed. Furthermtivese data lack economic variables (like
e.g. prices), which is a necessity to describal#terminants of food demand. The data
constructed in this study provides an alternatiethod to approximate food and nutrient
consumption patterns, which overcome some of thblpms in the methods above. In our
approach household purchase data in terms of quantil value are collected at a very
detailed level which allows us to concatenate thvikewise detailed nutrition matrices. This
implies that economic variables are measured tegstith detailed nutritional observations.
The registration of purchase data may in some &spppear less burdensome for the
individual households than food registration, whitiplies that more households are willing
to register for a longer period of time. This gitke possibility to explore the panel
dimension in the data. Furthermore, exact weigtdsuees of the purchased data are
registered. The drawbacks of our approach arentpessibility to infer who consumes what
in the household and how much of the purchased toatthe households discard which
introduces other sources of inaccuracy in the tieta the dietary record or recall methods.
The purchase data are combined with a wide rangaakground information about social
and demographic characteristics of the individuathe households, as well as attitudes and
media habits. Included in the background data lseleight and weight for the individual
household members as well as exercise data. Fighigives a summary of the data and the
ways in which they can be combined. The backgralatd, the media habits, the height and
weight and the purchase data can all be combinmeddgh a household number. The nutrition
data can be combined with purchase data througarttmeint of each type of food purchased,
implying that the specific amount of nutrients phased is known. Furthermore, through the

information on the households’ media habits itasgible to combine e.g. information from
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newspapers and television concerning health anttiooal issues with purchase data. This
gives the possibility to exploit the influence ofges and information on household dietary

choices simultaneously.

Figure 1. 1: Survey of purchase, nutrition and infomation data

Newspaper and
televisior information

[ Background data }

Height/weight
Exercist

[ Medianabis

[ Purchase data }

Nutrition matrices

The rest of this paper is structured as followti®a 1.1 gives a description of the purchase
data, how they are collected and which backgrowtd dre included. Section 1.2 gives a
description of how the data are concatenated withtion matrices to reflect household
purchases of nutrients. Section 1.3 gives a briehwew of how the data can be used to
describe changes in nutrient and food consumptiddeinmark. Section 1.4 is a description of
the height, weight and exercise data. For likewlisiiled, but differently focused
descriptions of the dataset, see Smed (2002) oesed (2006).

1.1Purchase data

Technical details

The purchase data are provided by GfK Denmark, lwimaintains, among other activities, a
consumer panel. Households in the panel reporhpases of foods and other staples in terms
of quantity, price and other product charactesstithe diary is filled in by the diary keeper
and is sent to GfK on a weekly basis. In principle diary is filled in immediately after each
shopping trip. The diaries were filled in by ha@iK controls that the diaries are correctly
completed and the diaries are controlled for coescy. Additionally, the households
complete an annual questionnaire on their backgroumeluding social and demographic
characteristics (family size, age, number of cleitgrievel of education, region, income etc.),
12



weight, height and media habits (e.g. preferred newspapers agdzimes and frequency of
reading) and several attitude questions. The paectata and the background data are
described in more detail below. The columns in Fegui2 show the monthly number of
households handing in diaries. In 2003 the numbhloboseholds increased considerably. For
market analyse purposes GfK weigh the househoidsiake sure that the panel are in
agreement with the social and demographic compositf the Danish population. From 1997
to 2000 the panel is weighted by doubling the perémce of some of the underrepresented
types of households. From 2001 and onwards morsdgimlds than needed are recruited to
the panel and each household is multiplied withimlmer around 1 to obtain the right
composition of the panel. One household may e.ggw@98 in one month and 1.09 in the
next. The curve in Figure 1.2 shows the numbéfubif households in the weighted panel.

This study uses the unweighted panel unless otkerstated.

Figure 1. 2: Monthly number of household in the wajhted and un-weighted panel
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The households hand in a diary each week, butras souseholds miss a week and some
households leave after a short while in the pahelaverage number of households per week

is lower than the average number per month anggmeras shown in Tablel.1.

Table 1. 1: Average numbers of households in the pal per week, month and year

1999 2000 2001 2002 2003 2004
Yearly average 2169 2082 2604 2779 4343 4635
Monthly average 1713 1691 2078 2224 3374 3746
Weekly average 1568 1550 1904 204% 3089 3408

! Weight, height and exercise are only reported f2@®4 and onwards.

% To see the composition of the weighted panel atiagrto age groups, family types, geography, satases
and income compared with numbers from Statistiosnbsrk see Smed (2002)
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About 20 per cent of the households leave the peaneil year; these are replaced by a similar
type of household. Figure 1.3 gives an overvielwwaf many months the households in

general stay in the panel.

Figure 1. 3: Duration of households’ panel membersp
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Number of months in panel

A smaller number of households (approximately 10ceat) stay in the panel during the
whole period from 1999 — 2004 (equal to 72 monitlhe panel consisting of these 260
households is referred to as the “balanced panieifevthe panel consisting of all households
is referred to as the “unbalanced panel”. The tbfiees between the balanced and the

unbalanced panel are described in the subsectelag/b

Purchase data

For each shopping trip the diary keeper reports:
- the day of the week and time of the day
- the name of the store
- who participated in the trip

- total expenditure on the trip

The level of precision in the data varies from péiio period and between various types of
foods. Some years the level of detail can be vesgipe (e.g. the purchased good is registered
by brand and detailed category) and then a couptears later only the basics are recorded.
For almost all goods in all periods the value aoldime of the product is registered together
with discounts and whether the food is organicamventional produced. GfK compiles the
data in the 52 basic food categories presentealieTl.2. below. In this study we classify

these 52 food groups into 8 main food categoribese€ are likewise presented in Table 1.2.
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In Smed (2002) the purchase data from GfK is aggezband compared to data from

statistics Denmark to validate the data. It is fibtimat total expenditure on each basic food

category is lower in the GfK data than in data friStatistics Denmark, but if the budget

shares for each basic food category is calculatdccampared, the data are in accordance

with the data from Statistics Denmark. This indésathat even though the households do not

report everything there are no major biases indawb specific basic food categories.

Table 1. 2: Food categories in GfK data

Main food group category

Basic food categories in {8 data

Processed food

Bouillon and soups

Dishes with rice and pasta

Salad dressing etc.

Sauce

Pizza

Backing mixture

Juice and soft drinks

Fruit syrup

Ice tea

Juice

Coffee

Tea

Fizzy drinks

Foods containing carbohydrates

Cereals

Potatoes

White bread

Brown bread

Flour

Crisp bread

Rice

Pasta

Fruit and vegetables

Fruit

Vegetables

Frozen fruit and vegetables

Fats

Butter

Oil

Margarine

Meat

Other meat

Bacon

Fish

Processed fish

Poultry

Rissole

Processed meat for bread

Liver paté

Beef

Sausages

Pork

Brawn and paté

Dairy

Speciality cheese

Ordinary cheese

Dairy snack

Milk

Yoghurt

Eggs
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Sugar Chocolate (for bread)
Ice-cream

Biscuits

Macaroons
Marmalade

Cake

Sugar

Small cakes

The varying precision in the data are caused hyGifié is a commercial firm and as such
responds to the type of customers they have. Téisteave the implication that a few food
groups; “backing mixture, processed fish, fisheiketchup and edible oil” are missing in one
or more years (See Table 1.3). As the consumpfiedible oil, fresh and processed fish and
rice are assumed to be important in order to gisatsfactory picture of the health status of
Danish diets, fitted values for the purchased dgtiastof these foods are constructed in the
missing time periods. The details of the estimatibfitted purchase quantities are described

in appendix 1.A.

Table 1. 3: Overview of missing data

Basic food group Period missing

Fish January 2003 — December 2004
Processed fish July 2001 — December 2002
Edible oll January to July 1999

Rice January 2003 - January 2004

Background data

The annual questionnaire provides information enice variety of background
characteristics on each household. Most questi@pased to the households each year; a
few are posed only in some years. Table 1.4 shbevsnbst important and most interesting

regularly posed questions.

Table 1. 4: Questionnaire content

Individual level: Social and demographic questiongposed to each individual in the household)

Age and gender Continuous, male/female
Level of primary school 7 years, 9 years, gramseaool
Education level No education, vocational (e.gpeater, nursing aide), short

education (e.g. policeman, technical educationyjioma
education (nurse, primary school teacher ), longation (e.g.
university degree)

(7]

Employment status Full time (> 29 hour/week), piane (16 — 29 hours/week), les
than part time (< 16 hours/week), self-employed,
housewife/spouse, retired, early retired, pensicmeteave,
student, unemployed

Income Intervals
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Household level: Social and demographic questions

Geographical region

Capital, Urban East, Rural Hadian West, Rural West

Number of women above 21 years Continuous
Number of men above 21 years Continuous
Number of children O - 6 years Continuous
Number of children 7 - 14 years Continuous
Number of children 15 - 20 years Continuous

Social class

Social-class 1 and 2: E.g. firm owngesple in leading
positions, people with higher education.
Social-class 3: E.g. owners of small firms, whitdtar workers
with few sub-ordinates or specialist skills.
Social-class 4: E.g. white collar workers withoubbsrdinates
and skilled blue collar workers.
Social class 5: E.g. unskilled blue collar workensemployed
and pensioners

Gender of main buyer

Female, male, both shop Bqoftén

Electronic equipment in the household

TV set, vid#sh washer, washing machine, tumble dryer,
freezer, micro wave, laptop, PC, modem, scanner,i@Brnet,
DVD, printer, fax, answering machine, mobile phone

Type of housing

One-family house, farmhouse, teumify house, block of flats,
room/studio

Ownership of house

Renter, lodger in room, fre@erge, co-operative flat, owner

Attitude questions

Purchase frequency of selected convenier
products

derozen pizza, sauces, soups, ready-prepared distggon,
spice mixtures

Reason for use of convenience

Easy, quick, tasid,ghort term solution

Average time spent on daily cooking

Less than ¥ He hour, 45 min., 1 hour, 1% hour, more thd
1% hour, varying, do not know.

Attitude towards cooking

Do not like, no opinioikd it, like it a lot, like it very much

Baking frequency

Once a week, once every secon{,weeee a month, once
every second month, once every half year, never

Frequency of home cooking

Never/not often, 1-2 §maveek, 3-4 times a week, on a dai
basis, only in the weekends.

Frequency of joint family breakfast and
dinner

Never/seldom, 1-2 times a week, 3-4 times a weelg daily
basis, only in weekends

Questions on shopping behaviour

Distribution of budget on store type

Per centwuddpet used in; discount stores, supermarkets, &i
and gas-stations, delicacy or speciality shops.

sk

Price and brand awareness

The importance of; Badnedl versus cheaper products, spec
offers and price level on store choice.

al

Favourite and nearest shopping place

Names

Questions on media habit behaviour

Advertisement flyers

Number received

Number read

Time used reading flyers

Importance

Reason for reading

Newspapers Subscription
Reading frequency
Magazines Subscription

Reading frequency

TV channels watched

Various channels to chose from

A membership of the panel and in particular a ltargn membership, may apply more to

some people than to other. This might imply thatgbcial and demographic profile of the
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balanced and the unbalanced panel may differ. Coedgda the unbalanced panel the
balanced panel consists of more households locatedlal areas and more households living
in houses. Furthermore there are more couples amnel households where the woman is the
main purchaser. A larger share of the householldsmpe to social class 4 and 5 in the
balanced than in the unbalanced panel and theg lasger share of their food budget in
discount stores and in ordinary supermarkets. Taerenore pensioners and people with no
education, but fewer students and the income ageneral lower in the balanced than the
unbalanced panel. The average age is higher inalaaced panel and they have a smaller

amount of electronic equipment.

1.2 Combination of household data and nutrition data

The purchase data from the GfK data are concatgénétk nutrition matrices from the Food
Composition Databank provided by the Danish Insgifor Food and Veterinary research
(http://www.foodcomp.dk/fcdb_default.gs@ he nutrition data base provide detailed

information about the content of 10 macronutri€atse.g. protein, fats, carbohydrates and
fibres), 18 vitamins (as e.g. vitamin A and vitar@ihpand 13 minerals (as e.g. calcium and
sodium) in 1032 different foodsAs all values are given per 100 g edible path@nutrient
matrices, it is possible to calculate the total ant@f various macronutrients, vitamins and
minerals purchased by the households by concatgnidie nutrition matrices with the
purchase data. For each type of food the matcbrie dn a level beyond the level of detail in
the basic food groups in the purchase data fronkeThR. It is for example possible to
separate the purchased quantity of milk into d#ifértypes of milk (e.g. butter milk, whole
milk, semi skimmed milk, skimmed milk and flavouneiilk) and to match each type with a
nutrition matrix describing the exact content ofrrants in this particular type of milk. Table

1.5 shows the concatenation level for each foodmro

® The database covered 1032 different foods in 2806is continuously improved
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Table 1. 5: Linking of nutrition and purchase data

Basic food group

Concatenation level

Butter and blends

Type (e.g. ordinary buttertdyuhixtures, with or without salt)

Margarine Type and fat content (e.g. for baking,cooking)

Cheese Type and fat content (e.g. emmentaler,aytadarti)

Eggs Only one type of egg

Milk Type (e.g. buttermilk, chocolate milk, skimmeullk)

Soured milk Type and fat content (e.g. flavouredhuat, natural yoghurt, low fat

yoghurt)

Brown bread

Type (e.g. whole grain, dark, less dark

White bread Type (e.g. toast, flutes, pita)

Pizzas There is only one type in the nutritioratlase
Dairy snack There is only one type in the nutritibdata base
Crisp bread Type (e.g. wheat, rice, whole grain)

Sugar Type (e.g. cane sugar, brown sugar, whitarsug
Flour Type (e.g. wheat, wholegrain, durum)
Breakfast cereals Type (e.g. cornflakes, fibre potgl muesli)
Ice-cream Size and form (e.g. cake, litre, cornet).
Biscuits Type (e.g. crackers, digestives)

Processed fish

Species (e.g. herring, tuna, dgdfis

Canned foods and pickles

Type (e.g. tomatoesylaaug, olives)

Bouillon and soups

There are only a few soupsémiltrition data. . The excluded are
approximated by the average of raw products

Sweet biscuits and cookies

Type (e.g. macaroonstiias cakes)

Baking mixture

Baking mixture is approximated wéh average of raw products

Jams

Flavour (e.g. strawberry, orange, apricot)

Poultry

Type (e.g. chicken, turkey, duck)

Frozen and canned vegetables

Type (e.g. oniomstsaeeks). The packages with vegetable mix
are approximated with an average

Cakes Type (e.g. chocolate, lemon). There areitetinmumber of different
cakes in the nutrient database. For those exclitedverage is used

Pasta Type and flavour of pasta (e.g. macarongémgnehite). Fresh pasta i
approximated using nutrient data for boiled pasta

Rice Type (e.g. brown, parboiled, pudding rice)

Sauces and spices

There are only a few sauces ithition data. For those excluded
the average is used

Spread-able chocolate

Type (e.g. dark, light)

Mustard and ketchup

Type (e.g. chilli, Mexican)

Fruit

Type (e.g. apple, pear, orange)

Vegetables

Type (e.g. carrot, onion, leeks)

Processed meat for bread

Type of meet (e.g. popltnk, beef) and to a limited extent also
type of cut (e.g. roast beef, salami)

"2

Liver paté Type (e.g. with mushrooms, garlic, crgam
Paté and brawn Type (e.g. with mushrooms, ganéeam)
Bacon Size and form (e.g. whole pieces, sliced)
Meat balls Only one type

Mayonnaise Only one type

Edible oils Type (e.g. olive, sunflower seed)

Salad dressing Type (e.g. mayonnaise, oil-vinegar)
Beef Cut (e.qg. fillet, minced, roast beef)

Pork Cut (e.g. chop, minced, ham)

Other meats Type (e.g. lamb, crocodile)

Sausages Only one kind of sausage in the nutritéa
Fish Species (e.g. tuna, herring, codfish)

Dishes with pasta and rice

Approximated with arrage of raw ingredients

Soft drinks

Type (juice, ice tea)
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An example of the concatenation of the GfK purchdeta with the nutrition data is shown in
Table 1.6 for milk.

Table 1. 6: An example of concatenation of purchasand nutrient data

Content pr 100 g semi skimmed milk Content in pase of 2 litres (it is
assumed that one litre weighs 1000 gram)
Total energy 202 kJ 4040 kJ
Total protein 3,50 709
Total fat 1,69 329
Saturated fat 1,11 ¢ 22,29
Poly unsaturated fatty | 0,037 g 0.74 ¢
acids
Mono unsaturated fatty 0,38 g 7640
aids
Carbohydrates 4949 98 g
Available 499 98¢
carbohydrates
Added sugar 0g 0g
Fibres 0g 0g
Vitamin D 0,09ug 1,8ug
Vitamin C 1,3 mg 26 mg
Folacin acid 119 220ug
Cholesterol 6 mg 120 mg
Iron 0,031 mg 0,62 mg

1.3 Food consumption in Denmark

The concatenation of purchase data with nutritiata agnakes it possible to give a picture of
the development in the composition of the Danighisdboth in terms of energy shares, budget
shares and in terms of nutritional composition. fdilewing figures are based on the
unbalanced weighted panel so in principle the gBguepresent the diet of the Danish
population. Figure 1.4 and 1.5 below show the sbatetal energy intake from each of the
main food groups in Table 1*2Vith time the energy shares from especially maet a
processed foods, but also fruit and vegetablesarigbhydrate containing foods have
increased while the shares from dairy and espgdralin fats have declined. Seasonal
patterns are found for almost all food groups. iReats peaks are seen around Christmas and
in summertime while the opposite pattern is foumdprocessed foods. The energy share
from fruit and vegetables drops through summers Tassumed to arise from the fact that
different types of fruit and vegetables are eataning the year. The energy shares from dairy
and sugar-products show the opposite patternnerieases during the summer. The large

energy share from sugar products during summertroimhe from an increased consumption

* The results of a linear regression through thaptints are shown in appendix 1.B
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of ice-cream. Generally it seems like diets chatwesiderable during summer (June, July
and August), in January and around Christmas cosdparthe rest of the year

Figure 1. 4: Share of total energy intake from selged foods
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Figure 1. 5: Share of total energy intake from selged foods
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Figure 1.6 shows the share of total energy consemfriom selected macronutriert3here
is a small increase in the energy share from cadiraltes over time, but with small repeated
declines during December (Christmas) and summex.opiposite is seen for fat. The energy

share from saturated fat and total fat decline tiveg, but there is a repeated increase in the

® The results of a linear regression through thagkints are shown in appendix 1.B
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energy shares in Decembévllowed by a decline in January and FebruaryoAlsly and
August are months with a larger intake of fat tb#mer months. The energy share from sugar
shows a huge seasonal variation with a decreabe ineginning of the year and a huge
increase during summer, but no trend. The genatténm shows an increase in the healthy
nutrients (fibres, protein and carbohydrates) dudanuary and February and an increase in
the more unhealthy nutrients (total fat, saturd&@nd sugar) during Christmas and summer.

Figure 1. 6: Energy shares from protein, fat, satuated fat, carbohydrates, and sugar
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Figure 1.7. and 1.8 show that there is a closeetairon between the energy share from fruit
and vegetables and the energy shares of satuedtadd sugar respectively. Around 28 per
cent of those who get less than 4 per cent of grergy from fruit and vegetables get
between 10 — 15 per cent of their energy from s#tdrfat and 60 per cent gets between 15 —
20 per cent. The same numbers is 44 and 42 perespectively for those who get more than
8 per cent of their energy from fruit and vegetableikewise for sugar there is a tendency to
get a small share of energy from added sugar tmetlwvho get a large share of their energy

from fruit and vegetables.

®|f the trend is pictured on a weekly basis itasyeto point to the week before Christmas and leef@w
Year’s Eve as the large contributor to the incrdasteare of fat in December
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Figure 1. 7: Correlation of energy shares from sattated fat and from fruit and vegetables
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Figure 1. 8: Correlation of energy shares from sugaand from fruit and vegetables
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1.4 Data on consumer health

In addressing obesity and overweight the GfK paagk in 2004 filled in a questionnaire
concerning height, weight and exercise data foh @aividual in the household. The height
and weight data can be combined into a measuredy Blass Index (BMIJ.BMI can to

some extent describe the health status of the nelgmds, due to the increased occurrence of

lifestyle related illnesses as e.g. diabetes, ogedicular disease or cancer with overweight

weightkg)
heigh{m)* heigh{m

below 30, while obesity is defined as having a Bi¥bve 30.

" BMI is calculated asBMI =

) . Overweight is then defined as a BMI above 25, but

23



status. In addition to the exercise, height andjtmeguestions the respondents answered
guestions concerning their dieting “habits”, adéuowards their own weight, and active
effort to change weight. In total there are 356&pomdents, 2930 adults (1214 males and
1716 females) and 637 children. Figure 1.9 shoesrthan BMI with age (only adults,
children below 18 years have been delete from #ta since they follow another scale than
adults) separated by gender. There is an incre&hfigvith age until the age of 56 years for
woman and 60 years for men where after BMI declgtightly. The gap between the average

BMI for men and women widen over time.

Figure 1. 9: Mean BMI separated by age and gender
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Figure 1.10 indicates that mean BMI declines wlii level of educatidh The mean BMI is
significantly smaller for all educational groupscept vocational educated compared to
households where the head has no further educdigure 1.11 illustrates the share of the
panel being either overweight (BMI between 25 a@l@ obese (BMI equal to 30 or above)
for various social and demographic groups. Theréiglearly shows that the prevalence of
overweight and obesity is larger among lower edectého, vocational or short) than higher
educated (medium or long) especially for youngée prevalence of obesity is larger in the
Capital than in other regions for younger housesohhile the opposite apply to older
households. Overweight is generally more commonranmmuseholds in other regions than
in the Capital. No specific pattern is found betweage groups.

8 For a definition of the educational groups seel@ab4
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Figure 1. 10: Mean BMI separated by education
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Figure 1. 11: Prevalence of overweight and obesifgr social and demographic groups
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Exercise patterns might be another indicator ofthedue to the close relationship between
daily exercise and health. The Danish health autberecommend at least 30 minutes of
exercise a day. Figure 1.12 shows exercise patternise same social and demographic
groups as above. The figure indicates that thererare households among the longer
educated who exercise more than 60 minutes a day.applies in particular to Capital
located households. Older households in the Capitaicise more than younger households
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in the Capital while no difference is seen betwaga groups for households located in other
regions.

Figure 1. 12: Minutes of daily exercise for sociaednd demographic groups
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Figure 1.13 shows the relation between the daitplver of minutes of exercise for normal
weight, overweight and obese individuals. The fegundicates that there are more among the
obese exercising less than 30 minutes a day as@kescising more than 60 minutes a day
when compared to the normal weight.

Figure 1. 13: Minutes of daily exercise and overwght status
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Appendix 1.A. Estimation of predicted data

As described there are a couple of food groupsicgssed fish, fresh fish, rice and edible oil”
that are missing for one or several years. It ssiaged that most of these foods are important
in order to give a complete picture of diet componsi Therefore, it is chosen to predict the
purchased quantities of these foods and the puedremount of nutrients. The latter is done
in order to reflect changed composition within indual food groups, e.g. the consumed
amount of milk can be stable while at the same timeamount of saturated fat is decreasing
due to a change from one type of milk to anothérs §ives seven equations to estimate for
each food. The predictions are based on parametémsated in a time-series analysis, with
the monthly average purchased quantity of the fyrodp in question as the explained
variable and a time trend and seasonality as thkaeatory variables.

12
yit = al + ﬁrend 0+ :Btrend2 [nz + Zﬁs[ss (Al)

s=1

The panel is divided into two age groups (< 50@yE and above), three educational groups
(no, vocationally or short, medium or longer furtkeducation), three family status (no kids,
kids below 6 or kids between 7-14 yrs) and finaly regional groups (Capital, other
regions). This leads to 36 different groups. Fahgaod the purchased quantity, total energy,
amount of fat, amount of saturated fat, amountlw&t, amount of carbohydrates and amount
of added sugar is predicted individually i.e. seversions of equation A.1 is estimated for
each food and for each social and demographic gfugp model is estimated as a pooled
estimation in first differences. Finally, the hohekls’ consumption of the amount of the
particular food and the nutrients from this paftcdood are predicted using the estimated

parameters.
For those households who are only in the pandiemperiod where the data are missings

approximated with the average consumption for tieeigs that the household belongs to in
the first period.
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Figures A.1-A 4 illustrate the estimated quantitegether with actual quantities for the un-

balanced unweighted panel (i.e. the figures reddtioth change in panel composition and

change in panel size).

Figure A. 1. Actual and estimated consumption ofdible oil
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Figure A. 2: Actual and estimated consumption of 1Ge
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Figure A. 3: Actual and estimated consumption of fesh fish
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Figure A. 4: Actual and estimated consumption of pocessed fish
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Appendix 1.B. Results from estimation through data points

Figure B. 1: Results from estimation through data pints in figure 1.4 and 1.5

Fruitand Processed Sugar Dairy  Meat _fish  Fats Carbo

vegetables foods products
Constant 0.02580 0.08706 0.13545 0.10916 0.14744 0.17259 0.32206
Slope 0.00004 0.00012 -0.00008 0.00036 -0.00078 0.00031
January 0.00394 -0.03402 0.00461 -0.01065 0.02893
February 0.00196 -0.01714 0.00459 -0.01116 0.02026
Marts -0.02425 0.00545 0.01649
April -0.01661 0.00575 0.01744
May -0.00261 0.00549 0.01004
Jun -0.00376 -0.00953 0.00732 0.00752 0.01528
July -0.00439 -0.02405 0.02493 0.00880 0.00803
August -0.00164 -0.02057 0.00579
September
November -0.01239
December -0.00966 0.01894 0.00503 -0.00997
R-squared 0.7384 0.3690 0.7288 0.4173 0.5314 0.6889  0.4540
*Only parameters that are significant differentir@ (5%) are shown
Figure B. 2 Results from estimation through data pmts in figure 1.6

Total fat Saturated fat  Carbohydrate = Sugar Fibres rotein

Constant 0.38579 0.14542 0.46103 0.06471 0.01590 0.13414
Slope -0.00080 -0.00024 0.00061 -0.00001 0.00021
January -0.01764 -0.00889 0.01276 -0.01416 0.00081 0.00706
February -0.01309 -0.00510 0.01090 -0.00972 0.00495
Marts -0.01396 0.00311
April -0.01028 0.00484
May 0.00518
Jun 0.00628
July 0.01147 0.00413 -0.00901 0.02026 -0.00147
August 0.01403 0.00496 -0.01380 0.00576 -0.00086
September 0.01235
November 0.00983 0.00560 -0.00070 -0.0056
December 0.01858 0.01036 -0.01067 -0.00097 -0.0040
R-squared 0.8256 0.7768 0.7059  0.7577 0.5144 07493

*Only parameters that are significant differentfr@ (5%) level are shown
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Chapter 2

Measuring the Health Performance of Diets

Sinne Smed

AKF
(Danish Institute of Governmental Research)
Copenhagen

Abstract

In this paper a Healthy Eating Index is develofgbdt measures the health performance of
diets in terms of compliance to multiple healthamenendations simultaneously. Consumers’
compliance to each of several dietary recommendatase measured individually and then
weighted together to one measure using an Euclidisiance measure. Based on a panel
dataset, that includes data on food and nutritionsumption together with food expenditure
for approximately 2500 Danish households per wek&nges in the health performance of
diets in relation to the official dietary recommeutions are described from 1999 to 2004
using this Healthy Eating Index. The results shioat only 1.5 percent of the population
fulfils all the diet recommendations, but minor neyements in the diet are found in the
studied period. A social gradient is identifiedyealing that shorter educated eat less healthy
than longer educated, and older households areddarbe closer to the diet
recommendations than younger households. The effage is so dominating that the best
educated of the younger households are on the amakof health performance as the
shortest educated of the older. Low educated yauasige seem to have smaller
improvements in the health performance in the stigieriod than other types of households,
suggesting that the social bias in dietary pattgoessists. The relationship between dietary
quality and BMI is confirmed, and the results swgidkat observed differences in BMI
between men and women might be caused by heatibtary patterns among women than
among men. Furthermore we find a positive correlatbetween food expenditure and the
health performance of diets.
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Introduction

Health problems related to poor diets are a majololpm in most industrialised countries.
WHO (2002) has estimated that at least 10 to 1% @etr of lost years of life in Europe can be
attributed to poor nutrition. Poor nutrition cobuites to the prevalence of a number of
chronic conditions such as cardiovascular diseasese types of cancer, diabetes,
osteoporosis as well as obesity. During the lastdacades the Danish health authorities have
conducted massive campaigns aimed at the wholdgtaputo encourage a decreased intake
of saturated fat and an increased intake of fishi, &nd vegetables. There is evidence that
consumers have reacted positively to these mesgdgén et al., 2002; Haraldsdottir et al.,
2005; Astrup et al., 2005). Despite this positieeelopment, statistics show that the share of
the population that is severely overweight is sidwing (Ekholm et al., 2006), especially for
the lower educated and low income groups (Richetseh, 2003). The prevalence of
lifestyle-related illnesses is also more prevalehdwer educated and low income groups
than in other parts of the population (Brgnnum-Hanst al., 2004; Lynch et al., 2006). Part

of this problem might be related to divergenceigtaty patterns.

Due to the complexity of human diets and the martyient-to-nutrient interactions that
occur in the body, conclusions about the healto@ut effect of the consumption level of
single nutrients may be misleading. This is supmblly recent epidemiological studies of
diet and health outcomes (Hu et al., 2000; Furaj.e2001). For these reasons it is useful to
examine diet quality and dietary patterns throughdes of food and nutrient intake that
express several related aspects of dietary intakeurrently. The overall idea of the Healthy
Eating Index (HEI) developed in this paper is tcaswee how well Danish diets conform to
recommended eating patterns, to record differeimcdietary patterns among various
household types and to examine changes over timeedata used in this paper distinguish
themselves by having repeated measures of the lsanseholds over time. This means that
we have the possibility of describing and modelling development over time of dietary
patterns to a larger extent than analysis basetietary recalls or shorter time periods.
Furthermore, the data give a unique possibilitaredlysing the effect of expenditure on

healthy eating patterns since prices are repoftedjavith amount of nutrients purchased.

The remainder of this paper is organised as foli@&estion 2.1 briefly summarise the
important literature in the area. Section 2.2 dbssrthe theoretical construction of the

Healthy Eating Index (HEI), the data used and thpigcal construction of the HEI. Section
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2.3 examines changes in the HEI over time. Se&idrctontains a detailed description of the
variation in how well different social and demodnapgroups perform according to the
dietary recommendations, while the cross-sectitimasions in Section 2.5 only look at
average effects, but control for the effect fromestsocial and demographic characteristics.

Finally, Section 2.6 is discussion and conclusion.

2.1 Methods to measure health performance of diets

Two methods are generally applied to study theityuad diets and dietary patterns. The first
is the use of statistical techniques such as faatdrcluster analysis to identify common
dietary patterns, and relate these to health owtsoifhe general results from these studies
are that a diet with a large share of red meatge®ed meat, and refined products is
correlated with a higher risk of cardiovasculaedises and a larger BMI. Diets with a high
intake of fruit, vegetables and whole grains hdneedpposite influence (Newby et,&003;
Maskarinecet al, 2000;Hu et al., 2000; Fung et al., 2001). The secondaggh, which is
followed in this paper, is to compare diets to s@pecific goals and score them according to
a set of criteria to produce a composite indexieff guality. Within the latter approach three
major ways to construct diet quality indices haeerbfollowed in the literature: indices
derived from nutrients only; indices based on food&od groups; and those based on a
combination of the two (for a review, see Kant, @%xamples of indices which are based
on a combination of nutrients and food groups togreare the diet quality index (Patterson et
al., 1994; Haines et al., 1999) and the Healthyngdhdex (here named US-HEI)
constructed by the U.S. Department of AgricultlW&DA). In particular the US-HEI has
similarities to the index developed here. The USBtfoduced the US-HEI in late 1995 and
the principles of this index have been appliedanous datasets (see e.g. Guo et al., 2004;
Basiostis et al., 2002; Variyam et al., 1998). T HEI is based on selected nutrient and
food intake recommendations of the US food anditrurtrboard and provides a health
measure of the diet based on 10 dietary compon€hnésfirst five components measure the
extent to which a diet conforms to the USDA FooddeWPyramid serving recommendations
for grain, vegetable, fruit, milk and meat groupke next four components assign scores
according to the amount of selected nutrients I(fatasaturated fat, cholesterol and sodium)
evaluated against the dietary guidelines for maxmalaily intake of these nutrients. The last
component assesses the variety in the diet. Theetg of this paper is to construct a similar
measure which is in accordance with the officiahi3h dietary recommendations and to look

at changes in this measure across households andime. \What distinguish our measure are
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the inclusion of the economic variables in the datd the use of the Euclidian distance
measure to measure composite healthiness of the die

2.2 Construction of a Healthy Eating Index

How to define a healthy diet

It is a matter of definition to decide what a hiegltliet is. Here, a healthy diet is defined as a
diet being in accordance with the Danish offici@tadecommendations published by the
Danish Ministry of Family and Consumer Affairs. Tlagest revision of the
recommendatioriss shown in Box 2.1 below. The text in parenthése¢ke more advanced
version of the recommendations. The recommendasimnsade in cooperation with the
Danish Nutrition Council and the Danish Institube Food and Veterinary Research and are
in accordance with the Nordic Nutrition Recommeruaiat given by the Nordic Council of

Ministers.

