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Abstract

In this paper we investigate preferences for fanitk through a structural
characteristics model. The data includes infornratout daily purchases
and social and demographic characteristics of mbn 1,100 households.
We find that consumers who prefer milk with a Haglcontent do not react
to information about health effects, but can b&griced by prices, while
consumers who prefer milk with a low share of fatiafluenced by
information, but are less price sensitive. Therefavhen attempting to
decrease consumption of fat from milk, prices aoceenefficient than

information.
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1 Introduction

Health problems related to the excessive intaksabfrated fat are among
the major nutrition problems in most industrialisedintries, as a high
intake of saturated fat can lead to increased bébadesterol levels and a
greater risk of various lifestyle-related illnessesDenmark, milk is a
natural part of the diet and 10 percent of thel fataconsumption and 16
percent of the total consumption of saturated dates from milk (Pedersen
et al., 2010). The consumption of saturated fabfroilk has decreased
during the last decade (Statistics Denmark, 200Bich may in part be a
reaction to massive campaigning on behalf of thei€bahealth authorities
against the excessive intake of saturated fatisbalso, to a large extent,
due to the entrance of low fat varieties on th&kmihrket (Smed and
Jensen, 2004). These changes on the milk markeidera good
opportunity to investigate preferences for satur&e, how they can be
expressed through demand and how they changeimeeahd how they

change due to information.

In this paper, we investigate preferences forrfanhilk through a structural
characteristics model, i.e. a model in which constsnaerive utility from
the characteristics inherent in milk, not from mtkelf (Lancaster, 1966;
Gorman, 1980). We introduce systematic changeseifefences initiated by
a trend and by exogenous health information. The dsed for the
estimations are based on an extensive panel datathet household level.
This means that it is possible to estimate the hsdususehold by
household, which facilitates the maximum degremadividual

heterogeneity.

There is a need to understand the possible bataergurther reduction in
the intake of saturated fat since this knowledgg beaessential for the
design of new policy instruments aimed at redutimggintake of saturated

fat. The derivation of a structural model for indival households brings us
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closer to separating preferences and changesse thee to, e.g.

information from reactions to prices and budgetsti@ints.

This separation gives us the opportunity to ingegé whether prices or
information would be the best policy instrumenthi& government wishes to
reduce the consumption of fat from milk, and todcshght on which type of
households would primarily be affected by suchged. This is the main

purpose of this paper.

The rest of this paper is organised as followsti8e@ discusses the basic
theory of the characteristics model, which is fakal by a description of the
data and the milk markets in section 3. Sectiorsdusses the construction
of prices in the characteristics model and sedispecifies the model using
a quadratic utility function. Section 6 presents tesults, i.e. valuation of
fat and reactions to prices and information fofedlént types of households.

Section 7 is devoted to a discussion and conclusion

2 The characteristics model

The characteristics model was first developed byn@am (1980) and
Lancaster (1966) and was further developed by NMaakr (1974) and
Rosen (1974). Generally, we assume that the wordists oH individual
households. The number of goods available in eagbgbisl and the
number of characteristics Js The connection between goagland

characteristicg is described through the technology matrix A.
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It is assumed that the amount of characteristinsbeaaggregated over
goods (the utility of a characteristic does notetepon its origin) and the

relationship is assumed to be linear, which mehatthe relationship

between goods purchased and characteristics odteamebe written as:

z=A'q (2

The technology matrix A is constant over househoddsgch implies that all
households meet the samematrix, and we assume that it is constant over
the time span used in our model (in principle ghhologymatrix A can
change over time as products with new and prewawsknown
characteristics arrive on the market). For eactsbbaldh we observe the
quantity purchased of each goidd each period: g = (qﬂ ., q[‘)

and we also observe a unit price for each goo@dah @eriod:

p :( oYU o LS p[‘) . The total expenditure by househalih periodt

is thereforex” E( p“)' q= Zil=1 Q' ¢'. Knowing the technology matrix A
and the amount of goods purchased, we can caldha@mount of

characteristics purchased.

2.1  The optimisation problem

The households have preferences for characteriaticsthe purchased
quantities of goods that we observe are a restilboseholds maximising
their utility given the technology, the prices ahd budget. In each period,

the household therefore faces the problem:
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where Q" are socio-demographic characteristics afids the total budget
used by householdat timet. Note that the household maximises utility by
choosing bundles of goods but obtains utility from the characteristics
inherent in the goodd his is because consumers purchase goods, but

consume characteristics.