Box 2.1: The official Danish diet recommendations

1) Eat 6 pieces of fruit and vegetables a day (exathtpes) — (adults 600 g and children 300-400 byda

2) Eat fish several times a week (200-300 g. a week)

3) Eat potatoes, rice, pasta or brown bread everys&0 per cent of total energy intake from
carbohydrates, 22 g. of fibres per 10 MJ of foodstoned)

4) Reduce the consumption of sugar — especially froftndsinks, sweets and cakes (max. 10 per cent|of
total energy intake from added sugar)

5) Reduce the amount of fats — especially from daiogpcts and meat (max. 30 per cent of total energy
intake from fat and max. 10 per cent of total egengake from saturated fat)

6) Eat a variety of foods and keep your normal weight

7) Drink water

8) Exercise — at least 30 minutes a day

The correspondence between these recommendatidresshagalthy diet might be debated. In
particular the recent revision of the food guidegoyid, the so-called healthy eating pyramid
(Willett and Stampfer, 2003; Willett et a22001) gave rise to a comprehensive discussion.
Each of the above recommendations is discussedanan to the healthy eating pyramid
before inclusion in the HEI. There is general coissis about the recommendations for fruit
and vegetables, fish, sugar, saturated fat andgifirhe controversial points are carbohydrates

and unsaturated fat. According to the official dextommendations in box 2.1 a diet with 50-

® The first Danish diet recommendations were fortadan 1970.
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60 per cent of total daily energy intake from cdmjmdrates will protect against cardiovascular
diseases by lowering the intake of fat, which sodhe reason why a carbohydrate containing
diet is said to prevent obesity. In contrast td,ttlee healthy eating pyramid by Walter Willett
recommends a low intake of “fast” carbohydrateseSkhare rice, potatoes, pasta and white
bread. As carbohydrates are recommended due td thddstitute for fat not because it is
healthy in itself we choose to disregard the caydadite recommendation in the HEI.
Consumption of unsaturated fats is another contsialepoint. Despite the healthy aspects of
consumption of unsaturated fat, it is still ricireenergy than nutrients such as sugar and
carbohydrates and the consumption of large amairitg might have implications in

relation to obesity. Therefore we choose to incliskeofficial recommendations of maximum
30 per cent of total energy consumption from fahie HEI. The recommendations 6, 7 and 8
are not taken into account. The use of tap watexétuded since most datasets do not
comprise the use of tap water. Exercise is nottyeonsidered as part of a healthy diet.
Furthermore, we choose not to focus on variablilgye due to problems of defining what a
healthy variability in diets is. This might be aute for further research. In the empirical
implementation it is also necessary to adjust sohtke recommendations to suit the data.
These issues are discussed in Appendix 2.A togetitlera more detailed description of the
heath implications of each of the recommendations.

Theoretical construction

The HEI is a weighted measure of how well the hbakks perform in relation to several
recommendations simultaneously. First the housé&hpletformance in relation to each of the
recommendations is measured as the degree to Wiadiousehold fulfils this particular
recommendation. The minimum score, zero, is asdigméhe worst possible consumption.
This is equal to O for a “positive” food or nutrtdike e.qg. fibres or fruit and vegetables and a
maximum possible consumption for a “negative” favdhutrient e.g. saturated fat or sugar.
The minimum or maximum possible consumption isriEdias the observed minimum or
maximum consumption of a specific nutrient or fawdhe panef’, due to the fact that it is

not possible to have an energy share of e.g. faleqg 100 per cent during a month. The
maximum score is 10 indicating that the recommeadas met’. Households with intake

between the recommended and the minimum or maxipussible consumption are assigned

19 The maksimum possible is an energy share at @aturated fat, 0.81 for fat and 0.66 for sugar
1 The number 10 is just an index number and coudtiga easily have been 100 or 1, which would oaletthe
effect of up- or down-scaling the index.
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scores proportionally according to a linear scakes gives the following formula for
measuring the performance score for each of trmmweendations:

_ S~ %
Score-lO[ﬁ : j 2.1)

Stecommended” D

wheres; is actual consumption of nutrienat timet and s, represents the consumption which

will give a 0 score. It is of course questionalol€oose a linear scale since the health effects
of changing food habits often follow a non-lineattprn. One problem of using a non-linear
scale is to weigh different positive health outcertagether (e.g. a decrease in cardiovascular
disease versus a decrease in cancer) in a reasamayp| another problem is that in most

cases the exact functional form of the health éffe€ changed dietary patterns is unknown.

The individual scores are weighted together usmguaclidean distance measure, wheee
the number of components in the HEI measurerasdhousehold numbetjs time.
|

HEI, =, /> (score, )’ (2.2)

i=1

HEI O lO; \/6001. A household fulfilling all the recommendationdivget a

HEI = /10) + (10)? + (10)* + (10)? + (10) + (10)* = 2455. A household being half way

between the worst possible and the recommendetif@val 6 recommendations will get a

HEI = (5)% + (5)% + (5)° +(5)° +(5)° +(5)° =12:2. It can be discussed whether it is
reasonable to weigh all components equally. Buattase there will be problems in weighting
a decrease in one type of illness against anotigetaacombine a potentially non-linear
decrease in the incidence of cardiovascular disgasdo a higher fruit and vegetable
consumption with another type of non-linear deaeaaghe incidence of cardiovascular
disease due to a decrease in the consumptionwbsad fat. To make these comparisons is
beyond the scope of this paper. This means thatifiezalue developed will merely measure

health behaviour than actual health effects.

Data

The HEI measure will be applied to a dataset peioy GfK Denmark which contains

weekly records (aggregated to monthly observatitmrs)n average 2500 households’
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purchases of foods including juice and soft driflkse data are at household level and the
purchased food, in terms of quantity and valueyagestered at a very detailed level, for
some food groups even at brand level. The datarsdlie period 1999-2004. The purchase
data are concatenated with nutrition data fromRbed Composition Databank from the
Danish Institute for Food and Veterinary ReseafcFhe matrices in the Food Composition
Databank give detailed information about the contémenergy, 10 macro nutrients (protein,
fats, carbohydrates, fibres ...etc.), 18 vitamingafwin A, vitamin b12...etc.) and 13
minerals (calcium, sodium...etc.) for each food iienthe databarik. Concatenating
purchase data with information from the nutriertbdase at the most detailed level possible
leads to data on purchased quantities of manyrditenutrients for the individual
households. Additional to the purchase registratitie households fill in an annual
guestionnaire concerning their social and demodcagtaracteristics (e.g. family size, age
and level of education of each household membenpeu of children, region, and income)
media habits (e.g. preferred newspapers and maggand height, weight and exercise
habitd*. The panel is unbalanced since there is a replaceai 20 per cent of the households
each year. For some purposes a subset of thesdateated consisting only of the households
which stay there for the entire period (1999-20@4proximately 10 per cent of the entire
panel. The two versions of the panel are refewegstthe unbalanced and balanced panel,

respectively.

Empirical construction

As the data at hand only cover in-house consumptidoods, it is necessary to state a set of
assumptions about the composition of food consuougside the house, i.e. to assume how
food eaten in canteens, restaurants and fast-fotbet® differs compared to food eaten at
home. In general, despite the rising share of fetdn away from home, most food is
consumed at home (Groth and Fagt, 2003). The noostmonly eaten meal away from home
is lunch. Research, based on data including foodwmed away from home, shows that the
nutritional composition of lunch does not vary dabsally from the nutritional composition

of breakfast and dinner (Groth et al., 1999). Forae rigorous discussion see Appendix 2.B.
An exception is that young individuals consumergdashare of added sugar at in-between
meals than at ordinary meals. This might cause nbiases in the results even though the

data are adjusted for the smaller intake of sug#neé GfK panel compared to data from other

12 http://www.foodcomp.dk/fcdb_default.asp
3n total there were 1032 items in the databar®0@5.
4 Height, weight and exercise questions for eaclviddal in the household are only filled in for tiiear 2004.
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sources (see below). Based on this we assumenttigiduals having lunch outside home in
canteens (as compared to bringing a lunch bag) asentheir meal nutritionally more or less

equal to their consumption at home.

Furthermore, the data cover only household purchasé not individual consumption. A
refined way to cope with the fact that it is indival consumption which counts, but
household data that are in hand, would be to wsenttthod developed by Chesher (1999). In
that study a non-parametric regression is usethtmth consumption and thereby jump from
household data to individual consumption. Due ®ftitt that most households eat most
meals togethér we assume, that individuals belonging to the samesehold compose their
diet in the same way. It is a rather different aajgh to use purchase data at household level
to describe diet quality since most other studesscdbing diet quality are based on 24 dietary
recall or 1-2 days of food records. One advantdgleeodataset at hand is that it is possible to
follow the same households over a long period Aatrice and total expenditure are
included in the data. Moreover, the household rspexact weight of the purchased foods,
instead of estimated portion sizes as normally uséaod records and dietary recalls.
Deliberate misreporting and especially underrepgrtif the consumption of unhealthy food
is a problem in food intake studies based on sgbrted consumption (Lafay et &Q00;
Krebs-Smith et al2000). In the data at hand the diary keeper reploetpurchases for the
whole household and for a longer period of time htmuseholds purchase foods for more
than one day at a time). This means that the cdiomeoetween the nutritional value of the
purchased foods and the single meals is less obwaod therefore deliberate adjusting is
assumed to be diminished. We do not include theathvealorie intake in the HEI, which is
due to several causes. First of all it is not kndww much the individuals exercise over
time'®, which is one of the principal determinants faracise recommended calorie intake.
Furthermore, the amount of calories might be ardetent of whether there is an excess
intake of calories, but not a determinant of howltigy a diet is, since no correlation is found

between diet quality and total calorie intake (@atin et al., 1994; Haines et al., 1999).

1541 per cent of the Danish households eat breaidgsther and 81 per cent eat dinner together elayy
(Groth et al.1999). The same numbers for two-person householdsripanel dataset are 42 per cent and 84
per cent, respectively. Of the remaining part efplanel 12 per cent eat dinner together 3-4 dayeek, and 10
per cent eat breakfast together 3-4 days a week.

'8 The height, weight and exercise questions are coilgcted for 2004.
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The six included recommendations are shown inabBedolumn of Table 2.1. All recommend

levels are computed in energy shares due to thessary assumption that individuals

belonging to the same household compose their di¢kee same way. Furthermore, the

average intake of various nutrients, fish, fruit megetables between the panel from GfK

data and other data sources is compared both msgaad in energy shares in order to

validate the data.

Table 2.1: Nutrient and food intake

Average in GfK data —
unbalanced panel (2002)

Average from other
sources

Official guideline

Fruit and vegetables

245 g. a day per person
(3.9 % of total energy
intake)

379 g. a day per person
(5.6 % of total energy
intake) (Fagt et al., 2002)

600 g. daily per adult, 3-
400 g. per child (8.5 % of
total energy intaké)

Fibre 1.7 % of total energy 22 g. per day (1.98 % of | 3 g. per MJ = 2.4 % of
intake total energy intake) total daily energy intake
(Fagt et al.2004)
Fats 35.2 % of total energy 33 % of total energy intakeé Maximum 30 % of total

intake

(Fagt et al.2002)

energy intake

Saturated fat

13.0 % of total energy
intake

15 % of total energy intake
(Fagt et al.2002)

> Maximum 10 % of total
energy intake

Added sugar

6.4 % of total energy
intake

9 % of total energy
consumption (Mglgaard ef
al., 2003)

Maximum 10 % of total
energy intake

Fish 1.5 % of total energy 20.5 g. a day per person | 200-300 g. a week (3.1 %
intake (1.5 % of total energy of total daily energy
intake) (Groth and Fagt, | intakef
2003)
Not in the HEI
Protein 14.5 % of total energy 16 % of total energy intake
intake (Fagt et al., 2002)
Carbohydrates 48.6 % of total energy | 48 % of total energy intake

intake

(Fagt et al.2004)

1 This number is calculated as the average enexgsity for fruit and vegetables in the purchasa ¢a45
KJ/g) multiplied by the recommended 600 g. per alag divided by the average recommended intake of
kilojoules per day per person (10,235 KJ). In tHé Ealculation household-specific energy densities
according to type of vegetable consumed in the étanigl are used together with approximated specific
energy requirements for this particular househgbe t

2 This number is calculated as the average enanggity for fish in the purchase data (7.42 KJ/g)tiplied
by the recommended 200 g. per week and dividethdynverage recommended intake of kilojoules per day
per person (10,235 KJ). In the HEI calculation letwdd-specific energy densities according to tipe tyf
fish consumed in the household are used togethbrapproximated specific energy requirements fie th

particular household type.

The numbers for sugar and fruit and vegetabletoarer in GfK data than the numbers from
other sources. This might be due to that GfK deganaainly based on in-house consumption
and therefore only to a limited extent cover inwEn-meals. Fruit are often eaten in-
between-meals, and in-between-meals have a soméwheat share of sugar than other meals
as explained in Appendix 2.B. Due to this, the reoceended levels for the consumption of

added sugar, fruit and vegetables are revised tohntlae lower coverage degree in the GfK
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data. The adjusted recommended level for fruit\aegktables is equal to the average in the
panel divided with the average in the comparabta daurce multiplied with the original

recommended level:

avera
recommende, ;.o = g%a%v erage,. (600 (2.3)
Likewise for sugar:
avera
recommende,qeq = g%ar%verag%mer =0 @4

The recommended level of fish, fruit and vegetakddarthermore transformed into
recommended energy shares. First, the recommeadelddf fish, fruit and vegetables in g. is
calculated for the individual households accordmthe number of adults and children in the
household. This is transformed into energy shdmerigh a multiplication with the average
energy density (KJ/g) for fish, fruit and vegetahleespectively, in this household. This
number is then divided by the average gender aasgpegcific recommended energy intake in
KJ for the individual households (Kostplanen, 2008)

2.3 Development of the HEI value over time

This section describes the development in botlafggegated HEI value and the scores for
each of the recommendations for both a balanceel pamnsisting of households which stay
for the whole period, and an unbalanced panel,isting of all householdé. From January
1999 to the end of 2004 there is a small increasled index value as seen in Figure 2.1.
More distinct is the strong seasonal variation witheak in January each year, followed by a
large decrease in the index value in the followmanths. This pattern is followed by all type
of households. It is remarkable that the househaldlse balanced panel (i.e. households
which are there for the entire period) eat healttiian households from the unbalanced panel.
One explanation for this would be that the housghualhich stay there for a long time are the
households with a high level of self-control, whielpart from being able to register their
purchases each week, are able to control their ifttaie too. Another explanation would be
that this group of households is influenced duthngr stay in the panel. As the questions
posed to the panel during our data period are ort¢entrated around how healthy their diet is

we assume that the first explanation the most s

7n the dataset described in section 2.2. theae28% replacement of households each year
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Figure 2.1: Developments in the HEI value over time
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The observed increase in the HEI value is baseghdncrease in the scores for fat, saturated
fat and fruit and vegetables and the seasonaltiarja.g. the peak in January is based on
seasonality in all components despite fish. Thesliwalue of the HEI seems to be during
summer. This is especially driven by a large seal#gnn the score for fruit and vegetables
which is considerably smaller during summer. Thightbe due to self-production, i.e.
missing reporting, but as the lowest value of tid 14 found in May and June where there is
only a smaller amount of Danish produced vegetabiedoes not seem plausible. In
Appendix 2.C. figures for the average scores awee for each of the six recommendations
are shown. Figure 2.2 shows the distribution ofgaeel over different HEI values for each
month of the year 2002 to underpin the seasonati@n. The distributions are calculated as
kernel densities with a Gaussian kernel (Blundetl Buncan, 1998)or the clarity of the
figure only five months are illustrated. These &mauary, April, July, October and finally,
December. This clearly shows that especially irudaynthere is a larger share of the panel
having a high HEI value, while there is a much éarghare of the panel in the lower end of
the HEI scale during July. December is almost akdsaJuly. What is even more interesting
is that almost all households change over the gaaee it is the whole distribution that
moves, not only those who perform well or those whdorm badly in relation to the diet

recommendations.
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Figure 2.2: The development in the distribution othe HEI value over the year
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HEl-value, 24.5 means that all recommendations are fulfiled
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It is easier to fulfil the dietary recommendatidasone day, one week or one month than it is
to fulfil it for all months in a year. The figuré&low show the yearly average HEI values i.e.
to fulfil the recommendation in a year they havéédfulfilled each month in that year.
Studies describing dietary patterns are often basezt dietary recall or 1-2 days of food
records. So in order to be able to compare the atedmumbers with other research the
share of the panel fulfilling the recommendatiamam average month is likewise mentioned,
but not illustrated. Less than 1 per cent of thegb&ulfil all the diet recommendations in
2004 if the yearly average HEI value is calculgtéidure 2.2). This number has increased a
little bit from 1999 to 2004. To compare; 1.2 pentof the unbalanced and 1.5 per cent of
the balanced panel fulfil all the diet recommeraiatiin an average month. This is in
accordance with Patterson et al. (1994) who firad 2hper cent of the respondents fulfil the
recommendations according to the diet quality inda@sed on data from a 3-day food record.
Average scores for each recommendation are cadclfat 2004 and 1999 for each
household. Figures 2.3 to 2.5 show distributionsr @ifferent values for both the balanced
and the unbalanced panel for selected recommemndatigain due to that it is easier to fulfil
the dietary recommendation for one day, one wealermonth than over a whole year the
monthly average is mentioned in the text to compatie other studies even though it is
yearly averages shown in the figures. Only 5 peat cethe unbalanced and 6 per cent of the
balanced panel fulfil the recommendation in 200¢héf yearly average scores are calculated

as illustrated in Figure 2.3. This number has deditom 1999 to 2004. In an average month
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(not illustrated) around one third of both the bakd and the unbalanced panel fulfil the diet
recommendation of maximum 30 energy per cent fratad fat. This can be compared to
Basiostis et al. (2002) who find that 38 per cdrithe Americans fulfil the recommendations
of only 30 energy per cent from fat in a study lolase a 1-day dietary recall. There is also an
increase in the score for saturated®#ir both the unbalanced and the balanced panel.
Around 6 per cent of both the unbalanced and tkenbad panel fulfil the recommendations
for saturated fat in 2004 if the yearly averagessare calculated as illustrated in figure 2.4.
In an average month (not illustrated) around 21ceet of the households in the balanced
panel fulfil the recommendation of max. 10 energy gent from saturated fat where Basiostis
et al. (2002) find that 41 per cent fulfil the remmendations based on a 1-day dietary recall.

Figure 2.3: The development in the distribution othe score for fat
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Figure 2.4 shows the distribution for the scoredifh. In 2002 there are more households
being close to fulfilling the recommendations th@i999, but there are also more that are far
from fulfilling. This applies to both the unbalamcand the balanced panel. In an average
month (not illustrated) a little more than one dhof the panel fulfil the recommendation of 2-
300 gram of fish each week, but only 2.8 per candtl7 per cent of the balanced and
unbalanced panel, respectively, fulfil the recomdaion in 2002 if the yearly average scores
are calculated. This number has increased foratenbed panel from 1999 and to 2002, but

not for the unbalanced.

'8 Figures are shown in Appendix 2.D
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Figure 2.4: The development in the distribution othe score for fish

6.0%

5.0% -

4.0% -

3.0% -

2.0% -

Share of the panel

1.0% -

0.0%

Score, 10=recommendation fulfilled

fish_1999 balanced fish_2002_balanced
----- fish_1999 unbalanced ==fish 2002_unbalanced

Figure 2.5 shows the distribution of the panel diierscore for fruit and vegetables. There
have become more consumers having a high consumgiftiouit and vegetables from 1999

to 2004 and it seems like the households that hamfyalow consumption have moved to a
more moderate consumption. There are slightly rhoteseholds fulfilling the
recommendation of 600 gram a day in 2004 than 8919.4 per cent and 1.2 per cent of the
balanced and unbalanced panel, respectively, thiilrecommendation in 2004 if the average
scores are calculated, while around 20 per cetiteopanel fulfil the recommendation in an
average month (not illustrated). This can be coegpavith Basiotis et al. (2002) who find

that 45 per cent of the Americans fulfil the recoemaied number of servings of fruit and
vegetables (in the US the recommended level is&yain a 1-day dietary recall study. The
consumption of fibres (not illustrated) has decedashile the consumption of sugar is almost
stable from 1999 to 2062 Very few households (below 1 per cent) fulfil the
recommendation for fibres in 1999 and 2004 if therage scores are calculated, while almost
10 per cent of the panel fulfils the recommendatib@ gram of fibres per MJ in an average
month (not illustrated). In an average month 75qaeit of the balanced panel fulfil the
adjusted recommendation for the intake of sugari(lustrated), while only 7.7 and 8.4 per
cent of the balanced and unbalanced panel respctulfil the recommendation in 2004 if

the yearly average scores are calculated.

19 Figures are shown in Appendix 2.D.
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Figure 2.5: The development in the distribution othe score for fruit and vegetables
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2.4 Variation of the HEI over social and demographic variables

In this section we look at the variation in how Wdbfferent social and demographic groups
perform in relation to the diet recommendations laow their diets change from 2000 to
2004. Generally, a lower HEI value is found amamgkhouseholds, lower or non-educated
and younger age groups. This is equivalent to figslibased on the use of the USDA'’s
Healthy Eating Index (see e.g. Guo et2004; Variyam et al.,1998; Basiotis et al., 2002).
Table 2.2 the share of the panel which fulfilstlhé dietary recommendations in an average
month is calculated. On average, around 12.1 perafehe panel are found to have a diet
close to all the diet recommendations (HEI valu2ab or above, which is equivalent to
having a score of 9.2 for each recommendation),lahger cent of the panel fulfil all the
recommendations. Households with any kind of thiezaleducation seem to be more likely
to fulfil the recommendations as there are 18.4cpet of the households almost fulfilling the
recommendations. There is one fifth in the badfentiouseholds where the head has no
further education or a vocational education. Hoakkhin the capital have a much larger
share of households in the better end; 1.9 perafahe households fulfil all the
recommendations and only 12.3 per cent are indlver end. Apart from this there is a
tendency that in rural areas there are more holg®hothe lower end than in urban areas. A
clear age pattern is also seen in Table 2.2 as thare20 per cent of the younger households

are in the lower end of the scale and less thagr tent fulfils all the recommendations.
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Table 2.2: Consumers with low, middle-low, middle-fgh and high HEI values

All recommenda-

Below 17.5 17.5-19.99 20.0-22.49 22.5-24.49  tions met

All 16.6 % 35.8 % 34.3% 12.1 % 1.2 %
Education of the diary keeper

None 18.1 % 36.9 % 33.8% 10.3% 0.9%
Vocational 18.3% 37.3% 32.7 % 10.7 % 1.0%
Short theoretical 16.0 % 35.6 % 34.3% 12.4 % 1.7%
Medium theoretical 10.9 % 31.1% 37.9% 18.0 % %.0
Long theoretical 10.9 % 28.3 % 41.0 % 18.4 % 1.5 %
Regional location

Capital area 13.4 % 32.3% 36.5% 159 % 1.9%
Urban, East 15.6 % 35.6 % 35.3% 12.4% 1.2%
Rural, East 18.1 % 37.1% 32.7 % 10.9% 1.2 %
Urban, West 16.8 % 36.4 % 34.4 % 11.6 % 1.0%
Rural, West 20.0 % 38.3 % 31.8% 9.1 % 0.8 %
Age of diary keeper

Below 30 yrs 21.9% 39.7 % 31.1% 6.8 % 0.6 %
30-39 yrs 23.6 % 41.8 % 27.8% 6.4 % 0.5 %
40-49 yrs 21.1% 41.1 % 29.5% 7.5 % 0.7 %
50-59 yrs 13.0 % 32.3% 37.3% 15.1 % 1.8%
60 yrs and above 12.3 % 31.5% 38.6 % 16.1 % 1.5%

Initial analyses have been used to define eighhnyaies of households according to how
healthy they ea’ These are longer educated (medium and long fuetthecation) versus
shorter educated (no, vocational or short furtliercation), households aged 50 yrs or above
versus households below 50 years and finally clpitation versus other location. The mean
values for each of these groups are compared ireAgig 2.E. Figure 2.6 shows the
distribution of the panel over HEI values in 2004 these eight socio-demographic groups.
Three distinct groups manifest themselves in Fi@Quée These are longer educated
households above 50 yrs, who eat healthier thareiteshort educated households below 50
which eat unhealthiest of all households and a&llathers in the middle. For each age and
regional group it is clear that education mattara healthier direction and there are also
significant differences between means as showpperdix 2.E. Also age is a determinant
for the healthiness of diets. In each region andtational group older have a healthier diet
than younger and there are also significant diffees between means as shown in appendix
2.E. It is remarkable that the healthiest of thengest (the long educated) eat just as healthy
as the unhealthiest of the oldest (the short eddgathis indicates that diet habits will
worsen over time if this is a cohort effect and ybenger does not change habits as they

grow older.

%0 This analysis is seen in Appendix 2.E
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Figure 2.6: The density of the HEI value for seleetd social and demographic groups
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In the following figures the average scores in 286 shown for selected recommendations

for these eight main types of households. FiguresBows the density over the panel for the

score for fish. It is clear that the older are elo® the recommendation for fish than the

younger ones and that households in the capitajererally closer to the r

ecommended level

than households in other regions. Education doemater much for the proximity to the

recommendation for fish especially not for the oldeuseholds, for younger there is a

tendency that longer educated are closer to tf@mem®ndations than shorter educated.

Figure 2.7: The density of the score for fish in $ected social and demographic groups
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Figure 2.8 shows the density of the panel for tteesfor fruit and vegetables. Education

matters a lot with longer educated having far nfareseholds in the better end of the scale
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than the shorter educated. Location does not realyer for the proximity to the

recommendation for fruit and vegetables. Older bbokls also perform better than younger

households everything else equal.

Figure 2.8: The density of the score for fruit andvegetables, selected social and demographic groups
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From Figures 2.9 and 2.10 it is evident that thislongest educated households which are

closest to fulfil the recommendations for fat armtds. There is also a tendency that younger

eats less fat than older households.

Figure 2.9: The density of the score for fat in setted social and demographic groups
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Figure 2.10: The density of the score for fibre irselected social and demographic groups

12% < 50 Capital Short
< 50 Capital Long
< 50 Other Short
< 50 Other Long
= == > 50 Capital Short
----- > 50 Capital Long
=== ==> 50 Other Short
> 50 Other Long

10% -

8% -

6% 1

Share of panel

4% A

2% -

0%

R A A S S DL R S S SR S, PR

Score, 10=recommended

In the following figures the change in average ss@nd HEI value from 2000 to 2004 are
calculated. 2000 is chosen as the basic year gircaecessary that the households stay in
the whole period to calculate the change over {ime 961). The 10th percentile, the mean
and the 90th percentile are shown. The househafgsin 2000 determines which age group
the household belongs to. Only a minor part ofitbeseholds changes location or education.
These are deleted. Figure 2.11 shows the mean elamtEl value for the socio-
demographic groups together with the 10 per cetit thie lowest change value and the 10 per
cent with the largest change. This gives a pictdii@ which types of households diets are
improving or worsening most. There is no significaimange in means for the younger
households (the value is not significantly diffaré&om 0) while older households on average
have improved their diet. Largest decreases amdfamong the younger and especially
among the shortest educated younger household latgest improvements are found
between older households. Generally diets haveawsgk less in those groups who initially
were identified as being farthest away from th@pmemendations and improved most for
those who were identified to have the healthiest dihe changes in the scores for fish in
Figure 2.12 are rather unambiguous. The mean chamgsitive for the older and negative

for the younger households (the decline in consigngor the younger with a long education
is not significantly different from 0). Educatiordifferences are significant different from
each other in the capital, while no educationdkdénces are seen in other regions. In
general, those who are identified as consumingdgihst fish, younger and short educated have

had a large decline in consumption.
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Figure 2.11: Change in average HEI value from 200t 2004
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Figure 2.12: Change in average score for fish frorB000 to 2002
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Figure 2.13 shows the changes in the scores fitrdind vegetables. There are rather strong
regional differences. On average, there has beamcegase for longer educated households

in the capital, but this is not the case in otlegions where the mean increase has been larger
for the shortest educated. The 10 per cent of ltther dlouseholds in the capital with the

largest increase in consumption have had a comditdeimprovement. In other regions it is

the shortest educated who have the largest incnediaet and vegetable consumption.
Generally the mean changes are found statistidéfigrent from each other for educational

and age groups. Those with the largest declinemsemption are the shortest educated in the

capital and the younger in other regions.
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Figure 2.13: Change in average score for fruit andegetables from 2000 to 2004

OFruit_veg 10 percentile
B Fruit_veg Mean
B Fruit_veg 90 percentile

Change in score

Short ‘ Long Short ‘ Long Short ‘ Long Short ‘ Long
<50 > 50 <50 >50

Capital Other

Figure 2.14 shows the change in the score foiffa¢. mean shows an increase (decreased
consumption) for all types of households and thisease is significantly different from 0 for
all types of households. In the capital regionrtteman shows a significant larger increase for
the longer educated versus the shorter educatgbrire patterns are found for the mean and
the 10 per cent with the largest increase are fédondouseholds in the capital compared to
households in other regions. Generally, thereagel improvements in the diets concerning
fat than for any of the other diet recommendatidiss applies to all types of households. No
specific patterns are found for the change in toees for fibres, sugar and saturated fat.
Generally, the mean is positive in all groups fatusated fat while the mean is close to O for

sugar and negative for fibres.

Figure 2.14: Change in average score for fat from@0 to 2004
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2.5 Cross-section estimation with HEI as dependent variable

The tables and figures above describe very dettiledifferences in how well different
social and demographic groups perform accordinbealiet recommendations and show the
variation within groups. The analysis revealed thabusehold’s HEI improves with age,
education and urbanity. But as the analyses daorttol for the influence from other social
and demographic variables, these findings may ahang statistical analysis of the data
where the influence of one variable can be sepafaden the effects of other variables. In
order to isolate the effects a simple cross-sediogearly averages for 2004 is estimated.
The dependent variable, the HEI value, takes omegatanging from O t#600 . Given this
fixed range, a question may arise as to whethemmsformation of HEI is necessary to ensure
that the predicted values are also bound withim téange. This is, however, not applicable
here because there is no natural way of introduttiadimits since the HEI is a number not a
proportion, a probability or a percentage. The &égudo be estimated is as

follows:
J J M J M 5 J R
HEIn :Zaj megnj +Zzlgmj [Canegnj-'-ZZ:Bij[q Cnm) Dregnj'i_zzyrjD D]rDreguj-'_gr

(2.5)
where the HEI for the individual householiss a function of] region-specific dummies
jo (Capital,other)21, M continuous variables (nam&J (the continuous variables are
squared in initial regressions) aRdlifferent dummy variables (nam&y all crossed with a
region-specific dummy. This is in order to inveatgwhether there are systematic
differences in the effects from socio-demographiaracteristics in different regions. An
overview of the explanatory variables is presemebable 2.3 below. Since not all
households have answered the questions conceriihgeRercise habits and attitude towards
own weight and dieting practices two different vens of the model are estimated. Model 1
where the BMI questions on individual basis arepted with the household information. The

estimations are done at individual lefret 2624). Model 2 where the BMI questions are
excluded and the estimations are made at housthaltfi = 2599 . Wald tests are
performed to test for equality of parameters acregions (i.ea; = a,,B; = B, andy; =y,

in equation 2.5).

2L In the original estimations there were 5 differsgions; capital, urban east, rural east, urbast,weral west,
but there were not significant differences betwinenparameters for each of the regions outsidedpéal.
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Table 2.3: The variables used in the cross-secti@stimation of the HEI

Variable

Basis

Label

Dummy for whole-

Not in the panel the

Being in the panel fo

period stay in panel | whole period the whole period

Children No children Children 0 to 6 years Children 7 to
old 20 years old

Sex of main buyer | Woman Man Both

School education of | 7-10 years High school or

diary keeper equivalent

Further education of| None Vocational oriented Short Medium Long

diary keeper theoretical | theoretical theoretical

Number of persons | Single female Single male Couple

in the family

Occupational status| Employed Early pensioner Unemployed

Age of diary keeper | Continuous

Food expenditure Continuous

per person

Extra variables only used in model 1

BMI (only adults} Continuous

Exercise in minutés | Continuous

(only adults)

Have you changed | No Yes

your diet to lose

weight

How is your attitude | No problems with it| Ought to do

to your own weight something

1 There is a diary keeper in each household. Adigcagion and other socio-demographic variables are
registered for both the diary keeper and other nezmbf the household. The diary keeper is mostiy Hie

main buyer.

2 Occupation as pensioner is inserted only fordHmecoming a pensioner before the natural retireagn at

65 years

4. BMl is calculated

weightkg)

asBMI| =

heigh{m)* heigh{m)

3. This variable is composed of two variables, spand moderate exercise and is measured as niinetds

For some variables the effect from social and deapgc variables varies between the

capital and the other regions, as it appears ftanfibal estimation results in Table 2.4. The

dummy for being in the panel for the whole peribdws that those who stay the entire period

1999-2004 eat healthier than those who are in éinelpa shorter period of time, but this is not

significant in model 2. The presence of a maldatouseholds decreases the healthiness of

the diet since households consisting of a singlke mat less healthy than the basis (a single

female) and also households consisting of a coegitiéess healthy than a single woman.
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Table 2.4: Parameter values for a cross section @sation with the HEI as dependent variable

MODEL 1

MODEL 2

Basis: Single female, no children
no high school, no further
education, employed, female ma
buyer, satisfied with own weight,
no dieting practice, no problem
with own weight

Basis: Single female, no children,
no high school, no further
education, employed, female mai
buyer

Parameter Estimate Std Err Pr>|t| Estimate | Std Err Pr>|t|
Constant 16.1773 0.8300  <.000L 17.4754 0.2066  02.00
Dummy for whole-period stay

in panel 0.2163 0.0893 0.015"4 0.0932 0.1180 @.409
Single male -0.5241 0.2232 0.019 -0.4931 0.2233 0.0273
Spouse -0.5069 0.0821  <.000Q -0.4981 0.1354 @.000
child_0_to_6 -0.1796 0.1033  0.0821 -0.09111 0.10610.3908
child_7_to_20 -0.3124 0.0681  <.0001 -0.2895 0.16[700.0832
High_school -0.1121 0.0811 0.1673 0.0141 0.0848 867H
Edu_vocational -0.0017 0.0818  0.9838 0.042p 0.08460.6199
Edu_short_theoretical 0.1193 0.1036  0.2496 0.16940.1079 0.1168
Edu_medium_theoretical 0.2483 0.1039 0.01)7 0.35840.1087 0.0010
Edu_long_theoretical 0.4663 0.1598  0.0036 0.4708 .157 0.0028
Occupation_early_pensioner -0.1393 0.0881 0.1138 0.2160 0.0979 0.0275
Occupation_unemployed -0.1359 0.1311 0.2999 -®195 0.1378 0.1560
Age_diarykeeper_capital* 0.0160 0.0046 0.0005 102| 0.0051 <.0001
Age_diarykeeper_Other* 0.0095 0.0038 0.0124 0.0080 0.0040 0.0436
Both_buyer -0.1843 0.0766  0.0162 -0.1508 0.0855 07T®
Male_buyer_capital -0.5372 0.1486 0.0003 -0.47%0 .1248 0.0001
Male_buyer_Other -0.2411 0.2538 0.3423 -0.7488 8@¥x1| <.0001
Expenditure_pers_capital* 0.0034 0.0003 <.0001 B000| 0.0003 <.0001
Expenditure_pers_Other* 0.0043 0.0002 <.0001| 0.0044 0.0002 <.0001
Body Mass_Index* 0.1350 0.061)7 0.0288

Body_ Mass_Index_sqg* -0.0029 0.0012 0.012

Min_of exercise* 0.0000 0.0001 0.9282

Attitude_own_weight 0.1807 0.237p 0.4471

Active_change weight 0.1094 0.0597 0.0672

Adjusted R°=0.4380 n=2624

Adjusted R°=0.4157 n=2599

* Continuous variable.

The effect of being in a couple is almost as negads being a single male. This indicates that

males have a negative influence on how healthyeimale’s diet is. Small children (0-6

years) have no significant effect on how healthe/ibuseholds eat (not having children is

basis), while children 7 to 20 years old have aifitpantly negative effect. Having a high-

school education is not significantly differentrfrdhaving only 10 years of schooling (7-10

years of schooling is basis) and vocationally dedrand short theoretical education are not

significantly different from no further educatiomo(further education is basis). Medium and

longer theoretical educated eat more healthy. Eehsioners eat less healthy than those who

are employed (employed is basis) and unemployedeatless healthy, but this is not
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significant. Healthy eating increases with age thigleffect is double as large in the capital
as in other regions. Male buyers have a negatiligeince on healthiness. If both the male and
the female are main buyers, healthiness decreagem@le main buyer is the basis) and if
only the male is the main buyer healthiness deeseagen more. This effect is larger in other
regions than in the capital. There seems to béamratrong positive correlation between the
amount of money in DKK spent per person on food thechealthiness of the diet (thé iR

only equal to 0.2180 if expenditure is removed fribvm equation in model 1). This

connection is stronger in other regions than incty@tal. There is a quadratic correlation
between BMI and the healthiness of the diet. Up BMI of 23.47 the HEI is increasing then
the HEI is decreasing as shown in Figure 2.15.

Figure 2.15: The correlation between HEI and BMI fa a basic household
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The amount of minutes of exercise on a weekly basisthe attitude towards own weight (no
problems with own weight is basis) do not signifittg influence the diet; while those who
state they have done something actively to chamgiediet in order to lose weight actually
eat healthier (not doing anything is basis). If blasic household, a single woman, with no
children, fulltime occupied, only 10 years of sclig and no further education has a BMI
equal to 22, is 21 years old (the minimum age tardeholds in the panel), uses 1000 DKK a
month on food and is living in the capital she Wwi#lve an HEI value at 21.5. If she had a
spouse who were the main buyer, children abovea6syend a BMI of 30 she would instead
have had an HEI value at 20.4.These results caoinpared to the results in Variyam et al.
(1998) who have done a cross-section estimatiah@tS-HEI. They find a positive
significant influence of income, education and ageéhealthy eating. They also find that
females eat healthier than males. A positive efbétteing either part-time employed or

unemployed is also found in some of the estimationgriyam et al. (1998). The difference
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may be explained by differences in family strucsupetween Denmark and the States with
almost no women being housewives in Denmark. Int8avomen with part time or no
employment might indicate a household with a gomzhemic status. A negative and
significant effect on healthiness from BMI is afsond in the US-HEI study together with a

negative but not significant influence from haveigldren.

2.6 Discussions and conclusion

There seems to have been a minor improvement idi¢hef the Danes from 1999 to 2004,
but despite massive campaign activities from theigaauthorities still as few as 1.5 per cent
fulfil all the diet recommendations. This numbec@nsiderably larger in January where as
much as 2.2 per cent fulfil the dietary recommeiatiagtas compared to December where the
number is as small as 0.1 per cent. The bad peafacenin December is especially caused by
an excessive purchase of saturated fat and migtiid¢o traditional eating during Christmas.
There is a social gradient in obesity and othetthealated illnesses, with lower educated,
lower social classes and rural population haviteyger prevalence. The same social gradient
is found in diets since lower educated eat lesiheaompared to longer educated and
households in the capital are healthier than haaldslelsewhere. There is found a significant
quadratic relation between HEI and BMI. This indésathat the composition of diets matters
when it comes to obesity not only the amount obigas in the diet and differences in dietary
status might explain some of the social bias irsdpeFurthermore, there seems to be a rather
strong gender influence with females eating healttiian males. The male influence seems to
be stronger than the female influence since trecedffor a woman of being in a couple is
almost as strongly negative as the effect of baingale instead of female when single. This

is correlated with the BMI as the BMI for men andmen is equal at 18 years of age, but the
BMI has a steeper increase with age for men thawdmen and reverses at a higher age for
men than for women. The gender differences in hgass of diet might reflect that generally

women are more prone to react to information abeatthy eating than men.

What is even more important is that older househale closer to fulfilling the diet
recommendations than younger households. The effege is so dominating that the best
educated of the younger households are at the leaeleof healthiness as the shortest
educated of the older. Younger households also sedérave smaller improvements in the
healthiness of diets in the studied period thaemfduseholds. This is especially true for the

short educated younger population. Also the preseholder children in households seems
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to decrease the healthiness of diets. This is rati@ortant. If the negative generational effect
overrules the general improvement in healthindss will have a bad influence on future
health since the health effects of unhealthy eanegwell documented. The differences in
healthiness of diets across educational groupstmédlliect the fact that better educated
households react more to general health informdtian shorter educated households or this
might be caused by a less restrictive budget arhagiger income groups. The relation
between food expenditure and healthiness of desms to be significant in the estimations
and other research finds that lower educated ameérleocial classes are more responsive to
changed relative prices between unhealthy foodshaatthy foods. This indicates that
changed relative prices might be a solution forrioepg the diet of the least well-off. But
what explains the generational differences in h@adss? One suggestion might be to look at
the increased use of convenience food especialbpngngounger households due to time
constraints and the rather poor variety of healdnyants of this type of food. Another
suggestion might be that young households lacklkhks of cooking. The findings in this
paper give no answer to these questions and nt@ulbut this might be an important route

of further research.
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Appendix 2.A: Detailed description of the diet recommendations
This appendix gives a detailed description of tfieial Danish diet recommendations and

discusses its relation to alternative ways of defjra healthy diet.

Ad 1) Eat 600 g. of fruit and vegetables

Fruit and vegetables contain vitamins, mineralges and a lot of other healthy nutrients. On
average, Danes eat almost 400 g. a day. This numalsdoeen rising during the last decade,
but it is still too low and has been stagnatingrtyithe last couple of years. What is even
more important is that one out of four eats less1th00 g. a day (Astrup et al., 2005). An
increase in the consumption of fruit and vegetabidlseduce the prevalence of
cardiovascular diseases (Ovesen et al., 2002) amzec (Key et al., 2004). In the relation to
obesity a meal where fruit and vegetables substdthier forms of food will decrease the
prevalence of obesity (WHO, 2004).thre healthy eating pyramiay Walter Willets fruit and
vegetables are amongst the foods in the bottomyingpthat a large intake is recommended
(Richelsen et al., 2005).

Ad 2) Eat fish several times a week

Fish contains healthy fish oils (omega-3 fatty af@hd among others vitamins and minerals,
in particular vitamin D, iodine and selenium (Agtret al.,2005). Danes eat too little fish
since only about 15 per cent of the populationtearecommended 30 g. a day, and
consumption is decreasing (Fagt et2003). A rise in the consumption of fish implies a
decrease in cardiovascular diseases as e.g. ischeanit disease (Andersen et al., 2003). In
relation to obesity fish contains relatively litflet so to substitute a meat meal with a fish
meal will improve the general diet. It is recommeddo eat a variety of fish types. The
recommendation about eating fish is also givemé@healthy eating pyramidy Walter

Willets (Richelsen et al., 2005). The data on frigsih in the GfK data are missing from
January 2003 and onwards and the data on procksksdcbm July to December 2002. The
purchase of fish is therefore approximated basegestimated intakes for the missing data
periods (See Smed, 2008).
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Ad 3) Eat potatoes, rice, pasta or brown bread g\zy

Potatoes, rice, pasta and bread contain carboleginatamins, minerals and fibres. Danes get
around 48 per cent of their energy from carbohydrathe consumption of bread and cereals
is decreasing, while the consumption of potatoashieen stable between 1995 until today
(Fagt et al., 2003). According to the official dretommendations a diet containing 50-60 per
cent of total daily energy intake from carbohydsatgll protect against cardiovascular
diseases by lowering the intake of fat. This i® d@lge reason why a carbohydrate containing
diet is said to prevent obesity. Fibres are knowviower the incidence of several types of
cancer. The consumption of potatoes, rice, pastamuite bread is controversial since the
healthy eating pyramid by Walter Willett recommeiadswer intake of “fast” carbohydrates.
These are rice, potatoes, pasta and white bredH.tBe official recommendations and the
healthy eating pyramid recommend the intake of lorbvwead compared to white bread (and
whole grain flour compared to white flour) and #hé consensus that fibres are necessary in
a healthy diet (Astrup et al., 2005; Richelsenl.e2805). Since there are different opinions

on the consumption of carbohydrates it is chosdytorfocus on the consumption of fibres.

Ad 4) Reduce the consumption of sugar — espedialty soft drinks, sweets and cakes
Sugar contains energy, but not any vitamins or miseThe Danes eat too much sugar;
children get on average 14 per cent of their en&ay sugar, and around 80 per cent of all
children get more than the recommended maximun®qfet cent. The average adult person
gets 9 per cent of total energy from sugar, whichalow the recommended level, but 40 per
cent get more. Most of the sugar comes from safikdr sweets, chocolate and cakes. A
decrease in the intake of sugar is especially recended in relation to obesity and diabetes
(Mglgaard et al., 2003).

Ad 5) Reduce the consumption of fat — especiallyated fat

Meat and dairy products contain fat, especiallyrsdéd fat. The Danes have reduced their
intake of fat during the latest years. From 19930601 the total intake has decreased from 39
per cent of total energy intake to 35 per cenafitults and from 35 per cent to 34 per cent for
children. About 15 per cent of total energy intakenes from saturated fat (Astrup et al.,
2005). The recommended level of saturated fatasalmaximum of 10 per cent of total

energy intake must come from saturated fat. Themeeendation for total fat is at least 25
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per cent, but no more than 30 per cent (Nordiskidtnr&d, 2004¥. The lower bound is to
ensure a sufficient intake of essential fatty aeaidd fat soluble vitamins. A reduction in the
intake of fats (and especially saturated fat), Whécabove the recommended maximum level,
can reduce the incidence of cardiovascular dise&sgs$s also important in relation to obesity
since fat is very energy dense compared to othteients. Also the probability of getting
diabetes increases as the intake of especiallyadatufat increases. According to the healthy
eating pyramid by Willets a liberal consumptioritod so-called healthy fats is recommended
together with a low consumption of saturated fatss is not in accordance with the Danish
recommendations where there is an upper limiténtdbal consumption of fats. We choose to
include a maximum level of 10 energy per cent &dugated fat and a maximum level of 30
energy per cent for total fat, following the recoemdations from the Danish Ministry of
Family and Consumer Affairs. As there are very fewseholds going below the lower limit

of fat consumption on average the lower level istaken into account in the HEI.

2 some sources recommend 25-35 per cent of dailggietake from fat instead of a maximum level 6f 3
We have chosen to focus on a maximum level of 3@eet.
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Appendix 2.B: Food eaten away from home

As the data used for constructing the HEI only conéhouse consumption of foods, it is
necessary to state a set of assumptions aboubtheasition of food eaten in canteens,
restaurants and fast-food outlets. In general,itkee rising share of food purchased and
eaten away from home, most of the food in Denmsadonsumed at home and food
consumed at different times of the day is almostased nutritionally equal. The following
tables are based on a survey on the dietary hattiitee Danish population based on a 7-day
dietary registration with fixed answering categsri€herefore, this survey also covers food
eaten away from home. The results from this stimbysthat 17 per cent of the respondents
eat in canteens (work related) more than 20 timesiath, 10 per cent of them 5-20 times a
month and 73 per cent less often. 83 per centeftgnt and 75 per cent of woman frequent
grill bars, cafeterias and restaurants, respegtiVess than once a month, while the same
numbers for men are 62 per cent, 60 per cent aq62ent (Groth and Fagt, 2003). The
largest part of food eaten away from home is tlieee€onsumption in canteens related to
work and this only in a limited amount. The distilon of energy intake over the day for
various age groups is shown in Table B.1 belownBiraccounts for a little more of energy
intake than the other meals for individuals abdweeage of 18 and in-between-meals cover a
relatively larger shares for younger individualsit Benerally, there are only minor

differences between the energlyares from different meals for various age groups.

Table B.1: Distribution of energy intake over meals

Age
0-6 | 7-14| 1514 19-24] 25-34\935-44| 45-54| 55-64| 65-74| 75-80
Energy
Breakfast 20 19 16 17 17 18 19 19 20 19
Lunch 22| 20| 19| 20| 19| 18 19 19 19 1B
Dinner 29 | 32| 33| 33| 39| 39 40 39 40  4p
In-between 30| 20| 32| 29 26 23 24 21 21 20

Source: Groth et al. (1999).

The following figures are a bit different since yhghow the energy share from fat over
different meals for various age groups, i.e. inl€&h2 an energy share of 32 for breakfast
for the 19-24-year-olds means that 32 per certt@energy consumed for breakfast for this
age group comes from fat. There is not much vamat the energy share from fat over the
day even though a little more fat is consumed dudimner than the rest of the meals.
Looking at the energy share from fat for various ggpoups shows that the eldest (above 64
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yrs) eat a fatty breakfast while younger childreé Years of age have lunch and dinner which

contain more fat than average.

Table B.2: Percent of total energy intake from fafat various meals

Age
0-6 | 7-14| 1514 19-24 25-34\935-44| 45-54| 55-64| 65-74| 75-80
Fat
Breakfast 32| 30| 29/ 32| 35 3¢ 3% 35 3 38
Lunch 38| 34| 34| 35| 37/ 37 3§ 38 37 36
Dinner 41| 39| 39| 39| 40| 40 39 49 40 39
In-between 30| 32| 29| 28/ 3] 32 31 31 3B 32

Source: Groth et al. (1999).

More differences are seen in Tables B.3 and B.4vsttpthe energy shares from

carbohydrates and added sugar. Here the eldesbineaiefast and lunch with fewer

carbohydrates than the average. The distributiaddéd sugar is equal across age groups

unless for in-between-meals where the young (wgatty 30s) get more than 22 per cent of

their energy from sugar.

Table B.3: Percent of total energy intake from carbhydrates at various meals

Age
0-6 | 7-14| 1518 19-24| 25-34|g35-44| 45-54| 55-64] 65-74] 75-80
Carbohydrates
Breakfast 54| 57| 56| 53 50 49 50 50 45 48
Lunch 49 | 52| 50| 49| 47| 48] 45 42 41 4p
Dinner 42 | 43| 41| 39| 37| 35 34 33 36 3B
In-between 63 60 55 52 52 5( 5 51 53 52

Source: Groth et al. (1999).

Table B.4: Percent of total energy intake from adde sugar at various meals

Age

0-6 | 7-14| 1519 19-24| 25-34| 35-44| 45-54| 55-64] 65-74] 75-80

Added sugar

Breakfast 7 9 8 7 6 7 8 8 8 9
Lunch 6 9 10 9 4 4 5
Dinner 9 9 7 6 4 6
In-between 26 27 25 24 22, 18 16 1y 17 17

Source: Groth et al. (1999).
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In this paper it is generally assumed that indiglduhaving lunch outside home in canteens
(as compared to bringing a lunch bag) compose theal nutritionally more or less equal to
their consumption at home. This is based on theakables. Furthermore, it is shown in the
literature that 41 per cent of the Danish househeht breakfast together and 81 per cent eat
dinner together (Groth et all999). Based on these tables and numbers itusressthat
individuals belonging to the same household complusie meals (in energy shares) more or
less equal. A more refined way to cope with the fiaat it is individual consumption which
counts, but household data that are in hand, wioail use the method developed by Andrew
Chesher which uses non-parametric regression tottneonsumption and thereby jump from
household data to individual consumption (Chesh@99). It is chosen not to use this

approach here.
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Appendix 2.C: Decomposition of the HEI value
Figures C.1 to C.3 show the development over timé@e scores for each of the

recommendations for both the balanced and the anbeti panéf.

Figure C.1: The development in the scores for fatral fibres
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Figure C.2: The development in the scores for satated fat and fish

10
ke
(]
: 97
e
c
Rl
©
©
c
(0]
€
€
(o]
[8)
o
1
o
—
)
o 5+
[8)
0
4 44—+t
Q,Qv (\00 (\/0'\/ (\/0'1/ «Q’b «Qb‘
4 4 & & A4 &
Fat - Balanced Fat - Unbalanced === TFish - Balanced - ---- " Fish - Unbalanced

%3 The unbalanced panel consists of all househoig®ting purchases between January 1999 and Decembe
2004. The balanced panel is the households whizipated all six years
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Figure C.3: The development in the scores for sugamnd fruit and vegetables
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Appendix 2.D: Distribution of the scores for each recommendation
The distribution of the average individual scor@sdaturated fat, fibres and sugar averaged
over 1999 compared to 2004 for both the balancedtamunbalanced pariél

Figure D.1: The development in the distribution ofthe score for saturated fat

9.0%

8.0% -

7.0% A

6.0% -

5.0% A

4.0% -

3.0% A

Share of the panel

2.0%

1.0% A

0.0%
Score, 10=recommendation fulfilled

‘ sat_fat_1999 reduc sat_fat 2004_reduc - - - - - sat_fat 1999 full e=————sat fat 2004 _full

Figure D.2: The development in the distribution ofthe score for fibre
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Figure D.3: The development in the distribution ofthe score for added sugar
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Appendix 2.E: Differences in the performance of social and demographic

groups

The density of the HEI value averaged over 2004/&vious types of households is shown in
details in Figures E.1 to E.3. All figures are lthea the unbalanced panel. Here we have the
average performance over a year for each housemnedahing that fewer households than
shown in Table 2.2 fulfil the recommendations. @tgrwith Figure E.1 the distribution for
educational groups is shown. The distribution founseholds where the diary keeper has no
further education, vocational or shorter theorégchucation is pushed towards the left

compared to households where the diary keeper lbdgum or longer theoretical education.

Figure E.1: The density (eft) and cumulative density (ight) for the HEI value for different educational
groups
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The density for households located in differeniaoeg of Denmark is shown in Figure E.2.
The capital area is pushed towards the right. leanbre, there is a small tendency that
urbanity increases the share of the panel in thierbend of the scale. In the lower end a

capital, east and west grouping is found.
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Figure E.2: The density (eft) and cumulative density (ight) for households located in different regions
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Finally, the density for various age groups isyniet in Figure E.3. The density for
households 60+ and 49-59 years follows each otbhsely and is pushed towards the right.
There is not so much difference in the number afsetolds located in the better end for the
remaining households. Households where the hdaelasv 30 years are more likely to be in
the lower end. This is to some extent also the fdeouseholds 30-39 years old.

Households 40-49 years follow their own path.

Figure E.3: The density (eft) and cumulative density (ight) for households with different age
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Table E.1: Comparison of means for different groupof consumers

Comparison of young versus old

HEI value | Fat Sat_fat Fruit and viégore Fish Sugar
Diff t-value |Diff t-value |Diff t-value Diff t-value |Diff t-value Diff t-value Diff t-value
CapitalShort|-0.99 -27.610.16 7.07 0.05 3.04-1.01 -20.73-0.03 -1.07-2.74 -57.23 0.13 11.91
Long|-0.92 -12.220.31 7.14 0.12 4.06-1.27 -12.130.06 0.82-2.38 -23.36 0.03 1.45
Other Short/-1.24 -16.890.08 1.7Q 0.02 0.7Q0-1.57 -15.33-0.08 -1.17-2.62 -25.56 -0.01 -0.3§
regionsLong|-0.88 -8.800.20 3.44 0.03 0.88-1.06 -7.030.15 1.54-2.51 -17.04 -0.01 -0.27
Comparison of long versus short educated
HEI value | Fat Sat_fat Fruit and viggore Fish Sugar
Diff t-value |Diff t-value |Diff t-value Diff t-value |Diff t-value |Diff t-value Diff t-value
<50 |-0.68 -10.27-0.28 -7.86-0.18 -6.96-0.93 -10.39-0.48 -8.31-0.22 -2.3§ 0.01 0.45
Capital >50 | -0.61 -11.89-0.14 -4.26-0.11 -5.14-1.19 -16.54-0.39 -8.340.13 2.15 -0.09 -5.02
Other <50 |-0.83 -8.65-0.52 -8.77-0.18 -4.67-1.08 -7.66-0.70 -7.42 0.07 0.45 0.02 0.94
regions>50 | -0.48 -6.11-0.40 -8.19-0.17 -5.51-0.56 -4.82-0.47 -6.50 0.18 1.8 0.02 1.01
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Chapter 3

Valuation of health

Sinne Smed
AKF
(Danish Institute of Governmental Research)
Copenhagen

Abstract

In this paper consumers’ valuation of health andmaitritional characteristics as e.g. taste
and quality are estimated in a hedonic price modlak results show the importance of
removing individual heterogeneity and to contraltlee valuation of non-nutritional
characteristics in the estimation. Consumers’ vélwaof health is estimated in six
dimensions each representing one of the officialiBtadiet recommendations. Consumers
are found to value some elements in the healtloweaositively and others negatively with the
overall conclusion that consumers have preferefmesnergy dense foods. A positive
correlation between the valuation of health and\takiation of the non-nutritional
characteristics are found indicating that consumeitber have a general high valuation of

all the characteristics in food or a low valuatiddnder certain assumptions, the implicit
price of the characteristics estimated in the hadomodel can be interpreted as exogenous.
Using this, a positive correlation between healdss of diets and expenditure is found,
suggesting that cost might be a barrier, for sormedeholds, to change towards a healthier
diet. Cost might especially be a barrier for incsgay the consumption of fruit and vegetables
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Introduction

The comparison of official diet recommendationgwattual Danish dietary practice shows
that many people fail to eat according to the rebemdations (Smed, 2008) despite well-
documented health consequences of not doing soufst al. 2005). Furthermore, there are
large differences in dietary performance betweamnasand demographic groups and
observations of dietary changes over time indidaeéthis bias will increase (Smed, 2008).
Lack of knowledge seems not to be the main reasombst households to the absence of
healthy dietary patterns since extensive recogniticthe dietary health messages has been
documented (Pedersen and Kjeer, 2007; Holm et@2;2Astrup et al2005; Struktur-
direktoratet, 2000). Since the recommendationkiaogvn, at least passively, it is important
to understand if there are other possible bart@mnprove diets. The relative prices between
healthy and unhealthy foods or a restrictive budgestraint are some suggested barriers to a
change towards a more healthy diet (see e.g. S208d, et al.; Darmon et aR002;

Lennernas et gl1997; Adelaja et al., 1997). Another suggestedasgtion is that consumers
simply prefer energy dense foods due to, that aiesuh times, when food environments were
uncertain, the best surviving strategy was to buddodily fat in order to survive the next
period of food scarcity (Drewnowski, 1995; Bircl®9B). Today, food in highly industrialised
economies is no longer scarce and the productibigidy efficient leading to lower food
prices and high availability of processed and pepared foods. According to this
explanation, overeating is just a manifestatiotheffundamental mismatch between modern
environments and ancient times, in which prefersificeeating evolved (Smith, 2002a,
2002b; Yanovski, 2003). This means that consunmensadern societies often face a trade-off

between preferences for taste and convenienceeoonth hand and health on the other.

The objective of this paper is to estimate conssimaluation of health characteristics and
valuation of non-nutritional characteristics (dagte) in food. To find the values consumers
attach to food characteristics a hedonic price risdestimated, where six different health
characteristics and three non-nutritional char#sties are treated as inseparable parts of an
entity, the total diet. Furthermore, under cer@ssumptions the implicit price of the
characteristics estimated in the hedonic modebeaimterpreted as exogenous. Under this
assumption the hedonic prices can be used to fgehnd healthier diet costs more and
thereby whether budget and prices might be a doveards healthy eating. The dataset used
for the analysis in this paper is unique sincemmbines nutrition information with prices and

expenditures at household level and follows theeshauseholds over a long period of time.
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The contributions of this paper are therefore twayféirst, due to richness of our data it is
possible to control for individual heterogeneityahe influence of taste for non-nutritional
characteristics in the estimation of the valuatbhealth and secondly, it is possible to

follow the valuation of the health characteristie®r different types of consumers.

The remainder of the paper is organised as foll@&estion 3.1 describes the theory of
hedonic pricing. In Section 3.2 we compare theltestom a model based on panel data with
an existing model based on cross-section datedier@o infer the importance of removing
individual heterogeneity. This implies that theirastion in this section is based on a fairly
restrictive version of the final model. In the neettions some of these restrictions are
relaxed one by one. Section 3.3 relaxes the assumgftlinear marginal utility of
characteristics and the costs of a healthy dietal@ilated for the average consumer. Section
3.4 relaxes the assumption of equal valuation aftheind non-nutritional characteristics

over households and the valuation of health ovéerént types of consumers are compared.

Section 3.5 contains a discussions and concluditmreaper.

3.1 The theory of hedonic price models

The following section explains the theory of heaqgmiicing, which is used to determine
consumers’ valuation (implicit prices) of healthacacteristics in food. The theory of hedonic
pricing has mostly been applied to durable goodsjdrecently applied to aggregate
categories of foods (e.g. Lenz et al., 1994) add/idual food categories (e.g. Shi and Price,
1998). Recently, Ranney and McNamara (2002) iffermplicit market valuation of dietary
quality from the total expenditure on food. The litipvalues of the health characteristics (or
implicit prices) are estimated holding constantabiger factors that affect food expenditures.
The approach here follows Ladd and Zober (197 Mzlet al. (1994), Shi and Price (1998)
and Ranney and McNamara (2002). Like these papersowsider only demand-side
interactions (contrary to Rosen, 1974), since tiokvidual consumer is assumed not to be
able to affect the price, nor the health charasties of each foo& A consumer purchases a
vector ofJ (running indeX) foods. Letg denote the vector of purchased food quantities. A
household is assumed to derive utility from hediffipherent in this foodthe non-nutritional
characteristics of food), and expenditure on non-food goowsln the following derivation

%> On a long-term basis consumers might be ablefiioeince the health characteristics of food duéieo t
introduction of new products caused by demand &ff@xs e.g. low fat dairy products), but this efisassumed
to be of minor importance in the time span congiddrere.
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of the hedonic price equation the subscript of Bbo&in is suppressed due to ease of

notation.

U=u(g h yQ) (3.1)

Q is a vector of social and demographic variablesatterising each household and

y = X, — pqwhere X, is total expenditureg is a vector oM (running indexm) non-

tot tot

nutritional characteristicg = ( g,,...gy ) , Which is a function of the actual amount of foods

purchased).

g=9(q) (3.2)

The health associated with the purchase of foodsisiction of the vectoe = (z,...,z,)

describing the content of each of th@gunning index) nutrients in food. This is a function of

the actual amount of foods purchasgd,
h=h(z(a)) (3.3)

The connection between the amount of nutrientstla@dood purchased is assumed to be
described through a linear function, the technologyrix A.