In a world with two characteristics, the consumersiblem can be shown
visually. Knowing the pricep and the total amount spémrt we can
calculate the amount of each characteritjcz, ) that householti would
obtain in period if all the money was spent on good one (paiit Figure

1.1 below). If he spent all his money on good 2wweild obtain another
amount of characteristics (point. We assume that all goods can be
purchased in continuous quantities. This meansatmatinear combination
of goods 1 and 2 is possible, and the line betwieemighest obtainable
levels of characteristics (poiatand pointb) is therefore the budget
restriction, also known as thefficient frontin characteristics models.
When a new good, with known characteristics, buteéw amounts, enters
the market, the price of that good determines wdrattwill be purchased or
not. In Figure 1.1, the price of the new good is tagh (the consumer would
get less of the characteristies and z, if he bought the new good), while in
Figure 1.1, the price of the new good is low enlotig push the budget

constraint outwards and the consumers can obtaingheferred mix of

! In theory, we need to know the amount availabtetmsumption. However, this amount
cannot be observed, so we have to assume thatitfyeconstraint is binding and use the
observed amount actually spent.
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characteristics cheaper by buying the new good Ityamixing good 1 and

good 2.

Figure 1 Consumers’ optimisation problem in a two baracteristics world
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More goods exist in the world than are purchasetheyndividual
household. For another household, it might be reffieient to purchase a
mix of the new good and good 2 as shown in Figul2u2 to the
technology restriction, in figure 1.1 with only twgmods, it is not possible to
purchase characteristics outside the triarfgle,0). This makes it difficult

to point identify the parameters of the utility @ion for households who
only purchase a good on the borderline, as e.gyrigestipulated household

in Figure 2. We will return to this later.




Figure 2 More consumers in a two goods, two charagtistics world
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2.2 Identification of implicit prices

The implicit pricesr measure how much money the household is willing to
pay for an extra unit of characterisjtj((ﬂ= ax/az). If there are more goods
than characteristics, these implicit prices havieg@stimated using a
hedonic price function, see e.g. Rosen (1974), laatZober (1977) or

Ladd and Suvannunt (1976). In a world witbharacteristics optimised

overl goods, the first-order conditions mean that:

du du__Loudz du

9 ox" Zoazaq ox

g (4)
L 0u 0x0Z, g oudx_ _ & ox
P =L qusg Zog o g
=0z, 0U0q jm0z0U° =0¢

The derivatives)z, /aq are the elements in the technology magjx The
marginal utility of the budgeflu/0x is assumed to be constant. This implies
that we have to assume homotheticity of the utflityction. This

assumption is unrealistic for luxury goods or gowdith a large share of

total consumption, but more realistic for a norg@abd with a smaller share
of total expenditure (like milk). The homotheticaynd (4) imply that the

price of a good is a weighted sum of the implicit@s of the characteristics
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of the goodp = ZHjaij , which is one of the most important features of
i
the characteristics model. [f > 77, a; then good is not bought as

illustrated in Figure 1.1.

When implicit prices are used in a model whichreates demand for
characteristics, there are several points to censgince one DKK spent on
food will give you varying amounts of nutrients pg@dent on which
mixture of foods you choose to buy, the budget tairg in characteristics
space is generally nonlinear. This leads to endmgeprices. However,
under the assumption of constant returns to spal®s can be assumed to
be exogenous at the optimal point (Deaton and Mae#r, 1980). Another
problem is that consumers choose quantity and pimoaltaneously as
illustrated in Figure 3. This means that the masleinidentified (Ekeland et
al., 2004); the implicit prices provide no moredrrhation than the
preferences originally used to estimate the imipfidces. Brown and Rosen
(1982), Kahn and Lang (1988), Eppel (1987) and &ietlet al. (2004)
suggest identification by allowing the price fuoctito have higher powers
of z (the characteristic) in the case of single maded&, or to use multi-
market data to solve the identification problemehain idea behind these
identification strategies is that there must betamithl parameters affecting
the price functions that are not contained in thmand function. The multi-
market identification approach, which is used hbtglds on the assumption
that the preference parameters and the distribafidoastes are identical
across markets, but the price functions differ leelmvmarkets, i.e. are
affected by some additional variables not in theaed function. This

implies different patterns of variance in differemarkets.