Health—-characterstics

1 .00 ..o
1 (a, & &y
A= goods| - S (3.4)
] ajl cee aji .. ajl |
'J a.]l aJi a.]l

We assume constant return to scale and that ckasticts is additive over goods i.e.

z= A ¢. This implies that total amount of fat consumethis sum of the contribution of fat
from each of the foods consumed and that the amaidat consumed from e.g. two litres of
milk is the double of the amount of fat consumemxirirone litre of milk. The\ matrix is
assumed constant over consumers, to have full ertkto have at least as many goods as
characteristics. Together with health the consypoechases non-nutritional characteristics

(like taste). The connection between the amounbofnutritional characteristics and food
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purchased is assumed to be described through &mBatg = B' g, also assumed to be

constant over consumers, to have full rank and haleast as many goods as characteristics.
non—nutritional —characterstics
1 ... m ... M
1 (b, - b, - by,
B = goods : -
i by e by e by,

J \b, - b, - by, (3.5)
There is substantial empirical evidence that pegfees for food can be viewed as separable
from preferences from non-food items (e.g. deJarb®g6). This assumption is maintained
throughout this paper. Furthermore, we assumethieaitility of consumption of non-
nutritional characteristics of food is additivelyparable from the utility of the consumption
of the health characteristics, which is a condifmnthe possibility to isolate the two effects
from each other. This implies that (3.1) reduceth&ofollowing utility function:

U =u,(g/Q)+u,(h) (3.6)
If (3.2) and (3.3) is inserted in (3.6), utilitydefined as:
U =u, (9(@)Q)+u, (=)o) (3.7)

As an example, imagine a world of two goods; sayet@bles and meat, and two charac-
teristics; “taste” and “health”. We assume vegedalare high in health and low in “taste” and
that the opposite applies to meat. A consumer, ugss his whole food budget to buy only
vegetables, will get a high amount of “health” anbw amount of “taste” as illustrated in
Figure 3.1. If he uses the whole budget to buy omiat he will get a low amount of “health”
and a high amount of “taste”. The possible bundfesharacteristics to purchase within the
same budget are characterised by the straighttineecting the endpoints for the vegetable
line and the meat line in Figure 3.1. When the oamer maximise his utility function subject

to a budget constrainp,q < X , wherep is prices of goods andlis the budget for foods, he

gets the optimal amounts of “healttt; and “taste”,g".
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Figure 3. 1: Example of preferences and the budgebnstraint over characteristics

Health ‘P

Vegetabli

D >
g Taste

If consumers maximise the utility function (3.7)arworld ofJ goods and+M characteristics

theJ first order conditions are:

5 )+ AT ela) 7 - Fop, =0 @8)
ou ou ,y0h
_ '=ag([)]Dag( +0|‘1([)]02([)]Daz ([)]
j @([)] 0q, @([)] oq
0X 0X

(3.9)

The derivativesaa—Z and:—g (i.e. the amount of health and of non-nutritioctaracteristics
q; q;

in one unit of fooqd) are described through the elements in the teolgyahatricesA andB,
a; andb,, . The marginal utility of the budget is defined éasu— Following the traditional
oX

theory of hedonic pricing and holding constantrtreginal utility of the budget over time
and households (see e.g. Lenz etl&194; Ladd and Zober, 1977; Ladd and Suvannufi)19
ou (y 0h
o050

the implicit prices of the health characteristizs, can be defined asT' = MRS

X

(marginal rate of substitution) between expendiamd the health characteristics. The implicit
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price of the non-nutritional characteristics (eagte) of food consumption,,, is defined as:

ou ([)]

%9,
ou
oX

The assumption of keeping the marginal utilityleé budget constant is restrictive, but

= MRSbetween non-nutritional characteristics and exgengli

perhaps not totally unrealistic when applied oreeessity like food (the budget share used on
food is slightly falling in Denmark when incomeiigreasing) compared to using the
assumption in relation to luxury goods or in anotteuntry where a larger share of the

budget is used on foods.

Due to (3.9) the price of fogdcan be divided into a price paid for the non-niamial
characteristics inherent in that food and a prae for the health characteristics. If there are
no restrictions on functional form the implicit gei of the health characteristics and the
implicit price of the non-nutritional characteregtiwill both be functions of the amount of
characteristics purchased and depend on socialemdgraphic variables as in (3.10) below
(the equation is here expressed by subscriptsdiesdholch in order to specify which
variables are dependent on individual househol@dbhas).

P =2 Tanl0(6)2,) 1By, + X (e, .10

If the J first order conditions (3.10) are inserted in tluelgpet constraint (the final first order

J
condition X, = Z Py [l ) We get the following equation:
j=1

Tnmt(qun)[bjm +2n—nit (qrzn)ljiji jqnjt (311)

Xnt = zzrnmt(qrzn)mjm |]:1njt +zznnit (qrzn)ljiji mnjt (312)

j=1 m=1 j=1i=1

J J
Sinceijm (Ot = G andZaji [, = Z,; due to the assumption of additivity of nutrients
j=1 J=1

across goods (3.12) reduces to:
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Xee =33 112, ) B+ 23 7, (02, 2 (3.13)

j=1 m=1 j=1i=1

This means that total outlay on foods for householat timet is a function of total outlay on
non-nutritional characteristics (the implicit prscef non-nutritional characteristics multiplied
with the amounts of each of the non-nutritionalrelsteristics bought) and total outlay on
health characteristics (the implicit prices of tiealth characteristics multiplied by the amount

of each health characteristic).

In the two goods two characteristics setting thisqual to:
xnt = (Tn,taste |])lm + nn,health |]3‘:“ )mnlt + (Tn,taste Eme + nn,health |]3"2i )ngI

0

3.14
Xnt = (Tn,taste |]:]nt ) + (ﬂn,health |1nt) ( )

Figure 3.2 shows a geometric illustration of equa(i3.14). Changed prices of vegetables and

meat, everything else equal, will lead to a charglede on the budget restriction and thereby
changed realisations of the optimal amount of helalth™, h™ and tasteg”, g™, g™". With

enough realisations this will reveal the parametétbe utility function.

Figure 3. 2: lllustration of the effect of changedood prices on optimal consumption

Health 4

Vegetable\
1
1
hED ,

O
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gED gIj gﬂﬂ Taste
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3.2 Comparison of a panel-data model with a cross-section model

Estimations of hedonic price models are commongedaon cross-section data, while the
data used in this paper have the feature of beanglpdata. This allows for taking the issue of
individual heterogeneity into account. In this gatia fairly restrictive version of the final
model is estimated in order to make the model coaipa to the model developed by Ranney
and McNamara (2002) based on cross-sectional @laése restrictions are relaxed one by
one in the following sections. In this section vesume thaa) the valuation of the health

characteristics is the same across consumer gr@upg, = 77y =........ =T, b) the
valuation of health is stable over time i7;, = 77,, =........ = IT,;r , and finallyc) the

valuation is independent of the level of consummptibhereby (3.13) reduces to:

M

X =Zrm(9n)tgnmt+_'2m (2o (3.15)

m=1

Furthermore, following Ranney and McNamara (2002)gdart of expenditure used on non-
nutritional factors is assumed to be constant twex and dependent on social and
M
demographic variables, |§ T, (Qn)Etgnmt =Q, . This is a rather restrictive assumption, but
m=1
the reason to follow this approach is to make #iglale to test our extended model with an
existing model. The model to be estimated is then:

|
Xnt = Qn +Z77|' &nit +£nt (316)

i=1

This version of the model is equivalent to assumeszkity in both the non-nutritional charac-
teristics and in the health characteristics (assgrtiiat the implicit price of health and non-
nutritional characteristics are independent oflétvel of consumption). Here this also implies
homothetic preferences. A problem in this spedifocais individual heterogeneity. If the
social and demographic variables do not covendividual heterogeneity equation (3.16)
will look like (3.17). This will result in biasedgpameters since unobserved non-nutritional
characteristics then will be correlated with theick of health characteristics as pointed out
by Bartik (1987).
|
Xo =Q, + D7 [ +17, + £, (3.17)

i=1

83



To solve this problem the function can be estimatdist differences. To the extent that the

social and demographic variables are assumed ¢oristant over time the equation will

reduce to:

|
AX e = Z T, (A7 + Agy,
I

(3)18

When estimating (3.16) and (3.18) total expenditsiieserted as expenditure per peféon

per month in order to make households of diffesgrgés comparable. The amount of health

purchased is approximated through the compositidheodiet i.e. the energy shares for total

fat, added sugar, fruit and vegetables, fish, fdmwd saturated fat are inserted on the right

hand side. Each of these foods and nutrients areresd important for a healthy composition

of diets and have a recommended maximum or minimomsumption due to the official

Danish diet recommendatidisThe model is estimated in levels and in diffee=nand the

results are compared. This part of the model ig estimated for 2004 since this is the only

year with data for Body Mass Index (BNMfi)Yand questions concerning attitude towards own

weight, exercise and dietary practice. Most ofgbeial and demographic variables are

inserted as dummies except age, BMI and numbehilafren, which are treated as continuous

variables. The variables included in the final nlate shown in Table 3.1. Insignificant

parameters are removed.

Table 3. 1 Variables included in the estimation

Variable

Basis

Label

Sex of main buyer

Woman

Man or both

Further education of
diary keeper

No further education or
vocational oriented

Short theoretical

Medium or long theoretical

Geographical location | Rural Urban Capital
Number of persons in th{ Single Couple

family

Have you changed your | No Yes

diet to lose weight

No of children 0-6 years| Continuous

No of children 7-20 year{ Continuous
Age of main buyer Continuous
BMI (only adults) Continuous

% This variable is calculated using the OECD constionpunit equivalence scale. On this scale, that &idult is
given a weight of 1.0 and all other adults a weijt@.7. Children get a weight of 0.5 (for detadeg Atkinson,

1995, pp. 80-81).

%" In the final versions of the model these are teed into a direct measure of health through aesco
calculating how close the individual householdsfese fulfiling the dietary recommendations. Sedole

28 BMI is calculated from questions on height and \eignd is defined adBMI =

weightkg)
heigh{m)* heigh{m)
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The estimation results are shown in Table 3.2.

Table 3. 2: Parameter values from the estimation ahe hedonic price equation

Model in level, year 2004| Model in differences, year 2004
(equation 3.16) (equation 3.18)

Parameter Estimate Stderr. Pr>|t Estimate  Std err. Pr>|t|
Constant 51.63 24.32 0.0338

Age of main buyer 13.46  0.72 <.0001

Age of main buyer squared -0.11 0.01 <.0001

Main buyer short theoretical education 8.21 4.24 0.053

Main buyer medium or long theoretical educatipn 449. 3.59 <.0001

Couple -205.69 3.39 <.0001

Male or both is main buyer 14.61 3.25 <.0001

Capital area household 60.57 4.04 <.0001

Urban household 3.62 3.31 0.2734

No of children below 7 in the household -75.36 6.10 <.0001

Children between 7 and 20 in the household -98.63 5.29 <.0001

Main buyer is dieting 19.22  3.02 <.0001

BMI of main buyer 1.28 0.31 <.0001

Fat -112.21  26.10 <.0001 -3.93 21.82 0.8572
Fibres -5741.77 383.60 <.0001| -4380.60 356.60 <.0001
Fish 2173.11  87.13 <.0001 1649.22 66.79 <.0001
Sat_fat 795.40 51.26 <.0001 527.09 42,93 <.0001
Sugar 121.28 24.84 <.0001 142.07 20.93 <.0001
Fruit Veg 4464.41  49.34 <.0001 4381.85 51.10 <.0001

R>=0.4728 R=0.3171

The results show that food expenditures depenaoialsand demographic variables.
Expenditure on food increases with age until the@g61 and then decreases. Households
with a longer or medium length theoretical edugaspend 49.41 DKK more per person per
month on food than a household with no further atlon. Other types of education have no
significantly effect on expenditure. Capital locatiincreases expenditure by 60.57 DKK per
person per month compared to other parts of thatepuCouples and households with young
children use 205.69 and 75.36 DKK less per monttppeson, respectively, which we
assume are due to economies of scale in the hddsdtmse who have taken action to
reduce their weight also use more money on foo®@LBKK per person per month).
Expenditures are increasing with BMI (1.28 DKK @1 unit). A household where the male
is main responsible for shopping or where both stopgally often also spends a little more on
food than households where the female is the nteper. The question is whether these

social and demographic variables cover all indigicheterogeneity. Equation (3.18) is
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estimated in differences, differentiating out alividual heterogeneity, leaving only the
implicit prices for fulfilling the dietary recommeations to be estimated. Comparing these
implicit prices estimated in levels with the samséreated in differences show parameters of
equal signs, but different magnitudes. ConsumdrgeMash, saturated fat, sugar and fruit and
vegetables in the diet positively, while the fatl dibres are valued negatively in both models
(the parameter for fat is insignificant in the mbidedifferences). A Wu-Hausman test for
exogeneity gives the value 369 with 6 degreesesfdom proposing that the null hypotheses
of no correlation between the unobserved non-mutiad characteristics and the health
characteristics are rejected (this means thatdblsand demographic variables do not cover
all individual heterogeneity) and the model in @ffnces is the most convenient model of the
two suggested. This emphasises the possible rigktihg biased parameters in the
estimation due to unobserved heterogeneity. Theeirindhis section was based on rather
restrictive assumptions. In the next sections veetiis model in differences and relax some of

these assumptions.

3.3 The cost of a healthy diet, the average consumer

In this section we release the assumptions thatghmtion of characteristics is independent
of the level of consumption, and that the amouetlusn non-nutritional characteristics is the
same over time. The first part of this section dbss the changed assumptions and empirical
considerations concerning the estimation of atdessictive version of (3.13) while the last
part is devoted to the results. The assumptioesjoél valuation of the health characteristics
and the non-nutritional characteristics across wores groups are retained in this section

(l.e. 7y, =71y =....... =73, ) and that the valuations are stable over time
(.e. 1y, =7, =........ =7T,; ). But the valuations are allowed to depend ondtiel of

consumption thereby (3.13) is expressed as:

xnt :irm(gm)@nmt-l_zm(zi)&nit (319)

m=1 i=1

Again total expenditure for each household on dfiehland side is inserted as expenditure per

persori® per month in order to make households of diffestres comparable. The health

% This variable is calculated using the OECD consiionpunit equivalence scale. On this scale, the fidult is
given a weight of 1.0 and all other adults a weigf?.7. Children get a weight of 0.5 (for detadsee Atkinson,
1995, pp. 80-1).
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characteristics; , i.e. energy shares for total fat, added sugait, &nd vegetables, fish, fibre

and saturated fat are inserted on the right hatel #n the final results the energy shares are
recalculated to represent health through a heatitesmeasuring how close the households
are from fulfilling the dietary recommendations,iahis easier to interpretable in terms of
health (See below). Furthermore we assume thaiarteof total food expenditure used on
non-nutritional characteristics consists of a parich is household specific and another part

which depends on the level of non-nutritional clegastics consumed:

M

X pon_nutnt = 2o Ton(Gm) Bome + 77 (3.20)

m=1

The household-specific part might be due to thatesbhouseholds like buying foods in more
expensive shops than other households or that bomseholds prefer foods of a higher non-
observable quality, but with the same amount ofnotmitional characteristics and the same
health profile as other households. The valuaticth@® health characteristics are assumed to

depend on the level of consumption following a qa#d form:

M

xnt = Z(Tm Egnmt - fm [ﬂgnmt)z)-l_zl:(ni Dnit - ﬁ; [ﬂznit )2)+,7n TEL (3-21)

m=1 i=1

The equation is estimated in differences:

M

Axnt = Z(Tm |Ignmt - fm |1(gnmt)2)+ (7T| |ﬁznit - ﬁ; m(znit )2)+ A‘g’nt (322)

|
m=1 i=1

Furthermore, dummies are inserted for the monttisnéiary and Decemb®&Three types of
non-nutritional characteristics are chosen. Theseldaracteristics intrinsic to meat and fish,
to carbohydrate containing foods and to dairy. Gmi¢ (e.g. kg.) of a good belonging to the
dairy group will give one unit of the non-nutrit@ncharacteristic “dairy” and so on. The
content of each of these groups is shown in AppeBAi These broad groups are chosen in
order to secure independence between the nutiitbthiaaacteristics and the non-nutritional
characteristics Independence means that the households can lo#age and decrease the
healthiness of their diet maintaining the same gomion of non-nutritional characteristics.

% |n the original estimations dummies were inseftedeach of the 12 months, but the dummies argfisiant
for the other months.

%1 |n initial estimations there were 9 groups repnéisg the non-nutritional characteristics. There ao major
differences in the valuation of the health chandsties between the models with 9 or 3 non-nutnisib
characteristics, while both models deviate fromrttealel where the non-nutritional characteristies rast
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To infer total utility we use that expenditure aqual to the implicit price (marginal utility) of
each characteristic multiplied by the amount ofdybought. The values in the parentheses

are equal to the marginal utility.

M

Xnt = Z(Tm - fm Egr:mt)m;mt + Z(m - le |1nit)|1nit (323)

m=1 i=1

From these marginal utilities it is possible toccddite total utility from each of the charac-

teristics as:

(3.24)

Since one DKK spent on food will give you varying@unts of nutrients, dependent on
which type of food you choose to buy, the budgeist@int in characteristics space is
generally nonlinear. This leads to endogenous gpridewever, at the optimal point where the
indifference curve is a tangent to the budget camdtthe separating hyper-plane between
these two loci is linear. In this optimal point amader the assumption of constant return to
scale, prices can be assumed to be exogenous (CeaddMuellbauer, 1980). We have
constant return to scale due to the linear teclgypland the first order equations used in the
derivation of the hedonic price equation are altegilconsumers optimising their utility.
Hence we can infer prices to be exogenous everytise equal. This interpretation of the
implicit price is used in the following to calcutaéxpenditure on health for the individual

household:

|
Xt neatth = z (7Ti -, Oz, ) [, (3.25)

i=1

Consumer surplus for health can then be calcukdetie difference between total utility and
total cost. To represent a more direct measurbdalth the energy shares can be translated
into a health score measuring how close the holdglaoe from fulfilling each of the official
Danish dietary recommendatioffsThese scores take values between 0 and 10, with 10
representing that the recommendation is fulfillad 8 representing the longest distance

possible from the recommendation.

explicitly modelled. Therefore, we choose the masigh only 3 non-nutritional characteristics to ares
independence. Appendix 3B shows the differenclerestimated health values for models with a difier
number of non-nutritional characteristics.

%2 For a detailed description of the diet recommendatand the health scores see Smed (2008)
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Score=10 = § =—I|S - [Score+ 3.26
[E Stecomended ™~ Sworst j ! 10( recommenct Sworst) Sworst ( )

Wheres, is actual energy share asg..enae @Nd S, 1S the recommended and worst

possible energy share, respectively. In each ofrtbasures above (3.26) can be inserted and
marginal utility, total cost etc. can be represdntia the health score instead of the energy

shares®®

Figure 3.3 shows the calculated marginal utilityhe&lth represented via the health scores.
All marginal utilities are decreasing with quantftiie quantity of health increases as the
consumers are closer to fulfil the dietary recomdagions). The marginal utility of the health
scores is positive for fat, fruit and vegetabled fibres and negative for fish, sugar and
saturated fat. A negative marginal utility transfainto that the consumer values health from
this particular recommendation negatively, e.gy tthe@ not want to cut down on the consump-

tion of sugar or saturated fat or increase the wmpsion of fish as recommended.

Figure 3. 3: Marginal utility for each of the dietary recommendations, the average consumer
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3 A Healthy Eating Index (HEI) has also been usexpresent the health characteristics in the Initia
estimations without changing the main conclusidie HEI value is a measure telling how close the
households are from fulfilling the dietary recommations for added sugar, total fat, fibres, fruitl aegetables,
fish and saturated fat in one aggregate measurélEvalue of 24.5 represents a household fulfjjlall the
dietary recommendations, while an HEI value of firesents a household with the worst possible Aigalue

of e.g. 20 can be obtained by different combinatiohproximity to each of the 6 recommendations aied
therefore not unique. See Smed (2008) for a matalde description of the HEI measure. We choosgs®the
individual health scores since they contain moferimation.
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Figure 3.4 illustrates total cost for each of tteammendations. As it is illustrated total cost
declines for some of the recommendations as tl@meendation is approached. This is the
case for e.g. saturated fat, fish and sugar, mgdhat consumers save money as they
approach the recommendation. So even though comsuraee a negative marginal utility
(total utility decreases as the recommendatiopp@ached), the savings in total cost might
be even larger, which results in a positive consismsirplus. As an illustration the total cost
for the health score for saturated fat is showetiogr with total utility and consumer surplus

in Figure 3.5.

Figure 3. 4: Total cost for each of the dietary reemmendations, the average consumer
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Figure 3. 5: Total cost, utility and consumer surplis for saturated fat, the average consumer
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Aggregating the total costs in Figure 3.4 shows @haousehold fulfilling all the dietary

recommendations spend 186 DKK per person monthlyseaith while a household scoring 5
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on all recommendations spends 128 DKK per persae.tD many possible combinations of
diets there is not a unique relation between cstishealthiness. E.g. a household that fulfils
the recommendation for fruit and vegetables andestmn all the other recommendations
will use 211 DKK monthly per person on health. Aueehold that fulfil the recommendation
for saturated fat and fruit and vegetables andesBan all the other recommendations will
use 159 DKK on health monthly per person.

The marginal utility of the non-nutritional charewstics in carbohydrate containing foods,
meat and fish and dairy are shown in Figure 3.@ Uit used for measuring the amount of
non-nutritional characteristics is equal to thet used for foods (one kg of meat is equal to
one kg of non-nutritional characteristic from me&gpnsumers value one kg of non-
nutritional characteristic from meat and fish hggimpared to the non-nutritional
characteristics from dairy and carbohydrate comgifoods. The valuation of the non-
nutritional characteristics from carbohydrate conmtey foods is low and almost linear.

Figure 3. 6: Marginal utility of the non-nutritiona | characteristics, the average consumer
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To investigate the relationship between food expareland health, expenditure on health is
pictured as a function of total monthly expenditanefood per person in Figure 3.7 and the
share of total expenditure used on health as d@itmof total monthly expenditure on food
per person in Figure 3.8. Expenditure on healthdseasing as total food expenditure is
increasing, but health takes the character of ags#ty as the health share increase with a
declining speed as expenditures on foods incrddmehealth share is declining in a nonlinear
way and there is, despite the correlation, a hagmtron. This is, as mentioned above, caused

by that a healthy diet can be obtained in manyetbfiit ways, i.e. there is not a unique way to
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obtain a certain level of health. These figureggestthat the costs of a healthy diet might be
a barrier for some households towards a more hediéh.

Figure 3. 7: Expenditure on health as a function ofotal expenditure on foods
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Figure 3. 8: Share of total expenditure used on héh
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The rest of this section is devoted to show diffiesss in health expenditures for various types
of consumers, still with the implicit prices estit®ad on the basis of estimation on the average
consumer. Figure 3.9 shows the distribution ofedéht types of households over values of
monthly expenditure on health. Longer educated dlonisls generally have larger expendi-
tures on health than short educated householdgthirgg else equal, which is expected due
to observed food composition patterns in Smed (RE& younger households also spend

more on health than older households and thistiexyected since older generally eat
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healthier than younger. The reason for that theageuhouseholds spend more on health

might be explained by the fact that younger gehesglend more on foods than older

households. Another explanation is the way thasbbalds compose “healthiness”. The

larger consumption of fish and fat amongst the mtdduces the costs of obtaining a certain

level of healthiness.

Figure 3. 9: Monthly expenditure on health per persn, density over household types
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Figure 3.10 shows the density over the panel ofarent shares of total expenditure used on

health. It is clear that older households usegelashare of total food expenditure on health.

Figure 3. 10: Share of total food expenditure usedn health, density over household types
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This section has assumed the implicit prices texmgenous and as such has assumed that all
consumers have the same valuation of the healthastel components. This assumption is

relaxed in the next section.

3.4 Valuation of health over households

Actual dietary patterns reflect preferences foillthea foods, but only to a certain extent.
Together with preferences for health actual diepatyerns are also determined by budgets,
prices and substitution patterns between healtho#metr food characteristics. Preferences for
taste have a large influence on healthiness o$,ds@tce e.g. preference for beef instead of
pork might diminish the amount of saturated fatstoned together with the meat.
Preferences for taste are to a large extent detethby traditions and habits. Finally budgets
might drive a wedge in between estimated preferefarehealth and observed food
expenditure patterns. Therefore, in the followihg &ssumptions of equal valuation of health
over households are relaxed to uncover preferdocdé®althiness and for taste for different

types of households. This is equivalent to estiregteation (3.21), now allowing, /7,7 and

T to depend on social and demographic variables:

Xnt = i(rmn mnmt - fmn [qgnmt)z)-'- lZ(ﬂl-n Qnit - ﬁin [ﬂznit)z)"'”n T Eq (3-27)

m=1 i=1

The social and demographic variables chosen asethidh the larges influence on healthy
eating behaviour according to Smed (2008). Thesasfollows; below 50 years of age
versus above 50, shorter education, (i.e. nonetimwal or shorter theoretical education)
versus longer education, (i.e. medium or long teecal education) and finally capital versus
other location. The original parameters and t \&liethe estimation are shown in Appendix
3D. From the estimated parameters it is possibiefér the marginal utility of getting one

unit closer to each of the dietary recommendatisisg the same recalculation procedure as
in (3.26).

Figure 3.11 shows the marginal utility of gettingser to the recommendation for fat (cutting
back on consumption) everything else equal evallate health score equal to 5 and a health
score equal to 10 (10 = recommendation fulfillddynger educated have a higher valuation
over the health score for total fat, except oldmrdeholds in other regions where there is no
significant difference between valuations for theder and shorter educated. Younger

households have a higher valuation than older Hmlds. Households in the capital have a
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higher valuation than households in other regiersept older shorter educated households
where the difference is not significant.

Figure 3. 11: Marginal utility over the health scoee for fat, various types of households
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Figure 3.12 shows marginal utilities over the Healtore for sugar for different social and
demographic groups. There are no particular agelocational differences, but there is a
clear tendency that younger households value gettoser to the recommendation for sugar
lower than older households. This indicates thpeeially younger households prefer to have

a diet with a lot of sugar.

Figure 3. 12: Marginal utility over the health scoe for sugar, various types of households
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Figure 3.13 shows the marginal valuation over thath score for fish. For households
located in other regions younger households hdower valuation than older. Households in
the capital seem to have a lower valuation of ggttioser to the recommendations for fish
than households living elsewhere. Both are reftboieactual consumption patterns (Smed,

2008). Longer educated seem to have a lower valu#ttian shorter educated households.

Figure 3. 13: Marginal utility over the health scoee for fish, various types of households
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Finally Figure 3.14 shows the marginal valuatioermthe health score for fruit and
vegetables. The figure shows that longer educafd\health from fruit and vegetables more
than shorter educated, and households in the tapia a larger valuation than households
in other regions. An exception is younger househaldhe capital. These general patterns
reflect actual consumption patterns pictured in &§2008). Younger value getting closer to
the recommendations for fruit and vegetables muaa blder households, which is not in
accordance with actual consumption patterns (S2@eB). The explanation for this might be
due to either budget constraints or differencab@wvaluation of the non-nutritional
characteristics. All types of households have atieg valuation of the health score for
saturated fat (figure not shown). No regional anadional differences are found, but there is
a clear tendency that younger value getting clasére recommendation for fat more
negatively than older households. The marginalatada of the health score for fibres (figure
not shown) shows clear educational and age pattgthghe longer educated valuing health
from fibres less negative than shorter educatedyandger having a less negative valuation

than older.
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Figure 3. 14: Marginal utility over the health scoe for fruit and vegetables, various types of houseltds
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Whenever household valuation of health is not toadance with actual consumption this
might be due to substitution patterns between taal characteristics, budgets or that these
particular households value the non-nutritionalrabteristics higher than the nutritional
characteristics. Figure 3.15 shows the margintyutf the non-nutritional characteristics
valued at 10 kg. It is chosen to picture the maaiginility of the non-nutritional

characteristics in a point only since it adds ® ¢harity of the picture and the quadratic term
is rather small for the non-nutritional characticisThe reason for the marginal utility being
close to constant might be due to large substiiytimssibilities within each group of non-
nutritional characteristics. The marginal utilitiytbe non-nutritional characteristic from meat
and fish lies between 25 DKK/kg and 45 DKK/kg.dthigher for longer educated households
and households in the capital, apart from longeicated younger households, where
households in other regions have the largest malrgiility. Younger households also have a
higher marginal utility than older households. Tépplies to all kinds of households. The
marginal utility of the non-nutritional characterisfrom dairy takes values from 11 DKK/kg
to 28 DKK/kg. Younger households have a larger atdun than older households and longer
educated households have a larger valuation thamesteducated households. The marginal
utility of the non-nutritional characteristic frooarbohydrate containing foods is rather small

and shows no specific patterns.
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Figure 3. 15: Average marginal utility of non-nutritional characteristics, calculated at 10 kg.
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To finish this section, equation (3.27) is estimddi@ households where the diary keeper has
a normal weight (BMI< 253, are overweight (BMI 25-30) or obese (BMI 30 opab)*.
Figures 3.16 shows the marginal valuation of thedthescore for selected recommendations
evaluated at the health score equal to 5 and thiéhhgcore equal to 10 (this is equal to that
the recommendation is fulfilled). Obese has a snathluation of the health score than
normal weight for the recommendations which impéesutback on consumption (i.e. the
recommendations for sugar, saturated fat and fitalThis is especially clear for saturated
fat where also the overweight have a lower valumatian normal weight. For fish and
vegetables obese have a larger valuation than heveight. This might reflect that obese
and overweight have preferences for eating moreerahan for eating unhealthy when
measured through the healthy eating index.

% BMI is calculated as'eightkg)

(heigh(m))*
% The height and weight questions used to calctitetd@MI are only posed in 2004, so the panel isdeis
according to their weight the final year.
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Figure 3. 16: Marginal utility over the health scoe for fat, various BMI
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3.5 Conclusion and discussion

The results of this paper underline the importasfdaking individual heterogeneity into
account when estimating implicit prices. Compariegults from a model where social and
demographic variables are inserted to accountdaation between households with a model
in differences, removing all individual heterogageshows that the model in differences is
more convenient for the estimation of hedonic wi¢aurthermore, the results show the
importance of taking the valuation of taste intoamt. Using the model in differences and
estimating the average consumers’ valuation ofthéadm foods show that the recommenda-
tions are not valued equally. Consumers are foarthte a positive valuation of the
recommendations for fat, fruit and vegetables dm$. This does not seem in accordance
with Smed (2008) finding that fruit and vegetaldesl fibres are the two areas where
consumers are farthest away from fulfilling thetdrg recommendations. For fruit and
vegetables the lack of fulfilment might be duehe targe cost involved in fulfilling the
recommendation for fruit and vegetables. The costslved with fulfilling the

recommendations for fibres are not large, so thagration for the lack of fulfilment here
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might not be due to the costs involved, but mighekplained by a trade off between taste
and health. This might be a route for further resdeaConsumers have a negative valuation of
the recommendation for fish, sugar and saturatiedrfam this we can conclude that
consumers do not eat fish for their health value they like to have a diet rich in sugar and
saturated fat. This is in accordance with Drewnayk895) and Birch (1999), who suggest
that consumers have preferences for energy dends.fonder certain assumptions the
implicit prices can be interpreted as exogenousmdJthis, calculation of total expenditure on
health shows a clear tendency that a healthieigliabre costly than a more unhealthy diet.
Furthermore, the expenditure on health increaststive total expenditure on foods,
suggesting that cost might be a barrier for somesélbolds in order to change towards a more
healthy diet. This is in accordance with earlieye@ch (see e.g. Darmon et 2002;

Lennernas et gl1997; Adelaja et al., 1997). But as food expend#uncreases, health
expenditure does not increase just as fast schidre ®f total food expenditure devoted to
health is decreasing as food expenditure is incrgakealth is a necessity. The share of total
expenditure on health follows a non-linear path tradle is, despite the correlation, a huge
variation. This is due to that a healthy diet carobtained in many different ways, i.e. it is
costly to increase the healthiness of diets byeiasing the consumption of fruit and
vegetables, while money is saved if the improvenrehealth is obtained through cutting
back on e.g. fat. Health expenditures are incrgasith education everything else being
equal, which is expected due to observed food caitipn patterns. But younger households
also spend more on health than older and thistiexygected since older households generally
eat healthier than younger and health expenditupesitively correlated with the healthiness
of diets. The explanation for this might be foundhe non-unigueness of having a healthy

diet, i.e. a diet might be healthy in one directomd unhealthy in another.