Figure 3 Simultaneous choice of price and quantitin the hedonic model*

Hedonic price function
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*Adapted from Epple, 1987.

The identification of preferences from variatiortle hedonic price

functions is illustrated in Figure 4.

Figure 4 lllustration of identification in the mult i-market case
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HPF = hedonic price function.

Despite the fact that the identification problems solved in the multi-

market case, a standard endogeneity problem rsiste the quantity and
price of the characteristics are chosen simultasigotihis implies that the
dependent variable (the chosen amount of the clesistec) and the implicit

price are correlated through their dependence @uwligtribution of



individual heterogeneity (Bartik, 1987; Kahn anchgal1988; Diamond and
Smith, 1985). We handle the problem of endogenoigspby calculating
prices for several sub-markets and by assuminglilegtrices on these sub-
markets are defined by the consumption of othesaers. When defining
the different markets, we control for systematitedences in quality caused
by, e.g. different production methods. There mayydwver, still be
unobserved differences in quality which can leadrtomperfect price —
quality relation, which will be captured by thearterm of the estimated
pricefunction. The estimation of the implicit prices unbiased as long as
the unobserved quality is uncorrelated with theades we use to define
the separate markets. We expect our market steuttiuzapture such

systematic differences.

3 Data and the milk market

3.1 Purchase data and background data

In the empirical estimations, we use a comprehensanel dataset from
GfK ConsumerTracking Scandinavia (a marketing fasgiwith branches
all over the world). The data cover the period frb897 to 2004 and
include information about daily purchases for indixal households.
Additionally, a wide range of social and demograpfuestions about the
households (income, location, media habits, fatewstore etc.) and
information about each individual in the househ@&WI, exercise habits,
education, age etc.) are posed annually. Theséasealata are combined
with nutrition data such as the content of fattgirg calcium etc. for each
type of milk. This means that whenever a housepaldhases milk, we
know the equivalent bundle of nutrients purchas€de milk purchase data
are observed on a daily (or even hourly) basisweuthoose to aggregate to

monthly observations in order to minimise the amaifrzeros in the

2 For a thorough description of the data, see Amaeamid Smed (2008) or Smed (2008).
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dataset. This also makes the inter-temporally ség@model which we use
more appropriate since milk is a non-durable gbéuh average, 1,700
households reported purchases of milk during a monthe period 1997 to
2004. In the estimations, we only use households neported for at least
24 months during this period, and the average numidgouseholds which
reported in a month is therefore only 1,347. Oragye, the households
reported purchases of milk during 27 months ofdight year period, while
in the restricted data used in the estimationsatteeage was 58.5 months

out of a possible 96.

3.2 Information data

Consumers receive information about the connedtegween health and the
intake of fat through various channels. Most stsidighich incorporate the
effect of health information on food demand, usexas to account for the
amount of information that consumers receive. Thstrdirect approach
uses the number of relevant newspaper articleoatitd number of
television transmissions (e.g. Piggott and Mar§lo42 McGuirk et al.,

1995; Schmidt and Kaiser, 2004; Verbeke and Wad@12Smith et al.,
1988). This approach is used here, and the nunilztides which mention
a link between the intake of fat and health waseloee collected from
Danish newspapers. The basic search words wefatfath/low fat in
connection with health, slim, overweight, obesityieh resulted in 12
different combinations of searches. The articlesevaggregated over
newspapers independently of the size or locatidhefirticle. As presented
in Figure 5, the number of articles increased shgadtil 2001 from which

point it decreased.

% In Denmark, Milk only keeps fresh for a little kper than a week. The market for UHT
milk is minimal in Denmark and almost all houselsoldly and consume fresh milk.
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Figure 5 Absolute number of hits in newspapers abdtthe link between consumption
of fat and health
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Source: Authors’ counting based on the search words fat/fat-rich/low fat in connection with health, slim,
overweight, obesity in the Infomedia database.

Several of the indices introduced in the literatuse a lag structure, as they
find that press coverage has a cumulative effdus ihcludes simple
cumulative indices, as in McGuirk et §1995) and Schmidt and Kaiser
(2004), declining shares to lagged index value# &ickertsen et al.
(1995), or more sophisticated structures as in ®erland Ward (2001).
Based on the literature, we chose to let the in&tion last for a three-

month period

3.3  The milk market

Until February 2001, there were four major typesndk on the Danish
market: Whole milk, semi-skimmed milk, skimmed mélkd buttermilk.
Buttermilk is not included in the analysis becaiise sour and is therefore
not a direct substitute for the non-sour milk typ&$ole milk has a fat
content of 3.5 percent; semi-skimmed milk of 1.Ecpat and skimmed milk
has a fat content of 0.1 percent. In February 2801w type of milk (mini

milk, with a fat content of 0.5 percent) was intwodd on the Danish

* We have also tried a cumulative structure witldaoay and a current index with no lags,
and the three-month structure shows the best rédate sophisticated analyses of the lag

structure could be a route for further research.
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market. The milk was marketed as having ‘the tabsemi-skimmed milk,
but the fat of skimmed mill®.This new type of milk took over part of the
market for semi-skimmed milk and reversed the iasireg trend for
skimmed milk, while the trend for whole milk wasradst unaffected, as is
evident from Figure 6. The total volume of milk pbased was more or less

stable during the same time period.

Figure 6 The Danish milk market, January 1997 to Deember 2004
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Source: Authors’ calculations on purchase data from GfK ConsumerTracking Scandinavia

In Smed (2005) and Smed and Jensen (2004), pasaadies for milk were
estimated at an aggregate level both before aedtaf introduction of
mini milk. These elasticities show that, before ititeoduction of the new
type of milk, semi-skimmed and skimmed milk werésitutes. Since the
introduction of mini milk, there is no longer anybstitution between semi-
skimmed milk and skimmed milk, while semi-skimmsdhisubstitute to

mini milk. This is in accordance with the charastcs model.

® According to the EU regulations for milk classiftion, skimmed milk has a fat content of
between 0-0.5 percent. Mini milk could thereforedolwertised as skimmed milk even
though the content of fat was five times as higmadassic Danish skimmed milk.
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4 Prices

We take prices of goods as given for the indivich@lseholds, and thereby
focus on the demand side, which seems reasonatiie market for foods
since the individual consumer’s decision cannatcfsuppliers in the
hedonic model for milk. This is equivalent to thpeoach in Muellbauer
(1974) and Blow et al. (2005), but is in contrasRibsen (1974) who
focuses on both the demand and supply side. Theredransive dataset
that we use allows us to follow individual houseisobver a very long time
(up to eight years) so we can deal with individugterogeneity in the most
extreme way by estimating the model individually éach household. Milk

is assumed to consist of two characteristics: miks and fat.

Milkiness is the part of milk which is present ihfaur types of milk in the
model, i.e. the common characteristic which distisges milk from a
mixture of calcium and water, i.e. the fact thati yan use it in your coffee
or on your cereals, etc. One litre of milk contabme unit of milkiness
regardless of the type of milk, i.e. milkiness isanured in litres. As the
content of protein, carbohydrate and calcium i€facally identical in the
four types of milk, these characteristics are ideldiin milkiness (Danish
Food Composition Databank - ed. 7.01, 2012). Tae ¢haracteristic varies
between milk types and not only includes the castehfat in grams, but
also the less definable differences such as meath thste, smell,
appearance etc. It is therefore not possible tsareahe fat characteristic
as precisely as the milkiness. Our best measuhe iamount of fat in
grams, but it does not perfectly capture the diéfifees between types of

milk.

4.1 Identification and estimation of prices

Using observed purchases from all consumers, waa&tst hedonic price

functions for 18 different markets, assuming that price structure varies

14



between three types sfores discount stores, supermarkets and other
stores, three geographicalyions capital area, east and west and tmades
of produce organic or conventional. On each of these mayketscontrol

for whether the milk was produced at a standastalint or luxury dairy,
thereby controlling for the most important quatiifference Demand
functions are then estimated for the householdsnaisg that they visit
several markets, i.e. go into different kinds ofes and buy both
conventional and organic milk. This ensures ide&ifon, since parameters
that do not influence the demand function for tigividual consumer,

namely other consumers’ preferences, influencédumnic price function.