The estimated valuation of health characteristics/érious types of households reflects
preferences since observed dietary patterns dlsectreeactions to budgets and prices as well
as substitution patterns. The results from themedton of the valuation of healthiness for
various types of households show that longer eddogénerally have a larger valuation of the
dietary recommendations, with fish as the one etxmep Households in the capital also value
most dietary recommendations more than householdther regions. Besides fish, younger
households value health more than older househbhds.is not reflected in the actual dietary
patterns. Whenever household valuation of gettinger to the recommendations is not in

accordance with the actual consumption this mightllee to these particular households
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valuing the non-nutritional characteristics to @& extent than the nutritional characteristics,
substituting towards e.g. taste instead of hedlle. marginal utility of the non-nutritional
characteristic from both dairy products and meaitfesh is higher for younger households
than older everything else equal. Younger househaddlie health relatively high, but value
also taste relatively high, which can explain wioyigger households can have a higher
valuation of health compared to older householdsshll eat unhealthier. Therefore,
preferences for non-nutritional characteristicd hélve a large influence on healthiness of
diets and whenever it is aimed to influence congshikets in a more healthy direction it is
important to take this into consideration. Also selnolds in the capital and households with a
longer education have higher valuation of the notriional characteristics for meat, fish and
dairy products than other types of households. fbeg, there seems to be a positive
correlation between the valuation of health andvéileation of the non-nutritional
characteristics. This suggests that consumersangeneral low valuation of all the
characteristics from food eat less healthy tharsbbalds that value food in general. When
analysing the valuation of health for individuaksrmg either normal weight, overweight or
obese, the general results are that obese hasllarsvatuation of the health score than
normal weight for the recommendations which impéesut back on consumption (i.e. the
recommendations for sugar, saturated fat and fatlalbut overweight and obese have a
larger valuation of the health score than normagtitefor the recommendations involving an
increase in consumption (i.e. fish, fibres andtfamd vegetables). This might reflect that
obese and overweight have preferences for eating nather than for eating unhealthy when
measured through the healthy eating index. Thidhhbg a route for further research.
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Appendix 3.A: The aggregation of foods into three main groups

Basic food group category

Grouping in GfK data

Meat, fish and fats

Other meat

Bacon

Fish

Processed fish

Poultry

Rissole

Processed meat for bread

Liver paté

Beef

Sausages

Pork

Brawn and paté

Butter

Oil

Margarine

Carbohydrate-containing foods

Fruit syrup

Ice tea

Juice

Coffee

Tea

Fizzy drinks

Bouillon and soups

Dishes with rice and pasta

Salad dressing etc.

Sauce

Pizza

Baking mixture

Chocolate (for bread)

Ice cream

Biscuits

Macaroons

Marmalade

Cake

Sugar

Cookies

Fruit

Vegetables

Frozen vegetables

Potatoes

Cereals

White bread

Brown bread

Flour

Crisp bread

Rice

Pasta

Dairy

Speciality cheese

Ordinary cheese

Dairy snack

Milk

Yoghurt

Eggs
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Appendix 3.B: Models with no, 3 or 9 non-nutritional characteristics

Figure 3.B.1 shows the differences in the valuatibhealth estimated with models
containing either no, 3 or 9 non-nutritional chaeaistics. Note that the values for the model
with no non-nutritional characteristics are slighdifferent from the numbers in Table 3.3
since the present model is estimated for the wpeteod 1999-2004 while the numbers in
Table 3.3 are only based on 2004.

Figure 3.B.1: Comparison of models with no, 3 or @on-nutritional characteristics
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Appendix 3.C: The quadratic model, parameters and standard deviation

Table 3.C.1: Parameters and std. errors for the quératic model, average consumer

Estimatd Std_erroﬂ t-value| Pr > |t|
Non_nut_carbo 0.0035 0.0000 128.4800 <.0001
Non_nut_carbo_sq 0.0000 0.0000 120.6600 <.0001
Non_nut_meatfish 0.0390 0.0003 139.0600 <.0001
Non_nut_meatfish_sq 0.0000 0.0000 40.7200 <.0001
Non_nut_dairy 0.0210 0.0002 124.1200 <.0001
Non_nut_dairy_sq 0.0000 0.0000 40.3800 <.0001
Dummy_jan_carbo 0.0025 0.0000 64.5300 <.0001
Dummy_jan_meatfish -0.0019 0.0004 -4.7300 <.0001
Dummy_jan_dairy -0.0028 0.0003 -10.4000 <.0001
Dummy_jan_fish 92.0921  63.3423 1.4500 0.1460
Dummy_jan_fruitveg -407.6020 29.6651 -13.7400 <.0001
Dummy_jan_fat 74.0009 15.7520 47000 <.0001
Dummy_jan_satfat 84.2423 31.5793 2.6700 0.0076
Dummy_jan_sugar -1.0519 15.9200 -0.0700  0.9473
Dummy_jan_fibre 458.7016 242.8000 1.8900 0.0588
Dummy_dec_carbo 0.0013 0.0000 48.6300 <.0001
Dummy_dec_meatfish -0.0010  0.0004 -2.6200 0.0089
Dummy_dec_dairy -0.0033 0.0003 -12.3100 <.0001
Dummy_dec_fish 38.6187 63.0190 0.6100 0.5400
Dummy_dec_fruitveg -205.2370  38.5318 -5.3300 <.0001
Dummy_dec_fat 47.0205 15.1129 3.1100 0.0019
Dummy_dec_satfat 109.8163 30.3555 3.6200 0.0003
Dummy_dec_sugar -13.4972 14.8749 -0.9100 0.3642
Dummy_dec_fibre 384.2897 237.4000 1.6200 0.1054
Fat -116.2390 19.2573 -6.0400 <.0001
Fat_squares 131.0896 23.2259 5.6400 <.0001
Fibre 1654.1530 202.0000 8.1900 <.0001
Fibre_sq 55577.3200 4612.3000 12.0500 <.0001
Fish -447.5300 37.7905 -11.8400 <.0001
Fish_sq 4132.7070 303.7000 13.6100 <.0001
Sat_fat 758.8347 35.0672  21.6400 <.0001
Sat_fat_sq 1219.3600 107.9000 11.3000 <.0001
Sugar 133.2814 8.1264  16.4000 <.0001
Sugar_sq 170.7301 21.3110 8.0100 <.0001
Veg 2069.2570 16.9995 121.7200 <.0001
Veg_sq 810.0181 11.2712  71.8700 <.0001
R® = 68.54.
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Appendix 3.D: Parameters, estimation for different households

Table 3.D 1: Parameters and std. errors for the qudratic model, differentiated consumers

< 50 yrs, Capital, short

< 50 yrs, Capital, long

< 50 yrs, other, short

< 50 yrs, other, long

Non_nut_carbo 0.0077 <.0001| 0.0127 <.0001| 0.0039 <.0001| 0.0026 <.0001
Non_nut_carbo_sq 0.0000 <.0001| 0.0000 <.0001| 0.0000 <.0001| 0.0000 <.0001
Non_nut_meatfish 0.0404 <.0001| 0.0436 <.0001| 0.0379 <.0001| 0.0456 <.0001
Non_nut_meatfish_sq 0.0000 <.0001| 0.0000 <.0001| 0.0000 <.0001| 0.0000 <.0001
Non_nut_dairy 0.0224 <.0001| 0.0245 <.0001| 0.0228 <.0001| 0.0278 <.0001
Non_nut_dairy_sq 0.0000 <.0001| 0.0000 <.0001| 0.0000 <.0001| 0.0000 <.0001
Fat -264.2 <.0001| -284.0 0.0077, -100.7 0.0018] -228.1 0.0021
Fat_sq 74.9 0.2485 152.3 0.2475| 149.4 0.0001| 129.6 0.1593
Fibre 96.7 0.8767| -2375.1 0.0999 488.3 0.1692| 1143.4 0.1051
Fibre_sq 14066.9 0.3025| 46877.6 0.1538| 36220.4 <.0001| 42286.3 0.0040
Fish -806.6 <.0001| -1077.0 <.0001| -341.1 <.0001| -551.7 <.0001
Fish_sq 3812.3 <.0001| 3168.1 0.0709| 3092.6 <.0001| 4398.6 <.0001
Sat_fat 1271.4 <.0001| 1224.4 <.0001 732.3 <.0001| 1378.7 <.0001
Sat_fat_sq 2355.5 <.0001| 1523.5 0.0226| 1076.6 <.0001| 2900.7 <.0001
Sugar 165.2 <.0001 87.6 0.0920, 132.5 <.0001| 160.9 <.0001
Sugar_sq 353.0 0.0008 10.7 0.9410, 217.1 <.0001| 311.9 0.0001
Veg 2676.9 <.0001| 1848.6 <.0001| 1737.1 <.0001| 4008.2 <.0001
Veg_sq 5994.9 <.0001| 454.1 0.6544) 698.7 <.0001| 9273.9 <.0001
> 50 yrs, Capital, short| > 50 yrs, Capital, long| > 50 yrs, other, short| > 50 yrs, other, long
Non_nut_carbo 0.0088 <.0001| 0.0077 <.0001| 0.0103 <.0001| 0.0077 <.0001
Non_nut_carbo_sq 0.0000 <.0001| 0.0000 <.0001| 0.0000 <.0001| 0.0000 <.0001
Non_nut_meatfish 0.0354 <.0001| 0.0412 <.0001| 0.0264 <.0001| 0.0291 <.0001
Non_nut_meatfish_sq 0.0000 0.0015/ 0.0000 0.8224 0.0000 <.0001| 0.0000 0.4808
Non_nut_dairy 0.0159 <.0001| 0.0180 <.0001| 0.0108 <.0001| 0.0149 <.0001
Non_nut_dairy_sq 0.0000 <.0001| 0.0000 <.0001| 0.0000 <.0001| 0.0000 <.0001
Fat -49.5 0.4707| -149.2 0.1781) -96.9 0.0093 -94.3 0.2324
Fat_sq 123.0 0.1420 84.7 0.5433 36.2 0.4256 33.6 0.7351
Fibre -664.8 0.3156] 648.4 0.5431) 2825 0.4646| 275.7 0.7535
Fibre_sq 2734.1 0.8452| 40807.3 0.0462| 29110.2 0.0014| 7686.7 0.7017
Fish -791.6 0.0001| -2013.1 <.0001 -8.5 0.9170, 468.2 0.0358
Fish_sq 7047.6 0.0009, 1816.3 0.3934| 5441.6 <.0001| 24537.4 <.0001
Sat_fat 889.1 <.0001] 520.8 0.0191| 846.4 <.0001| 928.4 <.0001
Sat_fat_sq 1580.5 <.0001 77.3 0.9182| 1314.2 <.0001| 1742.2 0.0002
Sugar 44.2 0.1963 66.6 0.3735 35.7 0.0133] 143.3 0.0003
Sugar_sq 34.2 0.7219) 281.4 0.3155 19.3 0.5461| 202.0 0.0932
Veg 2375.3 <.0001| 3946.1 <.0001| 1043.6 <.0001| 2147.5 <.0001
Veg_sq 7247.9 <.0001| 11866.1 <.0001] 1027.1 <.0001] 7020.3 <.0001
Dummy_jan_carbo 0.001 <.0001
Dummy_jan_meatfish  0.000 0.2547
Dummy_jan_dairy -0.001 <.0001
Dummy_jan_fish 19.814 0.7488
Dummy_jan_fruitveg| -93.120 0.0036
Dummy_jan_fat 33.635 0.0282
Dummy_jan_satfat 14.932 0.6269
Dummy_jan_sugar -4.579 0.7675
Dummy_jan_fibre 279.013 0.2375
Dummy_dec_carbo 0.000 <.0001
Dummy_dec_meatfish 0.000 0.5755
Dummy_dec_dairy -0.002 <.0001
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Dummy_dec_fish
Dummy_dec_fruitveg
Dummy_dec_fat
Dummy_dec_satfat
Dummy_dec_sugar

Dummy dec fibre

14.647
-72.398
22.686
64.229
-22.436
279.039

0.8114
0.0586
0.1220
0.0293
0.1210

0.2271
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Chapter 4

A censored structural characteristics model for milk

Laura M. Andersen and Sinne Smed

AKF
(Danish Institute of Governmental Research)
Copenhagen

Abstract

In this paper we investigate preferences for fanitk through a structural characteristics
model. Contrary to the usual hedonic model consehpeeferences over certain
characteristics are allowed to vary non-systemalycthrough an error term placed directly
in the utility function. The functional form usecie quadratic form allowing the marginal
utility of characteristics to become negative.lie £mpirical estimations we use a very
comprehensive panel dataset spanning the period 897 to 2004. The data includes
information about daily purchases and social antchdgraphic characteristics of
approximately 2500 households. These data are gmdlwith information indices
constructed from articles in newspapers mentiomitigk between the consumption of fat and
health. The panel structure of the data is exptbftdly since the final two-sided censored
Tobit model is estimated household by househotavally for the maximum degree of
individual heterogeneity. We find that there hasrba significant decrease in the
consumption of fat from milk generated by systenwitanges in preferences due to
information and due to a general trend. In the d&sion of whether to use prices or
information as an instrument to decrease the comsiom of fat from milk, prices seem the
most effective. Consumers who prefer milk withrg kigh fat content can be reached both
by information and prices, while consumers whogreiilk with a moderate to high fat share
are not influenced by information, but are ratheicp sensitive. This is of great importance
since the latter drink more milk and thereby consumost milk fat in grams per person per
week.
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Introduction

Health problems related to an excessive intakaiifrated fat are among the major nutrition
problems in most industrialised countries, as & Imigake of saturated fat can lead to
increased blood cholesterol levels and risk ofouggilifestyle-related ilinesses. Since
Denmark is a nation of milk drinkers with an anncahsumption of about 100 kg per capita
(Statistics Denmark, 2008) and saturated fat fraitk constitutes on average 5.7 per cent of
total consumption of saturated fat and 3.1 per oétutal fat consumptiofi, milk may be an
important source of fat. The consumption of satddat from milk has decreased during the
last decade (Statistics Denmark, 2008), which m mpgght be a reaction upon massive
campaigning from the Danish health authorities regjaan excessive intake of saturated fat,
but also to a large extent due to the entrancewfét varieties on the milk market (Smed
and Jensen, 2004). These changes on the milk ngivlee good possibility to investigate
preferences for saturated fat, how they can beesgpd through demand and how they
change over time and due to information. The denfanchilk in Denmark has been analysed
in a number of previous studies. Blow et al. (200&)elop a non-parametric revealed
preference model for milk at household level and fihat there are three types of consumers:
those who have a high valuation of fat and a loluatgon of the organic attribute in milk;
those who have a moderate valuation of fat angla Valuation of the organic attribute and
finally those who have a low valuation of fat ankigh valuation of the organic attribute.
From Smed and Jensen (2004) there is market evadbéatthere is a substantial trade-off

between health concern and taste, since tastéusdraigher than the fat content.

In this paper we investigate preferences for familk in depth through a structural
characteristics model, i.e. a model where consuhenige utility from the characteristics
inherent in milk, not from milk itself (Lancaste966; Gorman, 1956). This means that the
demand for fat in milk has to be described as dehfana non-market good. Demand for
non-market goods is often estimated through a hiedoadel derived from the Gorman-
Lancaster framework (for examples on the demanddnients in food, see e.g. Cook and
Eastwood, 1992; Kim and Chern, 1995 or Eastwoa@l.£1986). In the hedonic model it is
usually assumed that consumers’ preferences dike steer time and random noise is placed
as an error term in the estimation equation, sgaadom deviation from the true preferences.

In this paper we test whether consumers’ preferenuer certain characteristics are stable or

% Own calculations based on the data from GfK Delraed in this paper.
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if they vary non-systematically through an erranteplaced directly in the utility function.
Furthermore, we introduce systematic changes ifegmeces initiated by a trend and
exogenous health information. The data used foestienations are based on an extensive
panel dataset at household level. This meansttlsapossible to estimate the models
household by household allowing for the maximumrdegf individual heterogeneity. There
is a need to understand possible barriers for éantductions in the intake of saturated fat
since this knowledge may be essential for the desighew actions aiming at reducing the
intake of saturated fat. The derivation of a suitetdt model for individual households brings
us closer to separating preferences and changbesa due to e.g. information from reactions
to prices and budget constraints and also to pgréémmand for none existing goods consisting
of new combination of already existing characterssbn the market. In other words, it allows
us to give a more interesting answer — not onlyae much fat is consumed, but also why

consumers choose to consume as they do.

The rest of this paper is organised as followstiBeal.1 starts out with the basic theory of
the characteristics model and then the data andhilkenarkets are described in Section 4.2.
Section 4.3 is about empirical considerations atoination issues, especially about the
construction of prices in the characteristics mothed implications of choosing a quadratic
model and the derivation of a model with an eresmtin the utility function. Section 4.4
summarises the results of the introductory modeénlin Section 4.5 the model is reformu-
lated according to the best suited model to allstineation of a Tobit model with two-sided
censoring. Finally, Section 4.6 describes the firallts, i.e. valuation of fat and reactions to
prices and information for different types of houskels and predictions of demand. Section

4.7 is devoted to a discussion and conclusion.

4.1 The characteristics model

The characteristics model was first developed byn@am (1980) and Lancaster (1966) and
further developed by Muellbauer (1974) and Ros&74). Generally, we assume that the
world consists oH individual households. The number of goods avélabeach period ik
and the number of characteristicsl.ig he connection between goagland characteristicsis

described through the technology matix
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Characteristics

1 o j - J

Goods i |&, -+ g - & | =EA

It is assumed that the amount of characteristinsdbesaggregated over goods (the utility of a
characteristic does not depend on its origin) &ed¢lationship is assumed to be linear which
means that the relationship between goods purcleamkdharacteristics obtained can be
written as:

z=A'q (4.2)

The technology matrif is constant over households which implies thahallseholds meet
the same\ matrix and we assume it to be constant over the §pan used in our model (in
principle theA matrix can change over time as products with nesvgeviously unknown

characteristics get into the market). For each éloolsl we observe the quantity purchased of

each goody" = (qﬂ .., q[‘) and we also observe a unit price for each go@hath
period: p! :( Py Qs pt“)' . The total expenditure by househalih periodt is there-

forex E( g“)' q". Knowing the technology matri& and the amount of goods purchased we

can calculate the amount of characteristics puethas

Optimisation in general terms
The households have preferences over charactsriatid the purchased quantities of goods
that we observe are a result of households maximisieir utility given the technology, the

prices and the budget. In each period the house¢hetdfore faces the problem:

Max U (2"

G
st. 7 = A(;T' (4.3)
Xth > ( p[h) qh
g =0
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where Q" are socio-demographic characteristics afids the total budget used by household

h at timet. Note that the household optimises over gapdsut measures utility over
characteristicg. This is because consumers purchase goods, butroercharacteristics. The
consumer’s problem can be solved through Lagrapgensation, assuming interior
solutions and for a moment ignoring the socio-demraplgic characteristics. In a two good,
two characteristic world this problem can be wnttes (the subscriptsandt are here
suppressed due to ease of notation):

maxL(z.24)=u 2.2)-A( par P& ) (44)

where A is the utility value of increasing the binding straint (the budgetyU/dx. If we,

furthermore, substitute the technology into thedmidestriction — which we assume to be
binding — we get the following estimation problem:

maxL (2.2 A)= U 7, 3)-A(m zr77, = ) (4.5)

where 7z is the implicit prices of the characteristics. Timgplicit prices 77 measure how

much money the household is willing to pay for atr&unit of characteristig (77=dx/ dz).

If the A matrix is square and thereby invertible we cantheeinding budget restriction to
calculate the implicit prices of the characterstitrectly by noting that the budget can be
expressed both in actual prices of goods and implicces of characteristics:

x=pq= p(A)" z (4.6)

X=mz< mT=A"p (4.7)

l.e. 7, = p&,+ p,a,and 7, = p,a, + p,a,, whereg; are the elements in the inverse

technology matrix. In this simple universe where timit price is independent of the quantity,
the implicit price of a characteristic is simplyetmonetary value of one unit of the
characteristic. If there are more goods than chamatics the technology matrix is no longer

invertible and the implicit prices have to be estied through a hedonic price function.
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In the world of two characteristics the consumersblem can be shown visually. Knowing
the prices and the total amount spahk, we can calculate the amount of each characteristi
(zi,zz) that householtt would obtain in period spending all the money on good one (point
ain Figure 4.1a below). If he spent all his moneygood 2, he would obtain another amount
of characteristics (poirii). It is not possible to purchase characteristidside the triangle
(a,b,0) due to the technology restriction. On the Daniglk market it is not possible to

purchase milk with less than 1 gram or more thagrains of fat per litre. We assume that all
goods can be purchased in continuous quantitiesheniihe between the highest obtainable
level of characteristics (poiatand pointb) is the budget restriction. The continuous natire
the goods means that any linear combination of gdoaind 2 is possible, e.g. pomtAll

three points lead to the same total cost. The soassioptimise where the marginal rate of
substitution, MRS, is equal to the slope of thedgmidestriction, i.e. the point where the
indifference curve for the highest attainable wytitouches the boundary of the consumption
set When a new good, with known characteristics, butew amounts, enters the market, the
price of that good determines whether it will beéghased or not. In Figure 4.1a the price is

too high (the consumer would get less of the chiaratics z, and z,buying the new good)

while in Figure 4.1b the price is so low that thelget constraint is pushed outwards and the
consumers can obtain their preferred mix of chargtics in a cheaper way than by mixing
good 1 and good 2.

Figure 4.1: Consumers’ optimisation problem in a tw characteristics world

Z 4 Z 4

y4) Z2

3 In theory we need to know the amount availablectarsumption. However, this amount cannot be oleserv
so we have to assume that the budget constraiimding and use the observed amount actually spent.
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More goods exist in the world than are purchasethbyndividual household. For another
household it might be more efficient to purchaseiaof the new good and good 2 as shown
in Figure 4.2. It is not possible to buy goods mlgghe triangle consisting of zero and the
lines running througl andb in Figure 4.2 This makes it difficult to point identify the
parameters of the utility function for householdsowonly purchase a good on the borderline,
as e.g. the grey stipulated household in FigureWeg will return to that later.

Figure 4.2: More consumers in a two goods, two chacteristics world

Zs A

473 FRRISIY ASUSR

Good 2

v

Z3

Z;

Estimation of implicit prices

Since we have more goods than characteristics we toeestimate the implicit prices using a
hedonic price function, see e.g. Rosen (1974), laadtlZober (1977) or Ladd and Suvannunt
(1976). In a world withl characteristics optimised oviegoods, the Lagrange function (4.4)
gives the following first-order conditions:

oL du 0z 2 du
oL, % o, p=yud 48
o0q  “ozog 00 P ;62. g (4.8)

0z,
The derivatives—- are the elements in the technology magjx The marginal utility of the

g

budgetA = % Is assumed to be constant. This implies that we tmassume homothecity
X

of the utility function. This assumption is not rie&t for luxury goods or goods with a large
share of total consumption, but more realisticsfarormal good with a smaller share of total

expenditure (like milk). Slncea£ = _ U / is equal to the marginal rate of substitution
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between the expenditure and the characteristissistiequivalent to the marginal implicit

price 77; of each of the characteristiE§}6Z j This implies that the price of a good is a
i

weighted sum of the implicit prices of its charaisigcs p, = ZHjaij , Which is one of the
j

most important features of the characteristics rhdtlep, > 77;a; then good is not bought as

illustrated in Figure 4.1a. When implicit priceg arsed in a model estimating demand for
characteristics there are several points to cons&lece one DKK spent on food will give

you varying amounts of nutrients, dependent on winexture of foods you choose to buy,
the budget constraint in characteristics spacemeally nonlinear. This leads to endogenous
prices. However, at the optimal point where theffacknce curve is a tangent to the budget
constraint, the separating hyper-plane betweerettves loci is linear. In this optimal point
and under the assumption of constant return t@spaktes can be assumed to be exogenous
(Deaton and Muellbauer, 1980). Another problenh& tonsumers choose quantity and price
simultaneously as illustrated in Figure 4.3. Thisamethat the prices that equate the market
depend on both the parameters that characterisardkand the distribution of the non-
observable characteristics of demand (in the cdmeersupply is not exogenous, as we
assume here, the parameters characterising supgpija distribution of the non-observable
characteristics of suppliers are also presentarhgdonic price function). This means that the
model is unidentified (Ekeland et al., 2004), thelicit prices provide no more information
than the preferences originally used to estimagertiplicit prices. Brown and Rosen (1982),
Kahn and Lang (1988), Epple (1987) and Ekeland. €2804) suggest identification by
allowing the price function to have higher powefz (the characteristic) in the case of single
market data or to use multi-market data to soleadlentification problem. The main idea
behind these identification strategies is thateheust be additional parameters affecting the
price functions that are not contained in the deairfanction. The multi-market identification
approach, which is used here, builds on the assamitat the preference parameters and the
distribution of tastes are identical across markats the price functions differ between
markets, i.e. are affected by some additional éegnot in the demand function. This

implies different patterns of variance in differemarkets.
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Figure 4.3: Simultaneous choice of price and quani in the hedonic modet
Hedonic pric functior
4
p(2)

»

v

* Adapted from Epple, 1987.

The identification of preferences from variatiortlie hedonic price functions are illustrated
in Figure 4.4. Despite that the identification desbs are solved in the multi-market case, a
standard endogeneity problem persists, since thetiqy and price of the characteristics are
chosen simultaneously. This implies that the depetdariable (the chosen amount of the
characteristic) and the implicit price are correththrough their dependence on the
distribution of individual heterogeneity (Bartik987; Kahn and Lang, 1988; Diamond and
Smith, 1985).

Figure 4.4: lllustration of identification in the multi-market case

p(Z) 4 HPF,Market 2

HPF, Market 3

HPF,Market 1

v

Z, Z, Z
HPF = hedonic price funaotic ~ ¢ 2 1
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4.2 Data and the milk market

Purchase data and background data

In the empirical estimations we use a comprehenswel dataset from GfK-Denmark (a
marketing institute with branches all over the wpriThe data cover the period from 1997 to
2004 and include information about daily purchdsesndividual households. Additionally, a
wide range of social and demographic questionstabethouseholds (income, location,
media habits, favourite store etc.) and informatibout each individual in the household
(BMI, exercise habits, education, age etc.) arega@snually. In principle, every time a
household goes shopping the diary keeper repatpribe and volume of each good and
whether it is organic or conventional. For milk tfeta are reported at brand level. These
purchase data are combined with nutrition data sisdhe content of fat, protein, calcium etc.
for each type of milk. This means that wheneverwaskbold purchases milk, we know the
equivalent bundle of nutrients purcha¥e®n average 2,500 households report their
purchases on a daily basis which sums up to 10)/&@kly observations on purchases of

milk. The milk purchase data are aggregated up tatinipobservations in order to minimise
the amount of zeros in the dataset. This also mieemter-temporally separable model,
which we use, more appropriate since milk is a dorable good?® According to theory, a
single consumer is only allowed to simultaneousischase a number of goods corresponding
to the number of characteristics. In a world witbrengoods than characteristics it becomes
possible to violate this condition. If we obsenaibseholds purchasing three types of milk at
the same time, it means that there must be attiegstharacteristics. If we aggregate data,
we potentially violate this principle. It may be that prices in one week make it optimal to
combine skimmed milk with mini milk while the prisén another week make it optimal to
combine mini and semi-skimmed milk. If these weakesaggregated the result would suggest
that the household purchased three types of mmtkikaneously. The share of occasions
where more than one type of milk is purchased amsxe significantly with the length of the
aggregation period, but interestingly enough, tieres of purchases of more than two types of
milk remains relatively low (less than 5 per ceat),we choose to ignore the problem in this
paper. Households that only buy one type of milkstibute another problem in the data since

that gives little or no information about prefereaclLess than 2 per cent always buy only one

% For a throughout description of the data see S(2@a8)
39 Milk will only keep fresh for a little longer thamweek The market for UHT milk is minimal in Dentkand
almost all households buy and consume fresh milk.
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type of milk per month, while 61 per cent mix drééat types of milk in more than 30 per cent
of the months we observe we observe the household

Information data

Consumers receive information about the connedteween health and the intake of fat
through various channels. This includes the intefiaee-to-face conversations, television
and newspapers. As it is not possible to captuithede diverse types of information most
studies incorporating the effect of health inforimaton food demand use proxies to account
for the amount of information that consumers reeeome studies use the number of
published medical articles mentioning a link betwegake of a special nutrient and health
(e.g. Brown and Schrader, 1990; Kinnucan et aB7i€hang and Kinnucan, 1991; Chern
and Zuo, 1995; Kim and Chern, 1997, 1999). The bassamption behind these indices is
that the information in these articles is transadittiown to the consumer through various
means, e.g. newspapers and television. A moretdipgroach uses the number of relevant
newspaper articles and/or the number of televig@mmsmissions (e.g. Piggott and Marsh,
2004; McGuirk et al., 1995; Schmidt and Kaiser,£200erbeke and Ward, 2001; Smith et al.,
1988). The direct approach is used here as the nuohleticles mentioning a link between
the intake of fat and health are collected fromiBfamewspapers. The search is done in
Infomedia®® The basic search words are fat/fat-rich/low fatonnection with health, slim,
overweight, obesity resulting in 12 different comdtions of searches. Figure 4.5 shows the
number of hits for fat. The number of articles maslily increasing until 2001 and then the

number of articles decrease.

Figure 4.5: Absolute number of hits in newspaperskaout the link between consumption of fat and health
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0 Infomedia is a database collecting articles frdifDanish newspapers.
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The articles are aggregated over newspapers indepiyadf the size or location of the

article. Several of the indices introduced in fkerd&ture use a lag structure, as they find that
press coverage have a cumulative effect. This iedwwiimple cumulative indices as in
McGuirk et al.(1995) and Schmit and Kaiser (2004), declining sh&o lagged index values
as in Rickertsen et al. (1995) or more sophisttateuctures as in Verbeke and Ward (2001).
Based on the literature we choose to let the inéion last for a three-month peritAs we
have aggregated the data to monthly observati@mtbrmation that arrives at the end of the
month will have a larger influence in the next nfotitan the current month. Therefore, we
construct a floating index from the original newsgiaarticles where each article is allowed to

last for three months. This gives the informatioad® in each month presented in Figure 4.6.

Figure 4.6: Number of hits in newspapers per monththree months floating index
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The milk market

Until February 2001, there were four major typesndk on the Danish market: Whole milk,
semi-skimmed milk, skimmed milk and buttermilk. Wmilk has a fat content of 3.5 per
cent, semi-skimmed milk of 1.5 per cent, skimmetkrand butter milk has a fat content of
0.1 per cent. Furthermore, buttermilk is soured.rélmas been a steady decrease in the
consumption of whole milk since the introductionrseimi-skimmed milk in 1972. This
decrease has been accompanied by an increasedortb@mption of semi-skimmed milk
until the early 1990s (Statistics Denmark, 2008)ere the Danish authorities’ general

“LWe have also tried a cummulative structure witldaoay and a current index with no lags and theethr
month structure shows the best result. More sdphisd analyses of the lag structure will be agaitfurther
research.
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campaigns concerning fat intake were initiated.sEneampaigns affected the milk market by
increasing demand for skimmed milk and decreasiagiemand for semi-skimmed milk, as
illustrated in Figure 4.7. On the other hand, tim@eéased demand for low-fat food inspired
development of new low-fat varieties of milk. Inkdfeary 2001, a new type of milk (mini
milk) was introduced on the Danish market. This mgve of milk targets consumers, who
wants a product that tastes like semi-skimmed rgék has almost the low fat content of
skimmed milk. Mini milk has a fat content of 0.5rment compared to the 1.5 per cent in
semi-skimmed milk. This new type of milk took overpof the market for semi-skimmed
milk and reversed the increasing trend for skimma@, while the trends for whole milk and
buttermilk were almost unaffected as it is evideoin Figure 4.7. The December peaks for
whole milk is due to traditional eating during Gltmas, while the summer peaks for
buttermilk is due to another traditional dish cdlt&oldskal” eaten on (especially warm)

summer days.

Figure 4.7: The Danish milk market, January 1997 tdecember 2004
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During the rest of this analysis we will not take tonsumption of buttermilk into account,
mainly because it is soured and therefore the tidesotype of milk is rather different from
the use of the other types of milk. The total volurhenilk purchased in the same period has
been more or less stable. As explained above ttehase data are combined with nutrition
data making it possible to follow the consumptidmlifferent nutrients over time. Figure 4.8

shows the development in the energy share of fatasaturated fat and protein from milk
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from January 1997 to December 2004. The share ebfegumed in milk has been declining,
especially after the introduction of mini milk ireBruary 2001. The systematic peaks in

December each year is due to the increased consumgdtwhole milk around Christmas.

Figure 4.8: The purchase of nutrients
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In Smed (2005) and Smed and Jensen (2004) pristottias for milk were estimated at an
aggregate level both before and after the intradocif the new low fat type of milk. These
elasticities show that before the introductionre hew type of milk whole milk and semi-
skimmed milk was substitutes, which was also tree ¢ar semi-skimmed and skimmed milk.
After the introduction of the new low fat milk theers no longer any substitution between

semi-skimmed milk and skimmed milk, while semi-skied is a substitute to mini milk.

Table 4.1: Price elasticities before and after thentroduction of mini milk

Whole milk | Semi-skimmed Skimmed milk|  Mini milk
milk

January 1997 to February 2001
Whole milk -1.45 0.12 0.00 -
Semi-skimmed milk 0.30 -1.16 0.36 -
Skimmed milk 0.00 0.16 -1.00 -
September 2001 to September 2002
Whole milk -1.44 0.32 0.06 0.06
Semi-skimmed milk 0.78 -1.68 0.03 0.74
Skimmed milk 0.00 0.00 -1.00 0.00
Mini milk -0.01 0.30 0.00 -2.06

Source: Smed (2005) and Smed and Jensen (2004).

122



According to the characteristics model consumessth@ir consumption of different types of
milk to gain the optimal amount of fat. Before minilk a fat content between 0.1 per cent
and 1.5 per cent could only be obtained by consgrath skimmed and semi-skimmed milk.
After the introduction of mini milk consumers whallbw the characteristics model will

either mix skimmed and mini milk, or mini and seskimmed, which is exactly what
happened. The estimated change in elasticitiesateidhat the market for milk is probably
correctly described by a characteristics modeluifeigt.9 shows average prices from January
1997 to December 2004. Until just before the inticicbn of mini milk prices have been
rather stable with an average price of whole miétl\w@bove the other and semi-skimmed
milk as the cheapest. The prices of the “old” myjads increased just before the introduction
of mini milk in 2001 and this continued until thedeof 2003, meanwhile the price of mini
milk decreased. In 2004 all prices declined whidgghhbe due to a price war on milk
initiated by one of the larger retail chains anel ithtroduction of discount milk. This milk
does not exist in a whole milk version which migktthe reason why the price of whole milk
did not decline along with the price of the othgyds of milk. The introduction of German

milk in the supermarkets also forced prices down.

Figure 4.9: Development in average milk prices
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In the following figures the consumption of fatrmilk for different types of households is

described. Figure 4.10 illustrates the developrreaverage grams of fat per litre of milk for
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households where the head has different level aa&ibn®* In 1997 two types of households
distinguish themselves by consuming milk with géafat content. These are households
where the head has no further education or hadieoeheducation. Households where the
head has a longer education consume milk with @idat content. This has changed, in 2004
it is those with no further education and the I@tgElucated who consume milk with a high

fat content.

Figure 4.10: Fat per litre of milk for households vith different education
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Figure 4.11 illustrates the development in aveigrgens of fat per litre of milk for different
family types. In 1997 households with children begw the age of 0 and 3 distinguish
themselves by consuming milk with more fat peelitnan other households. Families with
older children seem to prefer a more moderate atrafufat per litre. In 2004 this picture has
changed since households with small children ngdoulistinguish themselves. This might
be because small children in 2004 no longer arennetended to drink whole milk, but
instead are encouraged to drink semi-skimmed rmlR004 households with no children
consume the fattiest type of milk. Even though hbokis with no children consume the
fattiest type of milk, they consume less milk saigeholds with children 0-3 years of age still
consume most fat in grams per person per week. dalkesparound Christmas are clearer for
households with no children than for other typebaiseholds.

“2\ocational oriented education is e.g. carpentersing aide; short further education is e.g. potias;
technical education; medium further educationgs eurse, school teacher, while long further edonas e.g. a
university degree.
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Figure 4.11: Fat per litre of milk for different fa mily types

No children Children0-3
------ Children 4-6 Children 7 - 14
19 4 Children 15 - 20

21

17 -
15

13

Fat/litre

11

Figure 4.12 illustrates the development in aveigrgens of fat per litre of milk for
households in different age groups. In generakrofmuseholds consume more fatty milk
than other households. Younger people below theoag8@ consume milk with the lowest fat
content. As they have a moderate consumption df this implies that they get the smallest
amount of fat in grams per person per week comparether age groups. The Christmas

peaks are most clear among households above 4&amimost non-existing for households

below 30.

Figure 4.12: Fat per litre of milk for households n different age groups
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4.3 Empirical considerations and estimation

We take prices as given for the individual housdsoand thereby focus on the demand side.
This is equivalent to the approach in Muellbaue7@)%nd Blow et al. (2005) and opposite
Rosen (1974) who focuses on both the demand anmdysside. The comprehensive dataset
that we use allows us to follow individual houselsobver a very long time (up to eight
years) so we can deal with individual heterogeneityre most extreme way by estimating
the model individually for each household. We conicee on the four main types of milk,
whole milk, semi-skimmed milk, mini milk and skimohenilk. All these types of milk exist
in both a conventional and an organic version.kNilassumed to consist of two
characteristics: milkiness and fat. Milkiness isttexplained as the characteristic that dis-
tinguishes milk from a mixture of calcium and waiez. the fact that you can use it in your
coffee, use it in pastry or on your cereals etee Onit of milk contains one unit of milkiness

independently of the type of milk, i.e. milkinessmeasured in litres.

Estimation of prices

We estimate a hedonic price function for severakets (different stores and different modes
of produce) using observed purchases from all coess. Demand is then estimated for the
households individually assuming that the househislitls several markets i.e. go into
different kinds of stores and buy both conventiara organic milk. This ensures
identification, since parameters that do not inflceethe demand function for the individual
consumer, namely other consumers’ preferencesieinfle the hedonic price function. As our
consumer only to a minor degree contributes to @acticular hedonic price function, prices
can be assumed to be exogenous. Furthermore, ubépreblem of endogeneity does not
apply since each consumer’s demand function ismestid individually. We assume that
supply is given exogenously, which is reasonabkaénmarket for foods since the individual
consumer’s decision cannot affect suppliers intigonic model for milk. It is assumed that
there are three types of stores: discount stovgermarkets and other shdpg:urthermore,
the country is divided into three regions: capgiaa, east and west since it is assumed that
the price of milk depends on which part of the doyit is bought in. Figure 4.13 shows the
share of milk bought in each kind of store in difet regions. In the capital the share of milk
bought in discount stores has been declining whaeshare bought in supermarkets has

increased a little. It is the opposite in eastawedt Denmark.

3 Other stores are bakeries, gas stations etc.
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Figure 4.13: Share of milk bought in each kind of tore in each region
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The following figures show how much of each of thamacteristics fat and milkiness you get
if you use one DKK on a particular type of mille.ithis is the empirical version of the
theoretical Figure 4.1. In 1997 one DKK used omskied milk provided 0.2 units of milki-
ness and 0.2 units of fat, while one DKK used ombmilk provided only 0.19 units of
milkiness, but 6.6 grams of fat. In 1997 and 20D@08 and 1999 are removed due to the
clarity of the figure) the consumption set constgtenly three points (skimmed, semi and
whole milk), while the consumption sets in the otjears have four points due to the

entrance of mini milk on the market. (2002 is reeawdue to the clarity of the figure)

Figure 4.14: The empirical consumption set, capitaldiscount, conventional, standard dairy
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In 2001 conventional mini milk is too expensiveg(#fficient consumption set is indicated by
the stipulated grey line) and the consumers shoicctually be buying it. That they do it
anyway might be due to that the product is newhemtarket and has been marketed rather
heavily. Similar consumption sets can be constdufdethe other markets.

Figure 4.15 shows the average price for differgpés of organic and conventional milk
produced at a standard dairy and bought in difteregions in either supermarkets or
discount stores in 200f3.From the figure it is clear that there are nordinelations between
the price and the fat content. This nonlinear cotiaes seem to be different dependent on
whether the milk is conventionally or organicallpguced hence the price function for fat is
different for organic and conventional milk, respegly. Together this implies that we have

18 different markets (3 types of stores, 3 regams two modes of produce).

Figure 4.15: The average price for milk in variousstores and regions, standard dairy

_ 51 DOPrice_skimmed
[J]

= OPrice_mini

v B Price_semi

e 3 B Price_whole

o | | | | | | | | | | |

Conv| Org |Conv| Org |Conv| Org | Conv| Org | Conv| Org |Conv| Org

Super Discount Super Discount Super Discount

Capital East West

Figure 4.16 is a crude illustration of the hedgice function for fat illustrated for selected
markets. The figure is used to illustrate the mokighind choosing a quadratic form for the
hedonic price function and separate markets foarmogand conventional. The figure is crude
in the sense that the average price of milk is gsetthe figure does not take into account the
distribution of consumer preferences. Skimmed nsilthe basis and the price of skimmed
milk is assumed to reflect the price of milkiness.(the amount of fat in skimmed milk is set
to 0 in these figures, which also is a simplifioatiin the estimations skimmed milk contains

“4 Other stores are left out of the figure. They havather small share of the market, in 2004 less 8% in
each region.

128



1 gram of fat per litre of milk). The price of fat then calculated as the difference between
the price of the milk in question and the priceskimmed milk since all milk is assumed to

contain the same amount of milkiness.

Figure 4.16: A crude empirical hedonic price functon for fat, year 2003, standard dairy
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In the demand model we treat preferences for nsilkegparable from all other food, which of
course is questionable as is all separability apsioms. Furthermore, we treat preferences for
milkiness and fat as separable from the mode afyme (organic or conventional) and dairy
(standard, discount or luxury dairy). As it appdansn Figure 4.16 the hedonic price function
for organic and conventional milk differs, but thedonic price function for fat is unaffected
by the dairy (not shown in the figure). This impltbat mode of produce is treated as a
separate market, while dairy appear as a dummymiitie hedonic price equation. This
means that 18 different versions of the hedonicepeiquation (4.9) are estimated, one for

each market.

2
pl,t = :Bmilkiness t+ :Bsmall_ dairy IED s+ 18 discount dairyED d- 18 atft Qfatl + :Bfat _sq,t[@ Zfat,t) t& it (49)

The constant accounts for the price of one litrtéfkiness”, D, andD, , are dummies
accounting for a luxury and discount dairy, resivety,* z.,,accounts for the content of fat

in grams. The polynomial of second order implies tha price of fat varies with the type of

“5 The base is here a standard dairy. Discount dairie mainly milk from foreign dairies, store bramdc. The
lukury dairies are local or speciality dairies.
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milk; as illustrated in Figure 4.16 it is more erpeve to get your fat from whole milk than
from semi-skimmed milk. The parameters from thisnestion result in a monthly implicit
prices of characteristics, one for each marketivadgnt to the two shown in Figures 4.17 and
4.18. As an example for the organic market in smaekets in the capital in January 1997 the
price of whole milk is equivalent to the price oflkimess, 6.82 DKK plus

0.0265[35= 093DKK for fat in whole milk, i.e. in total 7.75 DKKTo compare, the same
milk can be purchased for 5.13 DKK pl09295[35=  168Qual to 6.16 DKK at the

conventional market.

Figure 4.17: Hedonic prices for organic milkiness iad fat, supermarkets in the capital
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Figure 4.18: Hedonic prices for conventional milkiress and fat, supermarket in the capital
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To construct prices for each household the estimatpticit prices at each market are
weighted according to actual purchase patternghareghe organic or the conventional
market and in the three different stofé&or example, imagine a household living in east
Denmark who only consumes whole and semi-skimméki loalys in a particular month some
of their organic semi-skimmed milk in supermarkatsl some in discount stores. All their
conventional whole milk is bought in other shopse Phice per gram of fat will then be

calculated as:

p fat=

( fatsemlsup erEp semi_ faf orgsup er+ fat semj diQp semi fat org discoﬁ'nt fat whmg thole _fat other)
totfat (4 10)

The weighted price paid for fat over time averageer mouseholds is shown in Figure 4.19
(the price multiplied with the amount of fat bougter litre of milk). The fall in the value of

fat from the end of 2001 to the middle of 2002 nbigé initiated by a fall in the price of mini
milk relative to the price of skimmed milk as shoimrFigure 4.9. The changes in prices have
been accompanied by a general movement towardsrlegres of milk (see Figure 4.7)

which also adds to the lower price paid for fat. phiee of fat is much higher for fat from
whole milk (Figures 4.17 and 4.18) and the movenagraty from whole milk therefore
decreases the price paid for fat per litre of mitkthe middle of 2002 the share of whole milk
stabilised, and the price of fat from conventiomhble milk started to increase. The
combination of these two factors may be the re&sothe increase in the mean price paid for

fat per litre of milk from 2003 and onwards.

Figure 4.19: Mean price paid for fat per gram
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6 We assume that the consumer only buys milk irohis region.
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The choice of the quadratic utility function andemdto put the error term

The quadratic utility model is characterised by hgwa point with maximum utility and the
possibility of negative marginal as well as abselutility of characteristics. This makes sense
when estimating a model for characteristics. Fispasal is usually possible for goods, but
not always for characteristics. It is not posstblelispose of fat without disposing of
milkiness, and a positive utility of milkiness maytweigh a negative absolute utility of fat.

In one version of the model we assume that we plysdo not observe everything perfectly;

a household may in some periods like a charadterstre than in others due to influence
from non-systematic (or non-observable reasons)th&fefore include a time-specific
random error with mean O for each characteristic.

U(z)=z(a+&)-05F Bz, £~N(0,%) (4.11)

The derivative of the utility in (4.11) with respeotcharacteristics is then:

a_‘i =(a+€)-pz (4.12)

Disregarding technology and goods, the first omterditions from the Lagrange equation,

leads to the following demand function (see appe#ddi for derivation)*’

z=p"(a+¢)- (ﬁ"ln(n’ﬁ‘ln)_l) (n’ﬁ"l(a +¢)- x) (4.13)

This result has a fine intuitive interpretation. Bldhat:

%_L;:(mg)_gz:o@ 2= B (a+¢) (4.14)

the first part of (4.13) is therefore the consumptinat would be chosen if there was no
budget restriction. The last part of (4.13) is:

B (a+e)-x (4.15)

This is the difference in price between the opticmalsumption from (4.14) and the actual
budgetx. If the budget is binding the price of the optimahsumption is higher than the
budget, which means that the consumption is loten the optimal level in a world without

budget constraint. This can be seen directly frorh3¢(as long as prices are positive).

4" Theil (1971) optimises the utility function withibthe error term in the utility function.
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The middle term in (4.13) is

p _lﬂ( & _1”)_1 (4.16)

This term creates the link between the budget, titepand the actual consumption. This is
an interior solution, which means that we ignoreféct that characteristics cannot always be
combined just as the consumer would prefer. A boek at this demand function demon-

strates the problems that are involved in obtaimogpendent estimates ¢f anda . The

usual way of approaching the problem is to ackndggethat the world offers other types of
goods than the goods in question (here milk) asith@le way of including other goods is to
include a linear term which represents all othexdgo(or all other types of food). With a
linear term the quadratic utility function becongegsi linear which results in linear demand
curves (Gravelle and Rees, 1992). This gives sostaaons in relation to the optimal
consumption of milk since the optimal consumpti®avhere the marginal utility of milk
equals the marginal utility of other goods (or fepahich is assumed constant. This also
implies that there is no income effect for milk ahd marginal utility of money is constant.
As we assume this to be unrealistic we use anajp@oach exemplified in the equations
below. A trend is introduced in the model in orteecatch up with changes in preferences
over time S is assumed to be a diagonal matrix (a matter n¥eonience). The trend is made
exponential (a matter of empirical evidence) andeaidto the alpha parameter, but is not
assumed to be a part of the normalisation of thkeaa (the alphas is assumed to sum to one).
These decisions are based on empirical evidencaghnepeated reformulations of the

model. In a two characteristics world equation 1 lboks like:

U(z)=2Z(a+e+1In(1)-0528z

4.17
:(al+£1+rlln(t))zl+(a2+£2+r2|n(t))22—0.5(,812;[3222)( )
which means that in optimum we have:
oU/dz, _ (al+5l+rlln(t))—,8121 _n 4.18)
0U/dz, (a,+e&,+1,In(t))-Bz, '
rearranging leads to:
(ay+&,+1,In(t)) - Bzgr,=(a + € 4T ()-8 z 7 (4.19)
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which can be further reduced to:

£ +£Z% =(a,+1,In (t))%—(0’1+ r,In(t)) +,8121—,82% z, (4.20)
2

2 2

If we use the fact that
X=TLZ+ 7Tz, = =22 (4.21)
7
and substitutez, into equation (4.20) it becomes:

7 () 7% - In(t X gy g, (422
avey=(@rnn () (e rin(O)+ B —fr 2By (422)

2 1 1

If we normalise the alphas to sum to one in eacloge; +a, =1 and&, =0and re-

introduce the household specific notation we get:

5{2=(a2+rzln())nﬂ ~(1-a, +1] |n())+,31hxt /3% h ﬁ;%zg (4.23)

t

Demand can also be expressed much simpler mdemand version (Browning, 1999),
which implies that demand for one good is expressed function of demand of a reference
good, here milkiness. As long as the reference goadrmal this is a satisfactory measure of
utility conditional orprices. This means that with the same restrictisrabave (4.23) can be

expressed as:

& :(a§+r§In(t)) —(1—a§+rlhln(t))+,8“zh (4.24)

CTEY

ﬁzn;

Above, we have assumed that consumers experiendemashifts in preferences. If we
instead assume that changes in preferences aessgt, the random part of alpha
disappears and instead we assume that we do nstireeaonsumption perfectly, a random
term is added to thes. The random terms on tlas are connected by the budget:
X127 -1,(2+¢)

7

x=15(z+&)+m,(2+¢&,) = &= (4.25)

and we can therefore only identify one error tée choose to assume that milkiness is

observed perfectly, but fat is observed with uraety. Then (4.23) becomes:
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4

O:(ag+r§In(t))F—(l—a§+rfln(t))+[)’ nl“ - B! F(Z;+5;)— hz (zp+&))
(4.26)
and them-demand version (4.24) becomes:
0=(aj +1} |n(t))i—(1—a;+rlh In(t)) + Bz; - 2“”3 (z3+¢)) (4.27)

7, 7,

In the classical demand functions we know thatoildget is endogenous and in the
demand versions that s endogenous due to the correlation between natid and fat
through the budget. In the budget version the budgesion is instrumented by the total
budget for milk (i.e. milk including buttermilk, oleolate milk, milk with taste etc.) and in the
m-demand versions we choose to instrument by theethgglue of milkiness and the total

budget for milk. The instrumentation is done forfrehousehold individually:

h _

Z =0z i+ 0= Z'=n173 #noX (4.28)

where Z}_, is the lagged value of;, and% is the budget for purchases of all types of milk.

We include both the estimated vala@ and the residual in the estimations; this is dafle

control function approach (Blundell and Powel, 20@juation (4.24) then changes to:

& =(a+1] In())”ﬂ ~(1-ag+riin(t)+ i+ (20 7) - /3377.1 7z (429

2t
The other versions of the demand functions changfgeeisame way due to instrumentation.

4.4 Results: Where to put the error-term?

As econometricians we never observe everythingeptyf and it is therefore important to be
aware of the assumptions we make about what is\sx$@nd what is not. In this paper we
choose to investigate whether preferences areljgareably) volatile, or whether we do not
observe the optimal consumption perfectly (measargrarror). The question is whether the
error terms in the utility function (equation 4.Rould be placed on the structural
parameters or on the consumptf8if the error terms are placed on the parametenseans

that preferences change from period to period,vilapwe cannot predict. If the error terms

“8We have not been able to estimate a model witht é2rms on both parameters and consumption.
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are placed on the consumption, it means that @ebées are stable over time, but we do not
observe the optimal consumption perfectly. Wherosihgg between models, we ignore the
censoring problem (illustrated in Figure 4.2) amtyestimate on households that are not
censored (n=275). We estimate the different modelsehold by household, using GMM.
We estimate both the traditional demand equatiahtbem-demand with error terms on
alpha and with error terms on consumption. Thisdaadour different models; (4.23), (4.24),
(4.26) and (4.27). The results from these estimataye compared in order to find the best
model and decide whether preferences change awer(tandom utility error model) or
whether we observe consumption imperfectly (measeant error model). The models are
estimated in the period before the introductiomaii milk and predictions are calculated
both in the period before and in the period afer. each model and each household we
calculate the mean of the squared difference betwetial consumption and predicted
consumption. In Figure 4.20 the Cumulative DenBiinction (CDF) of these mean squared
errors is pictured. The line at 1,000 indicates amexror of approximately 31.6 per cent. In
the model with random utility more than 60 per deswte more than 31.6 per cent error while
only 40 per cent in the model with measurementrelnathe prediction period the model with

measurement error also performs better than theehvath random utility.

Figure 4.20: Mean squared percentage error on fatandom utility model and measurement error model
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Based on the above realisation of the model we sthtm estimate a classical model with
measurement errors. This allows us to estimataribarim-demand with measurement error
as a two-side censored Tobit model. Furthermorenelade exogenous information to

account for changes in preferences over time.

4.5 Final model formulation: Tobit estimation, censoring and information
We model the influence from information as additrethe alpha parameter, which implies
that information decreases the marginal utilityadfwith the same amount independently of

how much fat is consumed. This is illustrated inuFeg4.21.

Figure 4.21: The way information influences the maginal utility for fat

1.6
1.4 1
1.2 1

14
0.8 1
0.6 1
0.4 1
0.2 1

0

— Without information

With information

Marginal Utility

0 5 10 15 20 25 30 35

Grams of fat

This means that we get at utility function of thenid'"

U(z.2)=a,z3+(a,+7,n()+y,) 2-058,%+8,% (4.30)

We do not include the trend and the informatiothimnormalisatiofa, +a, =1) .
Them-demand from (4.27) becomes:

O=(O’2 *7, ln(t)"'yzl )%_(1_a2)+ﬁ121_182%(22+€:2) (4.31)

which can be rearranged to:

22:a)l+a)2In(t)+a)3l+a)4ﬂ+a)sﬂzl+f2 (4.32)
£ 1
1_
where a)l=&, w=22 @="2 a)4=—( 02), a)5=ﬁ (4.33)
B, B, B B, B,

“9 Due to the stability of total consumption of milkd to save on degrees of freedom we choose here to
formulate the model with only a trend on fat.
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(1-a,) 1 1

Note thatw, = - =w-— < — =w,—w,, which means that the relationships are:
B, P B
w, 1
a= —40)' azzwi)la)’ ﬁl:wa—)sa)’ 'Bzza)—a)
a{ 4 1 4 1 4 1 4 (434)
r,= ) . ¥,= ;s
-, W,

The equation can of course also be estimated gyl the dependent variable. The

identification issues are equivalent.

Estimation of final model

It is not possible to buy a litre of milkiness wotlt buying at least one gram of fat (skimmed
milk), and it is not possible to purchase more tB&amgrams of fat per litre of milkiness
(whole milk). These restrictions mean that the !l solution in (4.13) cannot always be
obtained. Households that have preferences forwitkk less fat than skimmed milk and
households that have preferences for milk with nfiaréhan whole milk are censored. This
problem is solved by estimating a Tobit model vistlo-sided censoring (Amemiya, 1984;
Tobin, 1958). As the model is estimated for eaahskbtold individually the actual equation

to estimate with instruments (see 4.28) becomes:

Vi , m,
Z =+ In(t)+ el + o) 2+ w22+ w2 ()~ 7 )+ &) Z< <35 3
2 () ﬂh nh ﬂ]t;( ) e

(4.35)
After estimating the parameters we then predicsaorption of fat both in the estimation
period and in the prediction period, ignoring tife& of the residual and using the true value

of z} instead of the instrumented variable:

. Ty
z;‘tzazl"+a)gln()+a)3lt+a)hn?t + W, Fz (4.36)
We then calculate the predicted milkiness from #md the budget and prices:
o X T2,
2 = (4.37)
oo

Figure 4.22 shows the distribution of the mean seplipercentage error on fat in the final

estimation of the Tobit with two-sided censoringhwinstrumentation. The model is
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estimated over the whole period with and withoehtr and information. It is evident that the
model which includes a trend to account for chaggireferences for fat does better than a
model without a trend. Including information alongh the trend improves the model

slightly.

Figure 4.22: Mean squared percentage error on fatn an instrumented Tobit model with and without
trend and information
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Note that the distribution of squared percentagergin figure 4.20 only includes households
who never buy only one type of milk (n=275). Figdt22 contains both a curve for
households that never buy only one type of milk emdves for all types of households. The
households that never buy only one type of milk/gte the highest level of information
about preferences and therefore lead to much bag¢han the average household in the

sample.

4.6 Results: Final model formulation

The estimated parameters give a range of posmbitib investigate household preferences for
fat. One of the features of a quadratic utility functisrthat it is possible to calculate a bliss
point for fat and for milkiness for each househalel, the preferred amount of fat and

milkiness bought if there were no prices Afis diagonal the bliss points can be calculated

from the utility function (4.30) as:
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h h h h

. Q. a,+7)In(t)+yl
Zﬂzlh and 2;22 2 r(1) y2t
B B,

(4.38)

Where zis milkiness andz, is fat. The optimal fat per cent can then be dated from
(4.38):
2 _(ag+r3in(t)+ ) A

= 4.39
2 alf; .

Both the optimal fat and the optimal fat per camt@anging over time due to the influence
from the trend and information. Apart from the bloint and the optimal fat share of fat in
milk we also look at the own- and cross price &é#sds. The derivation of the own price
elasticities and cross-price elasticities betwedkimess and fat are shown in Appendix 4B.
The rest of this section is divided into subsedieach concentrating on one type of results.
The first section analyses whether we are ablegdigt who is buying which types of milk
within and out of the estimation period. The secsualdsection concentrates on describing
optimal fat shares for different types of househplghile the last section focuses on policy
issues, how to regulate consumption of fat fromkmiilo get more reliable results only
households which buy more than one type of milkertban 30 per cent of the time are used
in the figures below.

Are we able to predict who will actually choose try Inini milk?

If the characteristics model is appropriate we ¢ugtbe able to predict who will buy mini
milk based on parameters estimated in the peritmdéhe entrance of mini milk. We do not
expect to be able to predict in all possible futlme to exogenous shocks, but only within a
reasonable time-span from the estimation periagur€i4.23 shows the share of different
types of milk bought in October 2000, a few mortibfore the entrance of mini milk,
separated by predicted optimal fat shares basedtomated parameters in the period before
the entrance of mini milk. Note that the optimalghare is the amount of fat per litre of milk
the household would prefer if there was no budgestraint and no prices. The fat-haters
(optimal fat share <1) have a volume share for sk@&ah milk close to 80 per cent. The share
of skimmed milk is declining with the optimal fdiare. The opposite is the case for the

volume share for whole milk. The fat-lovers (optlrfe share > 35) have an almost equal
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share of whole milk and semi-skimmed milk. This htige due to prices since this group of

households are found to be rather price elastic.

Figure 4.23: Predicted optimal fat share compared wth actual purchases of milk in October 2000
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Figure 4.24 shows actual volume shares of differgres of milk in October 2001 ten months

after the entrance of mini milk separated by predioptimal fat share based on parameters

estimated in the period before the entrance of mitk i.e. predicted optimal fat share is

based on estimations in the period before, whilteadconsumption is calculated in the period

after. Generally, the volume share for mini mikkslibetween 10-20 per cent for all

consumers. This indicates a period where most halge try the new type of milk, perhaps

initiated by heavy marketing strategies. Mini mskstill rather expensive compared to other

types of milk. Apart from the small share of minikramong all types of consumers the

consumption is not very different from consumptidustrated in Figure 4.23.

Figure 4.24: Predicted optimal fat share compared wth actual purchases of milk in October 2001
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Figure 4.25 shows predicted optimal fat share basegstimated parameters in the period
before the entrance of mini milk and actual purehafsmilk in October 2004. This means
that we are four years out of the estimation perddhis point mini milk has gained an
almost stable volume share and prices have dedmadeasonable level. We expect mini
milk to increase its volume share especially fasthwith an optimal share of fat between 1
and 15 grams per litre. This is also what happeutsthe volume share is also increasing for
the fat-haters (optimal fat share > 35). But gelhepaedictions are not out of proportions
compared to the estimated optimal fat share in I@gt8000, i.e. the characteristics model

appears to be suitable to describe the milk market.

Figure 4.25: Predicted optimal fat share compared ith actual purchases of milk in October 2004
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But predictions get worse as the prediction pegets$ further away from the estimation
period, due to exogenous shocks. The last Figa therefore shows actual purchased
volume shares in October 2004 separated by predigtemal fat shares based on parameters
estimated on data from the whole period both bedokafter the entrance of mini milk. This
picture is more in accordance with expectationsesthe largest share of mini milk is
consumed among the low to moderate fat consumets (frams of fat per litre) and have
gained some market share from the households withhaoptimal fat share. It is interesting
that the share of mini milk is so high in the grafery low fat consumers (those that prefer
a fat share <1 gram per litre of milk). This midiet caused by the extremely low relative

price of mini milk as compared to skimmed milk,itis seen from Figure 4.14.
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Figure 4.26: Predicted optimal fat share in Octobe2004 compared with actual purchases of milk
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From this we conclude that the structural char&ties model does a fair job of predicting

who will buy the new mini milk.

Valuation of fat for various social and demograpgroups and over time

The optimal fat share shows the type of milk thathouseholds would buy if there were no
prices and no budget. Especially in marketing stias, but also in the design of public
campaigns with the aim of decreasing the intaksatdrated fat it is useful to know the socio-
demographic characteristics of the target groups 3ubsection shows differences in optimal
fat share for different types of households andhgbka over time. Table 4.2 shows the
percentage of households with various combinatidroptimal fat and optimal milkiness
values. Households with a negative optimal fat @alnd a negative optimal milkiness value
ought not to be buying milk. There are only a févthese (between 2.4 and 3.7 per cent of
the panel). They are deleted from the figures bebolittle more than four fifths of the panel
have a positive optimal value of both fat and nmiélgs. Most households have a positive
optimal fat share. A negative optimal fat shareliegthat the households would prefer milk
with no fat and they think of the fat that comesng with the milkiness in a litre of milk as a

nuisance. Those with a positive optimal fat shagard fat as a good to some extent.
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Table 4.2: Percentage of the households with diffent combinations of optimal fat, milkiness and fat

share
Optimal fat < 0 Optimal fat> 0 Optimal fat share *
Optimal milk Negative Positive Negative Positive Negative Positive
1997 3.7% 8.1% 5.2% 83.0% 13.8% 86.2%
1998 3.2% 7.7% 6.2% 83.0% 14.3% 85.7%
1999 3.0% 6.1% 6.3% 84.6% 12.8% 87.2%
2000 2.6% 6.5% 6.8% 84.1% 13.7% 86.3%
2001 3.7% 14.5% 6.3% 75.5% 21.6% 78.4%
2002 2.6% 7.9% 7.5% 81.9% 15.9% 84.1%
2003 2.4% 9.1% 8.5% 80.1% 17.9% 82.1%
2004 2.5% 9.7% 7.6% 80.3% 17.7% 82.3%

* The optimal fat share (optimal fat share = optifatoptimal milkiness) is only calculated for temholds with a
positive valuation of milkiness

Figure 4.27 shows the change over time for theitlefusiction over optimal fat shares for
households that are in the panel the whole permd f1998 to 2003 (this gives in total 447
households). The distribution is calculated asraddeaegression with Gaussian kernel (see
e.g. Blundell and Duncan, 1998). The figures shimarty how the optimal fat share declines
over time. The stipulated areas in the figures stimarea where it is not possible to reveal
preferences i.e. households will have to buy miithva smaller or larger fat content than

actually preferred.

Figure 4.27: The density function for the optimal &t share over time
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Figure 4.28 and Figure 4.29 show the optimal méksmconsumption together with optimal

fat share. The milkiness haters are left out offidneres due to the definition of the optimal

fat share. All columns in the figure sum to one.nylaouseholds, 40 per cent of the panel,
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have a moderate optimal milkiness consumption amd@erate to high optimal fat share
(optimal fat between 5 to 35 grams of fat per )itre2004. The fat-haters (optimal fat share
less than 1) are represented in each group ofmeiis attitudes while the fat-lovers (optimal
fat share 35 or above) are concentrated among thiosgrefer a low milkiness consumption.
There are no fat-lovers who prefer a high weeklystonption of milkiness. The change in
preferences towards milk with lower fat share eaclwhen comparing the combinations of
optimal milkiness consumption and optimal fat shar&997 (Figure 4.28) with 2004 (Figure
4.29).

Figure 4.28: Distribution of the panel over different optimal fat share and milkiness in 1997
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Figure 4.29: Distribution of the panel over differet optimal fat share and milkiness in 2004
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Figure 4.30 shows the optimal fat share for houkishwith different education. There is not
much difference between households with no or wocal education, while households with
a longer or medium further educatidprefer a lower fat content. Households with a shor
education show a distribution with two bulks, omewsnd 12 and another around 32 grams of

fat per litre of milk.

Figure 4.30: Optimal fat per cent for households irdifferent educational groups, 1997
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Figure 4.31 shows the distribution over fat shareafcombination of education and age, note
that the educational definitions here are slighifferent, namely divided into practical and

no education versus theoretical education. For eatie age groups the theoretical educated
prefer milk with lower fat content.

% For a detailed description of the educational gsosee Smed (2008)
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Figure 4.31: Distribution function over fat share r a combination of education and age, 1997
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Figure 4.32 shows the change in the cumulativeildigton over optimal fat share for

combinations of age and educational groups. Fardiduseholds (45 years or above) there is
a larger difference between educational groups fivayounger (below 45). The change from
1997 to 2004 seems to be equally large for prdatictneoretical educated younger house-

holds while the practical or no educated older el@®e their optimal fat share more than the

theoretical educated older.

Figure 4.32: Change in CDF of optimal fat share focombinations of age and education
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Finally, Figure 4.33 shows the distribution ovetimgal fat share in 2004 for combinations of
BMI>! and education. Again, the theoretically educatmsskholds have a lower optimal fat
share than households with no or practical educakiot interestingly it seems like obese
individuals prefer a lower optimal fat share thiaose with normal weight. This might

indicate that the consumption of milk is an are&selht is rather convenient to save calories.

Figure 4.33: Distribution of optimal fat share for combinations of BMI and education
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Political implications — who can be affected by peand information

It is of great interest to investigate the size sigeh of the price elasticity, the trend and
information parameter for households with differeptimal fat share. Is it the fat-lovers who
decrease their consumption of fat according tormédion or over time or are they more
sensitive to price changes or both? In the follgnfigures the panel is divided into groups
according to their optimal fat share and theirdrand information parameters are compared
together with own price elasticities for fat. A a¢ige trend parameter indicates that the
optimal amount of fat in grams per week per pexmotne optimal fat share decline over time,
while a negative information parameter indicates ttouseholds decrease their optimal fat

share according to the incoming information abbetrelation between fat consumption and

51 Questions of height and weight for each individaahe household are only posed in 2004. BMI isaiated
weight( kg)
height( m* heighf

is defined as having a BMI above 30.

as: BMI = Overweight is then defined as a BMI above 25 Halbw 30, while obesity
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health. On average, 57 per cent of the househalgs & negative trend parameter. Figure
4.34 shows the share of households with negatideganitive trends, respectively, separated
by optimal fat share (the columns within each greum to 1). In general, households that
like fat (the fat lovers who prefer an optimal $aare > 35) have a larger tendency to have a
negative trend for fat, while households that dblike fat (optimal fat share < 5) have a
larger tendency to have a positive trend than Wieeamge. Most households with a moderate

fat share do not change consumption (the trenchpetea is around zero).

Figure 4.34: Optimal fat share and the trend parameer in 1997
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Most households have an information parametergumsind zero. A positive and significant
reaction to information gives no meaning in therent model. Of great interest is the 11 per
cent of the panel having a large reaction to infttan (an information parameter below
-0.0005). One fourth of these are fat-haters (ogitfiet share < 0 grams per litre) while one
third are high fat consumers (optimal fat share-32grams per litre) and another fourth are
fat-lovers (> 35 grams of fat per litre). Figur8%8 shows the sign of the information
parameter separated by optimal fat share (colunithénveach group sum to 1). The figure
shows clearly that those who react to informatianeather the fat-lovers or fat-haters. Those
who reacts the least are moderate to high fat coes
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Figure 4.35: Optimal fat share and the sign of thinformation parameter in 1997
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Figure 4.36 shows the price elasticity separateddtiynal fat share (columns in each group
sum to one). Most households have a negative oea plasticity for fat (17 per cent have an
own price elasticity of O or with wrong sign). Asuoh as 45 per cent are rather price elastic
with an own price elasticity below -0.2. This frgwclearly shows that fat-haters (optimal fat
share below 0) and low fat consumers (optimalhare between 0 and 5) are not very price
elastic, while the fat-lovers (optimal fat sharéator above) and the moderate to high fat
consumers (optimal fat share at 5-35 grams pe) litre rather price elastic. That the fat-
haters are price inelastic comes naturally fronseh@ouseholds being on the edge and the
closest they are to having their preferences fletfiare by consuming skimmed milk. The
prices of the other types of milk would have toroiparadically to make these types of milk
attractive to the fat-haters. More interestinglit ihat the fat-lovers, who are also on the

edge, but in the other end of the possible consiemget, are rather influenced by prices.
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Figure 4.36: Optimal fat share and mean own pricelasticity in 1997
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4.7 Conclusion and discussion

The market for milk is suitable for economic anaysnce almost all Danish households
purchase milk and the characteristics inherentilk ane well defined. During our data period
there has been a significant decrease in the cgrtsamof fat from milk without any

particular decrease in the total consumption oknihis decrease has been due to both
changing preferences for fat and the entrancenefralow-fat variety of milk. In this paper,
the demand for fat in milk has been analysed imuctral characteristics model for milk.
Estimating a structural model makes it possiblsgparate preference for milk from the
influence of prices, trends and information. Thalgsis state that a model with measurement
errors performs better than a model with randorampeaters in the utility function. The
entrance of a new type of milk with the same charéstics as existing products on the
market, but in new proportions, makes us capabtesting whether the characteristics model
is appropriate to analyse the market for milkhé tnodel is correct the households with an
optimal fat share between 1 and 15 are those titiadtemhe target groups for this type of

milk since mini milk has a fat content at 5 granes litre. This is true to a large extent. Those
with the largest volume share of mini milk are itv to moderate fat consumers. This
implies that the characteristics model is considéoebe appropriate to describe the market

for milk.
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Over time consumers seem to prefer milk with l@eésThis change seems to be due to both a
general trend and for some consumers also theesimékei of information. In 1997 households
with small children preferred milk with a highet &hare than other types of households, in
2004 this had changed, presumably because chitdilew the age of 3 now were recom-
mended to drink semi-skimmed milk instead of whulé. Higher educated households
prefer milk with a lower fat content than lower edted, but for households where the head
of the family is above 45 this difference seemdisappear over time. Interestingly, there are
no large differences between weight groups ancepeates for milk. It even seems like obese
and overweight have preferences for milk with adofat content than normal weight
individuals. Both among those who consume milk mderate and in low amounts there has
been a decrease in the preferred optimal fat siiaeemajority of the fat-haters (those with

an optimal fat share below 0) have a positive triartie optimal fat consumption while most
fat-lovers (optimal fat share above 35) have adarggative trend for fat. This indicates that
households that prefer milk with a high fat contéetrease their consumption of fat more
than other types of households. Most householdgtieéer milk with a high fat content are
moderate milk consumers (i.e. prefer less thatrd & week). It is therefore important to take
the amount of milk consumed into account when gtedj the changes in total amount of fat

consumed, not only the share of fat.

In order to plan, design and implement politicaémentions with the aim of changing con-
sumers’ preferences for fat it is of major impodano know how to reach the target groups.
Most households do not react to information, bubagithose who do, there is an over-
representation of fat-lovers and the fat-haterf®rination might therefore be one way to
reach households that prefer milk with a high tattent. However, using information to
change consumption might also influence the fagdsait is therefore important to consider
what happens if the fat-haters get lower preferefmefat. Price policy might be a more
effective way to reach high fat consumers sincetrhogseholds have a negative own price
elasticity for fat. Households that prefer milk kva fat content lower than 5 grams per litre
are mostly price inelastic so the price instrumititnot influence the fat-haters to the same
extent as will information. The price instrumentlweach a broader group of households
since also moderate fat consumers are rather geitgtive. This is of great importance since
there is a larger share of high milk consumersetéoind among the moderate fat consumers.
Introducing new products on the market might als@loute to having consumers decrease

their consumption of fat from milk. This might baportant since on average 5.7 per cent of
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total saturated fat consumption comes from milkhi$ is decreased by two thirds due to a
change from semi-skimmed milk to mini milk this lWhiave significant influence on total fat
consumption. Another consequence of new producte@market might be that often new
products are accompanied by a huge amount of asingrtThis was also the case when the

mini milk entered the market. How this advertisinfluences preferences might be a route
for further research.
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Appendix 4A: Derivation of demand function given quadratic utility

Assume the utility function:
U(z)=(a+&) 2-0.5¢ Bz & ~ NOZ) (A1)
Wherezis quantities of characteristics purchased. Thelbmirof characteristics & so the

dimension ozis J x1. Let /7 be the price of the characteristics. This leadbé¢o

maximisation problem:
maxU (z)
z (A.2)

stx=7mnz

The Lagrange equation becomes:
L(zA)=U(2)-A(7 z-
(24)=0(-4(r =y ws
=-0.5ZBz+(a+¢g) z=A(7 = %

and the first-order conditions become:

L= Br+(a+e)-Am=0 (A4)
Lz
&=n’z— x=0 (A.5)
0A
We would like to find the demand function, so walase z (A.4.), which leads to:
z:,B’l((a+£)—/l77) (A.6)
combining this with the budget restriction in (AlBads to:
0= z’(,[:"l((a+£)—)ln))— X
=ZB (a+e)-AnB m-x
(A.7)
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Inserting this in the first order conditions in Geads to:
z=p"((a+e)-An)
=p* ((a +&)- (77’,[:"171)_1 (n’[a"l(a +&)- x) n)

Rearranging (A.8) leads to:
z=F"(a+¢) —(,8‘177(77’,8‘177)_1)(77’,8‘1(0 +£)- x)

with the dimensions:

-1
_ p-l -1 -1 -1
z=pB |a+e|-| B mlapB 76 |a+e|-x
at [ e e [ sl Ao bl = e - - ~
Jx1 IxJ Jx1 Jx1 IxJ Ix1\ X J XxJ X1 xJ X J K1 X %1
N [ — —
Jx1 1x1 Jx1
\_ﬁ——/
Jx1 Ix1 1x1

(A.8)

(A.9)

(A.10)
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Appendix 4B: Derivation of elasticities in the Tobit model
Fat:
The predicted demand for fat is given by:
22:a11+a)zln()+a)|+a) 2+ 2 7, (B.1)

1

If we remember that the relationship between méks) fat and the budget is:

= XThY - XThG (B.2)

z :
£ T,

we can calculate the demand for fat as a functidheobudget instead of the milkiness:

:(#j(wﬁ%ln( t)+ ;| + w, %Hd%%j (B.3)

this can be translated into:

E f, [‘b
(B.4)
1T, 7T, X
fzznfl 925”12"'0)5”3’ h25w1+w2|n(t)+wal+w4zz+w5;j;1
In general, the derivative of a function likeis:
a[fhj ggf_fgg f oh
d /- 9% Oy, 1A (B.5)
oy g goy
In order to calculate price and income elasticitiesneed the derivatives:
of, of of og 0g
=21, 2=-0, —2=0, —=2= ,—2 (
o £ a7, ox or, % an = W 6.6)
M oy X O @, X Oh_ |
o T wsnf om, m, m ox o
Define
D=7z +awrm
(B.7)

C=q +wIn(t)+w,l ra, 2

159



then the elasticities become:

f
d ZhZJ
0z, 75 _ (92 m_[277 (oL W TR X Ll o X1 g
, o Yo m)) g

o7t z, o, mm) D 1
on) i
azzl: 9. EZ _20% L C+a%ﬂi +£ C()4+C()5l ﬂ (Bg)
om z,  0m, g, o ) D m)) %
o o)
9 X__\% )X_wmnX (B.10)
X Z, X g D 2
Milk:
From the equations (B.1) and (B.2) it is also dassio calculate; as a function of the
budget:
_| 47, L, X
= ——— ||  w-w,In(t)-w,| ~w,—=+— B.11
4 (%ng_l_n_lzj( 2 2 ( ) 3 477i 7T2j ( )

Just checking:

Remember thatC = ¢4 +w, In(t) + w,l + w,”2 and D = p? + 2. Then (from (B.3) and
A

(B.10):

_(mm )\ X _(m 1T, X

= = -C|, z=|2| Cta22= B.12

(e (Bl een -
and the price of the choices is

Lz, + 1,2, = ﬂl( ﬂiﬂzj(ﬂl_ Cj+ﬂ2(%j( C+ wS%%j => (B.13)
1

as desired.

In order to calculate the elasticities we refornriia in the same way as we reformulaied

in (B.4):
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_f
z glh
TT

flzﬂlﬂzl 91577?"'6‘)577221 hls—wl—wzln(t)—wg—wﬁ+—
LT

again we calculate the derivatives:

i:]?‘z' i:]?i’ %:O, %: 2]7;“ %: 20577'2, %:
ar 07T, ox o, or, X
n_p% N @ x oh_1

" oox o,

am : ]71.2 , anZ 1 2

and again this leads to a set of elasticities:

g
onm_ \G% )7m_

WL~ _~, X ), 02| |5
oz, 0m z D T, D ) %
o)
oz \o m _(mE-wm)  x), mm( e, x)|m
om, z, 0m, z b T, D\ m m))z
f
o0l L
9z x _ (glhljl:ﬂ_x
X Z ox z Dz

(B.14)

(B.15)

(B.16)

(B.17)

(B.18)
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Abstract

This paper addresses how consumers process infemabout health characteristics in fish
and transfer into changed consumption patterns@rmation about the positive nutritional
effects of fish consumption applies generally tih batty and lean fish, while information
about dioxin is especially related to fatty fisbn# consumers may know that it is possible to
avoid the risk of dioxin poisoning by substitutangay from fatty fish and toward lean fish (a
sophisticated reaction) while other consumers matybe able to make the distinction
(unsophisticated reaction). A third way of reactimay be to ignore the information
(ignorance). Consumers’ choice of strategy is dateed by estimating a two-stage demand
system (AIDS) for each household, with new infommateated as an adjustment to the
prices. We find that approximately half of the aonsrs ignore the negative information,
while two third choose not to react to the positivermation. Conditional of reacting to the
negative information half of the consumers choosepisticated strategy. Based on the
initial estimations a Probit is estimated to idéypttonsumer characteristics that seem
important for the choice of strategy. We find tegpecially age and education are positively
correlated with the probability of choosing a sagitaated strategy while the volume share
for fish heavily influences the probability of réiag to both negative and positive
information. To our knowledge this is the only raidata study analysing differences in
consumers’ information processing strategies.
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Introduction

Consumption of food typically satisfies needs saslhunger or thirst and generates pleasures
of taste that are directly observed by the consumeaddition food contains healthy nutrients
and in some cases also detrimental compounds widlyative effect on health. These are not
observed directly at the time of consumption amadfore consumers may be uncertain about
the underlying cause-effect relationships betweerfaod they consume and the health
effects. Their beliefs about these relationshipyg tharefore be affected by information
provided through news media, advertising, labeliolgemes, information campaigns, etc.
Often both positive and negative health effectthefsame food are communicated to
consumers at the same time through various mediavah various means. Food safety
scares in connection with the revelation of higtk detrimental compounds in foods like e.g.
BSE and salmonella have in some cases had draefiztits on food consumption (Verbeke

et al., 2000; Verbeke and Ward, 2001; Piggott amdskl, 2004; Smed and Jensen, 2005).
One might therefore suspect that also informatlmoua nutrients and other compounds with
long-term cumulative positive and negative healtbots may influence consumer behaviour,
but that the reaction patterns are different fraforimation about compounds with short term
health effects. At any rate, the practice of a¢yiveforming consumers about the long-term
cumulative positive and negative health affectthefdietary choices is widespread and thus
understanding when and how different types of imfation affect consumers seems
increasingly relevant for policy-makers as welf@sproducers, retailers and marketing

strategists.

The idea that information and knowledge play aialuole in food demand is not new in
economics. There is a substantial literature ingashg how various types of exogenous
information about long-term cumulative positive aredjative health effects influence the
demand for foods. A number of studies using agdesyae-series data find significant
evidence that public information campaigns, thd-sper effect from scientific articles and
mass media stories about long-term cumulative hediécts influence food demand (Kim
and Chern, 1999; Brown and Schrader, 1990; Chadd&anucan, 1991; Rickertsen et al.,
2003). Generic advertising seems to have littleaeffect (Rickertsen, 1998; Piggott et al.,
1996; Kinnucan et al., 2003) while brand advergdmas a large effect both alone and in
combination with generic advertising (Chang andriican, 1991; Tellis, 1988). The idea
that social and demographic characteristics ofrtiridual affect the acquisition of

information and its effects on behaviour is putifard in theoretical articles, (for example,
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Becker, 1965; Grossman, 1972) and supported imdbauof empirical studies based on
cross-sectional data. These find substantial hg¢eraity across consumers both in self-
reported use of health information labels (Gutetial., 1995; Nayga, 1996, 2001) and in
reaction to information (Variyam et al., 1996; Ifipmand Mathios, 1995; Chern and Zuo,
1995). Several studies also find that negativermédion typically influences demand more
than positive information (Kinnucan et al., 2008xFet al., 2002; Smith et al., 1988;
Mizerski, 1982). To our knowledge there is only atieer study using micro-panel data
(Verbeke and Ward, 2001).

A framework for understanding why the effects dbmimation are correlated with consumer
heterogeneity and may vary with positive and negatiformation has been suggested by
Verbeke (2005a). The basic idea is that consumeighvithe costs of acquiring and
processing information against the expected gaom bptimising their food consumption in
accordance with this information. This can be ipteted as allowing consumers to be
‘rationally’ ignorant as suggested by Swinnen e{2005). Most of the theoretically and
empirically observed heterogeneities in reactiomtormation cited above seem in line with
the basics of this framework. For example, bettieicated or more health conscious
consumers more often use nutrition labels andniaig be because of lower costs of
processing information or greater expected heattehts upon reacting. One of the more
intriguing implications of this framework, drawingpon the psychological literature, suggests
that consumers in daily routine purchasing situegtiare typically guided by a heuristic
information processing strategy (“a rule-of-thunsit¥ategy) as opposed to the systematic

information processing strategy used in situatimingreat relevance to the consumers.

Our point of departure is how news in the mediaualite positive and negative health effects
of fish consumption influences demand for fishohnfiation about the positive nutritional
effects of fish applies generally to both fatty daan fish. Information about the negative
health effects of fish consumption comes down tormation about dioxin in fish. Fatty fish
are substantially more susceptible to dioxin pdisgthan lean fish since dioxin accumulates
in fatty tissue. Some consumers may know the diffee between fatty and lean fish types
and understand that it is possible to avoid tHeafsdioxin poisoning by substituting away
from fatty fish and toward lean fish (sophisticatedction). Other consumers may not be able
to make the distinction between fatty and lean éisth may, if they choose to react to dioxin

information, instead substitute away from all typé&ish (unsophisticated reaction). A third
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way of reaction may be to ignore the informatiam@rance). Our evidence is based on a
household level dataset that combines data ongaochases with indices of news media
stories. Specifically, we follow 2500 householdsdix years and analyse their weekly fish
and meat purchases over this period and howriflisenced by new information. To do this
we derive and estimate two equations for each tmldethe budget share of fatty fish in

total fish and the share of all fish in total maat fish. New information is treated as an
adjustment to the prices. In addition we are ablieéntify a number of consumer
characteristics that seem important for choiceeattion pattern. To our knowledge this is the
first empirical evidence from a micro-economettiedy of differences in sophistication

levels of consumers’ information processing. Oupeital model fits within a theoretical
framework of information processing strategies dragefore it may well apply more
generally than just in relation to fish consumptaomd as such have broader relevance. It may
in particular be relevant to consider informationgessing strategies when designing and
implementing health campaigns and other attemptsgolate food consumption.

The rest of this paper is organised as followsti8ed&.1 contains the theory model, 5.2 the
empirical specification. Section 5.3 is a desooiptof the data and the fish market, while
section 5.4 is an estimation section. Section &riains the results while section 5.6 is

devoted to a discussion and conclusion.

5.1 The theory model

We assume that it is meaningful to think of fismsomption in terms of two aggregated
types: lean and fatty fish. The consumption of fisesumably satisfies hunger and generates
pleasures of taste etc.; attributes that we assueneaptured by a basic fish characteristic
calledtaste®® We assume that consumers can ascertain the cammixperience the full
utility value of this characteristic in connectiith consumption and use the quantity of

consumed fish@, and g, , respectively) as proxies for the consumed amaoinisste. Since

lean and fatty fish differ in many ways we assuhs the taste characteristics connected to
each type of fish are imperfect substitutes. Intaaig fish provide nutrients with cumulative
long-term health benefits. The health benefitagif &and seafood are well documented and

widely promoted by e.g. nutrition experts in recgsdrs. Fish provide the body with essential

*2Taste is just an appellation and the charactemsiptures much more than just mere taste. We asthanthe
characteristic contains all the utility derivedatitly from fish consumption in connection with sédction of
hunger pleasures of taste, preparing the meal etc.
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vitamins and minerals including, vitamins A, B, dddiodine; selenium and of course protein
(Bender, 2002; Astrup et al., 2005). Omega-3 fatiigs found in fish are also beneficial,
particular in terms of cardiovascular health (Dogain2007; Sidhu, 2003). Furthermore, the
consumption of fish is often encouraged in an dipgseventing diet, since fish is relatively
low in saturated fats and is a healthier altermatttvmeat. This is captured byatrition
characteristic. Consumers do not observe or expegiatility of this characteristic in
connection with consumption, but estimate the gurmiéthe characteristic and its ultimate
utility value based on, among other things, infatiorafrom television and newspapers. We
assume that consumers expect both types of fisarttain the same quantity of the

nutritional attribute (i.eng, and nq , respectively, wherg is the perceived utility value of

nutritional health per volume of fisf)and the nutritional health advantage from eack tyfp
fish are assumed to be close substitutes. Firfaly pften live, feed, and breed in
environments polluted by toxic compounds such asung, polychlorinated biphenyls
(PCB’s) and dioxin. These compounds accumulatherfaod chain (mercury) or are bound

in fatty tissue (PCB’s and dioxins) (Pompa et2003; Sidhu, 2003; Astrup et al., 2005). This
we assume is captured i@xin characteristic associated with long-term health
disadvantages that, in the same way as nutritieyaobserved at the time of consumption.
Even though the detrimental effect of dioxin consdrfrom fatty and lean fish is the same,

the dioxin content is much lower in lean than ittyfdish (i.e. d, g, and d,q, respectively,
whered, andd, is the perceived utility value of dioxin in a volerof fatty and lean fish

respectively}* When thinking of how these different charactecstffect consumers’ utility
and ultimately their behaviour it seems natural thatastecharacteristics in their broad
sense are closely related, and that these agamaeeclosely related to thaste
characteristics of meats than to other types o$aorer goodS. Finally, it seems that the
immediate pleasures of taste are probably not lgleskated to the perceived long-term utility
derived from the nutritional health and dioxin cicteristics. We therefore assume that the

following basic utility structure applies for comsars of fish.

3 There may be differences in the health contefishf Fatty fish contain more of the healthy Ometst8/
acids. But fatty fish also contain more energy tleam fish so in an obesity preventing perspedéaa fish is
more healthy than fatty fish. To consider the niatni characteristic as different for fatty and Ideh will be a
route of further research

* There is a corresponding difference in mercuryjteoinbetween predatory and non-predatory fish (Roetp
al., 2003; Sidhu, 2003) when there is informatibowt the accumulation of mercury in predatory fidre
disregard this twist since predatory fish only agudor a small proportion of fish consumption (en& per
cent) and there is only scattered media informadioout mercury in our data period.

% The meat-fish structure could easily be enlargecbmprise other types of food.
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Figure 5.1: Basic utility structure for consumption of health and taste characteristics
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To capture this formally let the consumer be charagsed by a utility functionl) defined on

the two types of taste characteristics (whgrand g, are the quantities of fish consumed),
the two types of health (nutrition and diokian aggregate of meatsg,() that is only

endowed with a taste characteristic and finallpggregate of other goodg ;). We assume

that the meat and fish taste characteristics grarable from the health characteristics and
other goods and that the fish taste characterigteseparable from the meat taste

characteristics. Thus the budget-constrained coaspnoblem becoma$

M(?XE[U(Uf(LL(q, @ a) u( na+ na M Ao dh 0&1)]
ST pla+ pUag+ pUg+ UGS X

(5.1)

p is the price of lean fishp; is the price of fatty fishp,, is a price index of the meat

aggregate ang,g some price index of the other goods aggregate cbhsumers first order

conditions are:

*® Note here that consumers get utility from chamsties, but maximise over goods.

167



oU ou, 6uF+6U n_6U d =p
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which gives the following first order conditions filhe demand for food taste characteristics:
U duy du.
ou; 0u. 9q;
U duy du.
ou; du- 9q
0U du; _
ou, g,

=A(p, —-n+d,)

=A(p -n+d) (5.3)

A Por

ou 0 ~ 0U ~ 0U
whered =——/ , N=——n/A, d=—d A, =——d A
o Pos =2 =oAL g=od

0G un l'ld d

Our focus here is on the consumption of fish, whartthe typical Danish household only
accounts for a small part of the total budget émds (below 5 per cent). The effect of
changes in fish demand on the shadow price of f(Adss therefore presumably small.
Further, nutrition and dioxin are long-run healtfeet so even though fish consumption in the

current period determines the flow of the long-he@alth effects in the current period,

marginal health value(sg—u, v J presumably depend on the accumulated stocksthat a
un

oy
ou,
not sensitive to current flows. Since we must idtree functional structure at some point it
does not seem blatantly unreasonable to assumé,ifiatd are unaffected by variations in

fish demand within the span of our data. By assagrttiat the marginal utility of health is
independent of consumed fish quantities and expanedihese effectively enter as an
exogenous correction to the good’s price in thaltiegy demand function. This allows us to
utilise standard separability results when derivdeghand functions (without making other

functional form assumptions at this point) whileareing an explicit and consistent
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representation of the health attributes that aggriofiary interest. With the assumed
separability of fish taste characteristics we tf@eshave the following Marshalian demands
for fish taste characteristics in the second step:
ar =0 (P B %)
f f 3 f . p~ )& (54)
q=9(R. P %)

where % is expenditure on fish taste characteristics gng p, - i+ d, and f, = p - h+ d
are the net price of fish after adjustment foruhbty value of the consumers perceived
dioxin and nutritional health content of fish.dtimportant to remember here that is not

equal to the total expenditure on fish — but isghg of expenditure on fish that is allocated to
purchase of the taste characteristic. This caowes to the first step where demand for the
fish taste aggregate becomes a function of theegated health corrected prieg(p;, ).
This gives the following first step Marshalian derddunctions:

O =G (R(B B R %)

F IF F ij ‘i) R/I iSIF (55)

Ov = (RCB B R %)

where X,,- is expenditure on all meat-fish taste charactesist.e. net of expenditure on fish

health characteristics.

5.2 Empirical specification

The demand model

We assume the AIDS specificatidk([)]for taste characteristics demand in (5.4) and (5.5)

where adding up constraints reduces the systema@dguations:

N 1 y
d; Af(pf'p’PFA(mj.pf (5.6)

where P (.)is a consumer price index for the fish taste agapeegndP (Jand By (Jare

the AIDS price indices for fish taste and the nfest-taste aggregates, respectively. This
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qibf and\TvF — qFF)FC ([)]

Xe XvF

Only observing uncorrected budgets, prices and élusitares we approximate

would generate equations in taste characteristigéusharesv, =

5C 5C
X = % EFC Egand Se = X E“’f Eg where B ([is a price index for the fish good
F MF

aggregatepy: (JJand Ry () are consumer price indices for the meat-fish gauitaste

aggregates, respectively. Multiplying by uncorregpeices (p, and P* (0 respectively) this

gives us demand equations in observed uncorreciggehb shares:

Al p 2 EOVP (O .
Wf AT( I p'PFA(mR:c(mj pf Féc([)] ()

(. RS () B ()
WF"*:(PFC(D]’””’Q(@P;F(@]D 0"

Finally, to get a manageable setup we approximatie the consumer and AIDS indices with
the Stone index for both the fish taste and mefitifaste aggregates. After inserting the Stone

1-w,

index formula (e.gP>(p;, ) =a(p)" (H) ", see Appendix 5.A for derivation) and the

definition x. = w. x,- we get:

o wxe (@) s
" A*(p“p'(pf)Wf(ml‘Wf){(pf)(mj 5.8)
. X (P ()™ )"

WF:Af(Flf(pf' p)’ p/l’(pf)w,:wf(n)u(l—w)(m)l—wp [(p)w(p)l—wJ

This simultaneous system describes the demantdddaste characteristic of the two types of
fish and meat while having consistently adjustadlie consumers’ evaluation of the two
health characteristics — in particular the intecas between the nests are modelled
consistently. In addition to health being remowvexht the taste characteristics in the utility
structure the most critical implication of the as®ad model is probably that of the functional
form for the utility of the two health effects. tnany of the papers cited in the introduction,
information is added to the shift parameter inABS specification (see e.g. Verbeke and
Ward, 2001; Nichéle, 2003; Rickertsen et 2003) which is more tractable than our

approach. This would in our characteristics coni@ytly that the health characteristics
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influence utility as illustrated in Figure 5.2a tel The solid black line is marginal utility
valuation of taste that declines as the quantitysamed during the current time period (e.qg.
month or quarter) increases. The black dot-and-ashndicates total utility net of
perceived disutility of dioxin consumed and theyglet-and-dash line the utility of nutrition
consumed during the same period. The differenosdeat the dot-and-dash lines and the
solid lines illustrate that the marginal disutilaf dioxin and the marginal utility of nutrition
would decline over the quantity consumed. Furtheenihis would imply perfect substitution
between the taste and health characteristics of tyge of fish. Neither of these two
implications seems reasonable in the case of ditwihmight be accepted in the case of
nutrition. Figure 5.2b illustrates the functionabpe implied with our setup, which seems a
lot more reasonable in the case of dioxin and @adaepted in the case of nutrients.

Figure 5.2: Functional form for the utility of the long-term health effects
a) b)

v
o

Consumers have to estimate the content and ultithatetility value of the two long-term
credence health characteristics when deciding tegirand for fish. We presume that they
might use media news and other current informdtmws to inform their estimates. In fact
there has been a steady flow of newspaper stangsedevision news about both nutritional
benefits and dioxin disadvantages of fish consumnptiith varying intensity over time. Thus
we are looking at media information flows that pmasibly could affect behaviour at the
margin — but probably does not imply major shift€onsumer beliefs about food safety like,
for example did the BSE case. Typically news stoaleout nutritional benefits state that
these apply to all fish while stories about dioipically state that this mainly is a problem

for fatty fish types thus reflecting the establgheriths about these health effects.
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The information model

Verbeke (2005a) has suggested a framework for stadeting how information could affect
consumers, drawing on both economic and psychdabbiierature. The basic idea (Swinnen
et al., 2005) suggests that consumers weigh exppeotts and benefits of acquiring and
processing information when deciding if and howse information. Thus consumers may
decide not to use the information if the expecteddfits from getting the information are
small or the perceived costs of processing arelérg. it may be rational for a consumer not
to use all the information flowing to him). An imgiant twist on this basic idea draws on the
psychological literature (Chen and Chaiken, 19%tyPand Cacioppo, 1986) suggesting that
consumers may chose between a heuristic and arststenformation processing strategy.
Systematic processing implies extensive investigatind detailed exploitation of the
information and takes place when the informatidates to an issue of significant importance
to the consumer. Heuristic processing on the dihad is based on simple decision rules and
uses the information only superficially. Thoughstdoes not exploit the full potential of the
available information it allows the consumer to m#kst decisions without extensive
processing costs and so to derive some benefit inbsrmation in situations where the stakes
involved are limited or the amount of informati@large. A number of studies suggests that
daily routine food purchasing typically is guideg leuristic information processing as
opposed to purchasing of consumer durables suclrasvhere systematic processing is
common (see e.g. Verbeke 2005a). Systematic priagassconnection with food purchases
is probably mainly seen in trial situations, foaeple first purchases of new foods. Massive
information signalling an important change in, éxample food safety, such as the BSE scare
might also cause some consumers to undertakeensytst information search. In the
following we assume that consumers have weigheéxpected costs and benefits of
acquiring and processing information concernindthestributes in fish and thereby have
chosen their “strategy”. This implies that the naediformation flows experienced by
consumers are interpreted by heuristic informagimtessing using rules of thumb. Since no
major events concerning either the positive or hiegdealth effects have occurred during
our data period, we assume that the media infoomdlibws do not initiate a systematic
information search. This means that we can asshatdlte rules of thumb used by a given
consumer do not change. As the original cost anéfiis of processing information depend
on household characteristics such as age and ésludiie chosen strategy or rule of thumb
does as well. Making this assumption in our ‘bustnas usual’-situation seems

unproblematic. When consumers use a heuristicnmdtion processing strategy a number of
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studies suggest that if information is to affedtdngour it must give immediate meaning to
the consumer (see Guthrie et al., 1995; Nayga, ,J3%®L). Thus the information flow must
interact meaningfully with the consumers’ prior krledge. If it does not do so chances are it
will be ignored because the heuristic processirajesjy is geared towards economising on

processing costs.

In our case the consumers’ prior knowledge abouthvtypes of fish are fatty and lean and
whether this is operationalized through the stratgdgpsen when purchasing fish is critical.
Some consumers may differentiate between fattyieamdfish and so may be able to avoid
the risk of dioxin poisoning while maintaining tbensumption of fish by substituting away
from fatty fish and toward lean fish. These ardechthe sophisticated consumers. Other
consumers may not be able to make the distincBome consumers with ‘unsophisticated’
rules of thumb may choose to ignore the informabenause the fatty/lean distinction does
not fit into the decision rules they usually apptypwever, other ‘unsophisticated’ consumers
may choose to react to the dioxin information byoigng the fatty/lean distinction, and
instead substitute away from both types of fishamlg meat. The way we will capture this is
by assuming that information at tirhean affect consumer evaluations of the health
characteristics in the following way:

dy =V Sy
d. = ¥ S (5.9)
n=y,S,

where we letS; denote current stock of information about dioxml &, denote current stock

of information about nutritional health. Thus we@ase that a larger stock of information
indicates that there is more of the characteristguestion in fish or at least the consumers
perceive there i¥" The gamma parameters reflect the households’ithav marginal utility

valuation of the two characteristics. The main pbire is that qualitative differences in how

> If consumers were estimating say the alcohol euritea beer and each piece of information wasasiigny an
alcohol content of 5 per cent it would be strarmgagsume that more information signalling 5 pet cansed
consumers to increase there estimates of the dlpehcentage. However, the characteristics consitlbere are
fluffy in the sense that consumers probably onlyeha vague idea of both content and utility impimas.
Assuming that they interpret more information abegt dioxin in fish as an indication that the peob is
greater as initially expected does not seem fahéat especially when remembering that the stoadutaion
function may have upper and lower limits etc. st there may be bounds within which the consumers’
evaluation fluctuates.
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consumers use information are revealed by compéhmigyg andy, parameters. If consumers
are sophisticated they know that there is no diaxiean fish and so sgt =0 while y,

reflects their utility valuation of dioxin. Unsogticated consumers that do not distinguish

will set y, =), >0 . Finally, unsophisticated consumers who choosksiegard this type of
information will sety, =), =0. Note that we have left some important issuebeo t

specification of the information index and the itigcation discussion in the estimation
section; for example, the relative weight ascribg@donsumers to different sources
(reflecting how credible they think the sourcedsyl how much information has been

gathered prior to the data period

5.3 Data and the fish market

Data

We perform the analysis using a household panekdafrom GfK-Denmark covering
weekly purchase of food from approximately 2500d@hold in the period from 1st January
1997 to the 31st December 2002. This dataset iaslddily household level registrations of
volume and value of the purchase of more than B&stypf fish. These types of fish are
divided into two types of fish; lean fish (includiseafood) and fatty fist{.The data are
aggregated to quarterly observations. Meat is dibitito poultry, beef and pork. Prices for
lean and fatty fish and for each of the meat ty\gresconstructed as average prices for all
households in each region (Capital area, East agst enmark) and each type of shop
(supermarket, discount and speciality stSté)hen individual prices are weighted according
to each household’s share of purchase in eachalygsteré’. The price of meat is then
weighted together according to each household'géiushare for each type of meat. We
select on households being in the panel for at [EAguarters buying both meat and fish in
all periods. This leaves us with 1050 householtie dataset provides background variables
for the households in the panel making it posdiblanalyse consumers choice of strategy
depending on household characteristics such asdgeation etc. The various data sources,
as well as the linkages between them, are illiedrat Figure 5.3 below.

°8 Appendix 5.B shows the types of fish, price, vobusiare and aggregation category.

% Speciality stores are fishmonger or butcher.

® prices vary considerably between type of storesah example see prices for lean and fatty fishgpendix
5.C
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Figure 5.3: lllustration of the different datasetsand the linkages between them

Newspaper i Index of negative stories : Background variables
| about fish in the media |
: — iy { Purchase data
Television : Index of positive stories :
E about fish in the media '

By combining the purchase data with informationéed on media coverage of the health
consequences of fish consumption, household expdsurew information can be dated and
the impact on demand followed closely. The indiesbased on an extensive search in a
database Infomedia, covering all types of artiohl®anish newspapers. The search was
limited to include the following widely read newgeas: Aktuelt, Berlingske Tidende, B.T.,
Ekstra Bladet, Fyens Stifttidende, Information)aiytisPosten, Politiken, and Weekendavisen
(covering most of the market). The search is basetthe word “dioxin”, “health”, “fish-oil”

and “omega” as search word in combination withHfisA search on “dioxin” and “fish”
returns 107 hits while the positive search returbé8l hits. Besides articles brought in the
written press a request for a search on "fishirisctked to the major Danish television
stations: DR and TV2. Each article/feature has vead and the content is described (what it
is about and in which week the news have been stdahand each article/feature is then
given a number to show that a news event has hdenited in a specific week for each
media (newspaper or TV channel). This gives a nurobegme series specific for each media.

These times series have to be weighted into negvsas. Several types of indices have been
used in the literature to represent the effechfafrmation, ranging from dummy or trend
variables (Tansel, 1993), actual message numbergh{(®t al., 1988) cumulative message
numbers (Brown and Schrader, 1990; Chang and Kamut991) and cumulative message
numbers with a decay (Chern and Zuo, 1995; Kim@hern, 1999). Some of the indices
discriminate between negative and positive newsesoclude lags and some of them make
more complicated structures. Brown and SchradedQ)Litroduce an index constructed as
the cumulated number of published medical artislggporting a link between heart diseases
and cholesterol intake representing the negatiwesnand the accumulated number of

published medical articles questioning a link asifpee news. An updated version of the
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Brown and Schrader index is used in several studadsding Kinnucan et al. (1997) and
Chang and Kinnucan (1991). Chern and Zuo (1995Xamdand Chern (1997, 1999) have
made alternative indices based on the approachowimBand Schrader where the effects of an
article are assumed to diminish over time. Thedassumption behind these indices is that
the information in these articles is transmittesvddo the consumer through newspapers and
TV. A more direct approach is used in Piggott arar$h (2004), where the number of
relevant newspaper articles is aggregated withoytrgeights, and in McGuirk et g1995)

and Schmit and Kaiser (2004), where a cumulatidexrbased on articles (weighted by
readership) in popular press periodicals is construsimilar to the Brown and Schrader
index. Verbeke and Ward (2001) base a publicitgxdn TV coverage of the BSE problems
together with advertising expenditure, while Snattal.(1988) let their index be based on
articles in major newspapers, weighting the newspagpticles by using the Budd’s attention
scoré’. This index is furthermore weighted by a probapilhat the articles are read
(newspaper market share). Several of the indidesdaced in the literature use a lag
structure, as the studies find that press covdragea cumulative effect (Verbeke and Ward,
2001; Kinnucan et al., 1997; Rickertsen et al.,5)9%his includes simple declining shares to
lagged index values like in Rickertsen et al. ()9®&5more sophisticated structures as in
Verbeke and Ward (2001).

In this study the index is made by aggregatingigative news (dioxin) and the positive
news (fish oil, omega and health) in separate aslfor each newspaper and for each of the
two major Danish television stations. First of #le news is considered to be equally
important and is thus all weighted as one. Secorléyindices are made by weighting the
news according to the reading share of the spaugficspaper. Television transmissions are
not weighted since all households are assumedvi@&dV. Furthermore, as our data are
aggregated to quarterly observations a floatingxnd constructed assuming that each article
lasts one quarter. That is, an article in thepast of a quarter will have a larger influence in
the next quarter than in the current quarter. Tumaler of hits for dioxin and positive news

are shown in Figure 5.4.

®1 This system ranges newspaper articles accorditigetolocation in the newspaper.
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Figure 5.4: Frequiency of positive and negative nesvitems over time
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The fish market

Fish constitutes approximately 15 per cent of ttal toudget devoted to fish and meat. The
mean budget share increased from 1997 to 2002 Jyvéie to increasing relative prices for
fish as illustrated in Figure 5.5. Lean fish (irdihg seafood) accounts for the largest share of
the budget for fish. As indicated in Figure 5.6 bhuglget share of fatty fish has increased in

part due to an increase in the consumption of salama trout.

Figure 5.5: Budget share and price indices for fisland meat
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Figure 5.6: Budget shares and prices for lean andtfty fish
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The total consumption of fish and the volume sludrdifferent types of fish between social
and demographic groups vary considerable. Oldemname educated households have a
larger budget share for fish than the younger asd éducated as illustrated in Figure 5.7,
which shows the share of fish in the total fish-trimadget and the share of fatty fish in total
fish. The budget share for fatty fish seems tmfelthe share of total fish closely, so

whenever more fish is purchased a larger share®ofatty fish.

Figure 5.7: Difference in fish consumption betweerocial and demographic groups
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5.4 Estimation section
Identification

We assume that only information in the currentgubaffects the consumers’ evaluations of
characteristics and that current informati§}} is weighted by a credibility parameter

c,,indicating how much confidence the consumer hasamedia supplying the information.

Si = G S (5.10)

We only observe current media information flowsrserting we get:

de =y (G, Sh)
d. =y (G, S (5.11)
n=y,(c,Sh)

We cannot use the exogenous variation to idertiéyyt, and y; parameters in our model
directly since the parameters we estimate gye;, , yc,, V.C,. Among other things this

means that when there is a lack of reaction taimétion this could be because the credibility
of the media is low. However, numerous surveys ttaéetelevision and newspapers were the
major information sources for the public, followey radio, magazines, and other people
(Bruhn et al., 1992; Chipman et al., 1995; Hobaehdall, 1993), i.e. indicating that the
credibility of newspaper and television is rattegk. For consumers who do in some way
react to one of the information flows the paranmsetee identified (under the assumption

made that the credibility parametgrapplies to all information flows from the specific

source). For these consumers relative values dathbda parameters can be derived and

interpreted.

Estimation

To allow for maximal heterogeneity we estimatedach household separately. The budget
for fish and meat is instrumented by the total exjteire on foods using the control function
approach (Blundell and Powell, 2003). Householdsaldbuy both lean and fatty fish in all
periods, which means that the purchase of fiskmsared. For the current analysis,
households that buy both types of fish in less tHaper cent of the periods observed are

deleted from the dataset. This leaves us with 4&iséholds who buy both types of fish at
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least 70 per cent of the time. Periods where thuséloold does not buy both types of fish are
deleted. This is not the correct way to handlecmesoring problem, and as such this is a
route for further research to include the correetsoring in the estimations. However, the
final results have been compared to results basegstimation on the 219 households that
buy both types of fish in all periods without charaf the main conclusions. The problem
with this reduced dataset is that the number ofabalds is too small for the final Probit
estimations. The prices for fish might be endogeremd should as such be instrumented.
Usable instruments would be prices for fish in arbg country. These have not been

available for us.

Tests for information processing strategy

Conditional on reacting to negative informatioe.(that one or both of the and

parameters are ‘significantly’ positive at the 58%dl) the households are separated according

to their information processing strategy. Houseboltiere it cannot be rejected thit = A,
are categorised as unsophisticated, householdewtennot be rejected that=0and A; is
significantly larger than zero are the sophistidadees. Households wheA < A, are the
somewhat sophisticat&d.

Figure 5.8: lllustration of information strategy categories

Sophisticated ¥,=0,4, >0

B e S S ) e e e —— — —

Finally, unsophisticated consumers who choosesiedard this type of information will set
¥: =y =0. Irrational behaviour is described by househatds puty, > y, . When the
households are categorised according to reactioridomation a Probit is estimated. Since

we estimate the model without any cross househaldrpeter constraints we have not

imposed restrictions that by definition generatealation between choices of strategies

%2 This definition is somewhat more vague than ttheotefinitions.
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across households. We can therefore freely invagstidifferent background variables that
may be important in explaining heterogeneity incbasumer’s choice of information
processing strategy including the mean budget stfdigh, region, price elasticities,

indicator of the households being a heavy readeewfspapers etc.

5.5 Results

The basic model estimation results cannot be pteddrere since the model is estimated
household by household for 467 households. An elapofghe detailed estimation results is
given in Appendix 5.D. The remaining aggregatedltesare divided into two subsections:
the first that concerns the choice of whether &xtéo information or not and the second that

concerns the choice of strategy conditional ontnegd¢o negative information.

Reaction to information

Some households have irrational behaviour (eat ringlvevhen provided with information
about dioxin in fish). They are deleted from théadat leaving us with 447 households. Table
5.1 shows the number of households reacting tdipesind negative information,
respectively. Out of the 447 households 58 per eEadts to either of the two. This number
has to be compared with a survey from the Euro@anmission where 53 per cent of the
respondents state they have changed their consamyermanently or temporarily according
to information from the media (European Commisski06). As many as 205 households
react to negative information, while 143 react ésipive information. 88 households react to
both. Appendix 5.D shows examples of householdstireato both types of information

(household 1 and 3) and only to negative infornma{ftousehold 2).

Table 5.1: Numbers of households reacting to negat and positive information

Negative information
Positive information No reaction Reaction TOTAL
No reaction 187 117 304
Reaction 55 88 143
TOTAL 242 205

As the model is estimated household by househeldPtbbit can be modelled freely to isolate
variables that have an effect on the choice oftnegito information. Two Probit models are
estimated. First, a model with the reaction to tigganformation as dependent variable is
estimated, and secondly, a model with the reat¢tigrositive information as dependent
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variable® Table 5.2 shows the parameter estimates for bottefs. In both models age and
mean volume share for fish are treated as contmuatables. We include a variable for
elastic demand (own price elasticity for fish beldwersus own price elasticity for fish
above -1), being a heavy reader of newspapers €holids that read at least four out of six
weekly editions), being located in the capital usrs1 other regions. The education variable
is defined as either short educated (no or prdatahacation) or theoretical education
(households with a medium length or long educatiShprt education, capital, inelastic and
“light” readers are base. Own price elasticity #melheavy reader variable becomes
insignificant in both models. Age is negative irttbonodels while the volume share for fish is
positive. The parameters for theoretical educati@negative for the reaction to negative
information and positive for the reaction to pagtinformation. The log likelihood chi

squared statistics shows that the composite vdltlteeandependent variable differs from

zero. The pseud®?values (McFadden, 1973; Estrella, 1998) are rdtverbut reasonable

for panel data.

Table 5.2: Parameter estimates for Probit

| MODEL 1: Dependent variable: Reaction to negative infornmatio |

Parameter Estimate Std. Error t-Statistics P-Value
Age -0.0188 0.00602 -3.12 0.0018
Other region -0.3618 0.1838 -1.97 0.0491
Theoretical education -0.229 0.2557 -0.9 0.3704
Volume share fish 4.,3839 0.6784 6.46 <.0001
Heavy readers of newspapers -0.0594 0.1769 -0.34 7370.
Elastic demand for fish (1. Step) 0.2524 0.3546 10.7 0.4766

Log Likelihoodlue  -282.00511
Pseudo R2 values  Log IikeIiho;Q(é"df =)= 90.408(p < 0.001)

Estrella 0.1085
McFadden's LRI 0.0795

MODEL 2: Dependent variable: Reaction to positive informatio |

Parameter Estimate Std. Error t-Statistics P-Value
Age -0.0211 0.006375 -3.32 0.0009
Other region -0.0891 0.1852 -0.48 0.6303
Theoretical education 0.2031 0.2495 0.81 0.4156
Volume share fish 3.3509 0.7842 4.27 <.0001
Heavy readers of newspapers -0.0502 0.1845 -0.27 7850.
Elastic demand for fish (1. Step) -0.1713 0.3804 450 0.6525

Log Likelihoedlue  -270.63748
Pseudo R2 values Log Iikeliho;)@féjf —)= 146.124 p<0.001)

Estrella 0.1579
McFadden's LRI 0.1166

81t will be reasonable to look at the models asvariate Probit model and test for correlation bestw the error
terms, but for the time being the model has beémated as individual models assuming individuabeterms.
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Figure 5.9 shows the estimated Probit probabilfeseacting to negative and positive
information calculated for each of the models 1 an@ihe estimated probabilities show that
there is a general larger probability of reactiogi¢gative information than to positive
information. Being a heavy user (households whisfedonstitutes a share above 0.2 of the
total volume of the fish-meat aggregate) also iases the probability of reacting to both
negative and positive information. Furthermorerehe a larger probability of reacting if
located in the capital than if located in otherioeg. Age also significantly decreases the

probability and more so for the positive informatihan the negative information.

Figure 5.9: Social and demographic differences inrpbabilities of reacting to information
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Choice of information strategy

Since there is not any major events concerningeefibsitive or negative health effects
during our data period we assume that the medurirdtion flows do not initiate a
systematic information search. This implies thatitiedia information flows experienced by
consumers are interpreted by the heuristic infoilengirocessing using rules of thumb about
how to react to information that they have chosetmaily. If consumers choose to react to
information, the possible strategies are eithdret@nsophisticated, i.e. to substitute away
from fish when exposed to negative informationambé sophisticated i.e. to substitute
between lean and fatty fish. Out of the 205 whatréathe negative information only 6 react
irrational. The sophisticated strategy is choseddYfor an example see Appendix 5D
household 3), the unsophisticated behaviour byf®@2af example see Appendix 5D
household 1), while 64 are somewhat sophisticdteda example see Appendix 5D
household 2).
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Table 5.3: Number of households versus strategy cice

Number of households
Sophisticated 43
Somewhat sophisticated 64
Unsophisticated 92
Irrational behaviour 6

In Figure 5.10 the profile of households choosiiifgrent strategies is shown. The figure
indicates that the advanced strategy is prefemashg rural households, households with
medium or long education and with no educationeo&hd households with a somewhat
smaller volume share of fish. The crude strategyederred by vocational educated

households, younger and households with a somduauigat volume share of fish.

Figure 5.10: Profile of households with differentmformation strategies
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As above a binary Probit model is estimated in otdeseparate the effects from each other.
In the model sophisticated is one choice of stratewl unsophisticated or somewhat
sophisticated the other option. Table 5.4 showp#rameter estimates. Region and the
newspaper variable becomes highly insignificantlierchoice of strategy, the parameter for
education is positive, but somewhat insignificaiitat the elastic households have a smaller
probability is evident since high price elastidibya certain extent indicates a larger
willingness to substitute between meat and fiste Wdlume share for fish is also highly
insignificant indicating that the amount of fishnemmed is a determinant for whether to react
to information or not, but not a determinant foriethstrategy to choose. The log likelihood
chi squared statistics shows that the compositgeval the independent variable differs from

zero. The pseud®?®values (McFadden, 1973; Estrella, 1998) are hitjean in model 1 and
2 and reasonable for panel data.

Table 5.4: Parameter estimates for Probit with stréegy choice, conditional on reaction

| MODEL 3: Dependent variable: Strategy choice |

Parameter Estimate Std. Error t-Statistics P-Value

Age 0.0230 0.1216 1.89 0.0583
Other region -0.0786 0.2926 -0.27 0.7881
Theoretical education 0.4467 0.2495 1.79 0.1006
Volume share fish -0.8037 1.3305 -0.60 0.5458
Heavy readers of newspapers 0.1574 0.3063 0.51 72.60
Elastic demand for fish (1. Step) -1.5844 0.4986 .183 0.0015

Log Likelihoodlue -100.97994
Pseudo R2 values  Log Iikelihomgﬁ:6):136.736( p<0.001)

Estrella 0.3325
McFadden's 0.2529

Figure 5.11 shows the estimated Probit probalsliiee being a sophisticated consumer. The
own price elasticity for fish is here left out fitve clarity of the figure. Older households have
a larger probability of being sophisticated as atioo also tends to increase the probability

of choosing a sophisticated strategy.
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Figure 5.11: Probit probability of being sophisticaed
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5.6 Discussion and conclusion

This paper is, to our knowledge, the first micr@memetric study estimating differences in
consumers’ information processing strategies. @praach is based on the assumption that
consumers, prior to our data period, choose aegfyabout how to react to information
concerning unobservable health characteristicsim This initial choice is based on
consumers weighing the costs of processing infaonatgainst the expected gains from
optimising their food consumption in accordancehwiitis information. This initial decision
will result in a “rule-of-thumb” strategy about hdw react to information, which will persist
until radical information is received. It turns dbat some consumers choose to ignore
information about dioxin and choose not to reactllatOther consumers choose a ‘heuristic’
or unsophisticated reaction by substituting awaynffish consumption all together ignoring
the distinction between lean and fatty fish. Yetther group of consumers realise this
distinction and substitute away from fatty fish tows lean fish to avoid the dioxin (the
sophisticated reaction). We find that approximabedif of the consumers ignore the negative
information, while two third choose not to reacthe positive information. This is in
accordance with the literature that generally stieger influence of negative information
compared to positive information. Conditional oaatng to the negative information we find
that approximately half of the consumers choosermophisticated strategy. We find that the

probability of reacting both to negative and pesitinformation increases with the volume
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share for fish. This is in accordance with our etagons since the more fish you consume
the more relevant the information about the heattbutes in fish will be. This is also in
accordance with Pieniak et al. (2007) who defireeghthusiastic fish consumers as those
with the highest fish consumption and those whagegnost in information search about
fish. Heavy users are also assumed to have a langariedge of which types of fish are lean
and which are fatty, so the budget share for Bsllso assumed to be positive correlated with
being sophisticated (the cost of processing tharinétion becomes smaller due to the
detailed knowledge). We find no significant cortela. We have no immediate explanation
for this. But since we estimate the model withaut eross household parameter constraints
we can freely investigate different background atales that may be important in explaining
heterogeneity in the consumer’s choice of infororatieacting strategy. As the reason for this
“unexplainable” result may lay in some unexploradgiables the full exploitation of these
degrees of freedom might be a route of furtherarete Education presumably decreases the
costs of processing information and so we woulceekpducation to be positively correlated
with the probability of reacting as well as witletprobability of having a sophisticated
reaction strategy. Education is generally foundeansignificant for the choice of reacting to
information. This is off hand surprising since ameuld expect that educated consumers more
easily can process and decipher information. Howewere educated consumers also have a
substantial initial stock of information and thisyrtend to decrease the probability of
reacting since additional information will not sificantly changed the perceived healthiness
of fish. This will be a route of further researtétowever, we find a positive correlation
between education and the probability of choosisgghisticated strategy. Age significantly
decreases the probability of reacting and moresthe positive information than the
negative information. This is in accordance wit lypotheses of older households to be
more conservative. Pieniak et @007) find the sceptic fish consumers, i.e. corensmwith

the lowest use of and trust in information abosi fiolder than the average fish consumer,
which also might explain the declining probabilifyreacting with age. Older households
may have more general knowledge about cookinghepmight have a larger probability of
choosing an advanced strategy conditional on megctvhich is in accordance with our
findings. The probability of being sophisticatedegatively correlated with being price
elastic, which is reasonable since price elagtgito a certain extent might indicate the

willingness to substitute from one type of foodatwther.
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The differences in the sophistication level of agnsrs’ information reaction strategies that
we have found are substantial and seem to prowali support for the heuristic information
processing model of food consumers. Thereforerabelts may be relevant in a broader
context than just fish consumption. The way of gatesing consumers into information
strategies should be of general interest to pahiekers and marketing strategists when
designing and implementing health campaigns orr@tiempts to regulate or change food
consumption behaviour. The need to accentuateothesfon the comprehensibility frame of
the target groups is important since consumers i@agt to information which is relevant to
them and choose a reacting strategy which is inrdanice with this. The motivation of the
“no-reactors” is important, but it is equally impamt to consider the strategies of the so-
called “unsophisticated” reactors. In attemptsegfulating food consumption behaviour it is
necessary to take possible detrimental effecteaf aidverse reactions into account. In our
case a campaign aimed at shifting consumption wsviaan fish, which may be beneficial,
may for a large group of consumers have the effectducing fish consumption as such —
which all in all may be detrimental. This illusteatthe importance of considering possible

“unsophisticated” reaction before initiating pubt@mpaigns.
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Appendix 5.A: Derivation of LAIDS system with Stone index

Models that use the Stone index are called thaldiapproximated AIDS following
Blanciforti and Green (1983). The Stone index ithefforma(p, )" (h)l'wf where we
assume thatr, =0.

The second step

Wf=A{Tof,p, - jpf PF(D]@WFA{WT?, XFn fji(pf)f(n)f

(D) b R0

"~ X
‘:’Wf:Af Py B .
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The first step

= W = Xvie (F)FS([)])I_WF
F=AR (I:)]' Ry (PFS([)])WF ( B, )1 W ( IE,’:S([)])l_WF
@WF_ I:|>:S 1] XMF (pf)Wf(n)lWJlW
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Appendix 5.B: Fish types, aggregation category, volume share and price

Figure 5B.1: Volume shares, price and fatty/lean diinction

Aggregation
VVolume share | DKK/Kg. Seasonality Fatty/lean

Shrimps 18.44% 85.85No lean
Trout/salmon 13.80% 93.48No fatty
Plaice 12.32% 68.06No lean
Cod 7.33% 61.44Yes lean
Cream of fish 5.67% 47.60No lean
Herring 5.43% 38.39Yes fatty
Flounder 5.36% 43.64No lean
Mackerel 4.75% 49.82Yes fatty
Coalfish 4.04% 47.88No lean
Fillet of fish 2.54% 40.81No lean
Eel 2.32% 134.52Yes fatty
Rainbow trout 1.25% 69.98Yes fatty
Cod roe 1.02% 88.26Yes fatty
Garfish 0.76% 66.79Yes lean
Greenland

halibut 0.72% 127.79No fatty
Lobster 0.66% 99.26No lean
Pollack 0.64% 33.97No lean
Grav lax 0.54% 136.22No fatty
Dab 0.53% 56.17No lean
Cuttlefish 0.49% 41.47No lean
Tuna 0.43% 110.58No lean
Mussel 0.41% 61.80No lean
Smear dab 0.39% 90.08No lean
Hake 0.30% 48.28No lean
Rockfish 0.30% 75.53No lean
Crayfish 0.25% 79.29No lean
Crabs 0.18% 79.72No lean
Lump sucker 0.16% 55.36No fatty
Shellfish mix 0.11% 72.34No lean
Spawn 0.09% 113.12No lean
Catfish 0.07% 92.671No lean
Haddock 0.06% 87.59No lean
Hoki 0.039 69.58No lean
Oyster 0.03% 121.84No lean
Herring spawn 0.01%% 139.69No Lean
Caviar 0.00% 410.92No lean
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Appendix 5.C: Prices and share of fish bought in various stores

Figure 5C.1: Share of fish bought in various storesselected fish types
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Figure 5C.2: Price of fish in various stores, seléed fish types
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Appendix 5.D: Example of estimation results

1) Example of an unsophisticated (FIML parameter estat)

Budget share_fish, Adjusted R 0.7912,

Budget share_fatty, Adjusted R 0.4649

Parameter Estimate Std Err t Value Pr> |t
 fisn -0.1689 0.3057] -0.5500 0.5884
'BﬁSh 0.6196 0.0822 7.5400| <.0001

Y tatty 58.0905 25.8580  2.2500 0.0391
Y positiv 4.9333 1.1746 4.2000 0.0007
Viean 55.4453 24.3331 2.2800 0.0368
HfiSh 0.0000 0.0000] -0.8000 0.4379
q tay 0.0148 0.1611 0.0900 0.9278
'Bfatty 6.6610 2.8988 2.3000 0.0354
BﬁShg 0.0000 0.0000 1.2800 0.2179

2) Example of a somewhat sophisticated(FIML paramestimated)

Budget share_fish, Adjusted R 0.1226

Budget share_fatty, Adjusted R 0.7780

Parameter Estimate Std Err t Value Pr> |t
Q fisn 0.7070 0.1937 3.6500 0.0020
Biisn 0.1805 | 0.0644| 2.8000  0.0123
Vtaty 67.4503 17.8744 3.7700 0.001b
Y positiv -3.8601 2.4445 -1.5800 0.131%
Viean 8.7302 3.9783 2.1900 0.0424
efiSh 0.0000 0.0000 -2.1500 0.046%
A tay 0.9697 0.0398 24.350( <.0001
'Bfatty 0.0586 0.0313 1.8700 0.0787
BﬁShg 0.0000 0.0000 2.7400 0.0140

3) Example of a sophisticated(FIML parameter esteda

Budget share_fish, Adjusted R 0.5811

Budget share_fatty, Adjusted R 0.6280

Parameter Estimate Std Err t Value Pr> |t
A fisn 0.1661 0.0949 1.7500 0.1183
'BﬁSh 0.0794 0.0317 2.5100 0.0366
Y tatty 110.9593 36.6983  3.0200 0.0165
Y positiv 7.2356 2.1103 3.4300 0.0090
Viean 2.8022 5.0063 0.5600 0.5910
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efish

a fatty

ﬁ fatty

Hfishé?

0.0000
-1.8195
1.2480
0.0000

0.0000
1.1989
0.4893
0.0000

0.1600
-1.5200
2.5500
-0.2100

0.8756
0.1676
0.0342
0.8408
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Appendix 5.E. Calculation of price elasticities
The elasticities are taken from Edgersdral. (1996).

The income elasticity is calculated as:

m
1
==

The own and cross price elasticity is calculated as

:, ='3ij‘6|’[aj +1/22k(/% +f5]k)'“9<]_5”_:>£” ='8”_Q(aj)-d,-

W i

First Step

SubscriptM means meat and subsciitpmeans fish3: , =-4: - and B, y = B¢ ¢ due to
homogeneitya,, = (1-a)and §, =-6- due to adding upf , = By ¢ due to symmetry
The own price elasticity for fish are calculated as

P Ber — 6 (aF) ~1,6 y = Bum __HM (aM ) 1= Bum _(_HF)(l_aF)

W, W, W,

The cross price elasticity between fish and meatalculated as:

,BM,F — 6y (aF) - _:BF,F _(_HF)(aF)

AV — —

Wu Wy

Second step
Subscriptf means fatty fish while subscripimeans lean fish.

The own price elasticity for fatty fish are caldeld as:

B ¢ — 6 (af) G, -4 (a) 'Bf,f_(_ef)(l_af)

g =———-L,§, = — -1= —
Y W; Y W W

The cross price elasticity between fatty fish aeshlfish are calculated as:

_ By -6 (Oﬁ): —Bs ¢ — 6 (1_0'1‘) : ::[’)l,f __Q(af ) :_:Bf f _(_Hf )(af)

gf,l_ 1€ f —

W Wi ’ W W

The variance is calculated according to the dekthod (Greene, 2003).
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