As our consumer only contributes to a minor deg¢wesach particular
hedonic price function, the estimated implicit psacan be assumed to be
exogenous. Furthermore, the usual problem of endtyedoes not apply,
since each consumer’s demand function is estimatiddually. Figure 7
shows the empirical version of the efficient frinotm Figure 1, i.e. how
much of each of the characteristics fat and miksnygou receive if you use
one DKK on a patrticular type of milk, on two spéciinarkets defined by
type of store, region (Capital) and mode of prodigocaventional), both

produced at standard dairies.

Figure 7.1 shows the efficient front at discourttres and Figure 7.1I at
supermarkets. The consumption set consists oftarde points (skimmed,
semi-skimmed and whole milk) for the years 19900 while the
consumption sets in the following years have faun{s due to the entrance
of mini milk on the market. Similar consumptionsean be constructed for

the 16 other markets.

® Discount dairies are mainly foreign dairies whizbduce milk for, e.g. store brands etc.
The luxury dairies are local or speciality dairies.

15



To illustrate the differences between the two mirkegiscount and
supermarkets), consider poanin both figures, which indicates the amount
of milkiness and fat one obtains by spending 1 Ddtkskimmed milk in
1997 in the two different types of stores. Morekimiéss is obtained by
purchasing skimmed milk in a discount store comghémea supermarket,
while the amount of fat is approximately the saRP&ntb (whole milk,

2003) shows that both more fat and more milkineshtained by
spending one DKK on whole milk in a discount stcoenpared to a

supermarket.

Figure 7.1 and Il also show that milk is generaifigre expensive in
supermarkets than in discount stores (the amoumil&iness and fat one
can obtain per DKK is lower). Both figures alsadtrate that the efficient
fronts move towards the origin, which means thatahsolute price

increased over the period.

16



Figure 7 The empirical efficient front, capital, cowventional, standard dairy
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Source: Authors’ calculations on purchase data from GfK ConsumerTracking Scandinavia
A: Milkiness and fat obtained by spending 1 DKK on skimmed milk in 1997 at a discount store.
B: Milkiness and fat obtained by spending 1 DKK on whole milk in 2003 at a discount store.
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Source: Authors’ calculations on purchase data from GfK ConsumerTracking Scandinavia
A: Milkiness and fat obtained by spending 1 DKK on skimmed milk in 1997 at a supermarket.
B: Milkiness and fat obtained by spending 1 DKK on whole milk in 2003 at a supermarket.

Figure 7 also shows that in 2001, conventional mmitk was too expensive
at discount stores and supermarkets (the efficensumption set is

indicated by the dashed grey lines) and the consusi®uld not have been
buying it. That they did anyway may be becausetbduct was new on the

market and was marketed rather heavily.
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Figure 8 is a crude illustration of the hedonicprunction for fat
illustrated for selected markets. The figure iltagts the need for a
quadratic form for the hedonic price function aegarate markets for
organic and conventional. The figure is crude mdknse that the average
price of milk is used so the figure does not tdiedistribution of consumer

preferences into account.

Figure 8 A crude empirical hedonic price function br fat, year 2003, standard dairy,
discount stores
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Source: Authors’ calculations on purchase data from GfK ConsumerTracking Scandinavia

Prices estimated from average prices of skimmedi, s&mi-skimmed and
whole milk. Skimmed milk is the basis and the poé¢skimmed milk is
assumed to reflect the price of milkiness (i.e.aheunt of fat in skimmed
milk is set to 0 in these figures, which is alssiraplification). The price of
fat is then calculated as the difference betweerptite of the milk in
question and the price of skimmed milk, since alkns assumed to contain
the same amount of milkiness.

In the demand model, we treat preferences for aslkeparable from all
other food. Furthermore, we treat preferences fitkimess and fat as
separable from the mode of production (organicomwentional) and dairy

(standard, discount or luxury dairy). As it appefaosn Figure 8, the

18



hedonic price function for organic and conventiamék differs, but the
hedonic price function for fat is unaffected by ttary (not shown in the
figure). We therefore choose to treat mode of pctidn as a separate
market for each kind of store and each region,eMiidiry appears as a
dummy within the hedonic price equation. This mehas eighteen
different versions of the hedonic price equationai® estimated, one for
each market (three types of stores, three regioddgveo modes of
production). Equation (5) shows how the price ez bf milk is estimated

for each of the eighteen markets, i.e. thie are market specific:

plt :”milkinesst-l_,?luxurL dairylD I+,7 discount dairyp [

2
1 tat 1 Ztatt +,7fat_30.t( Zta t) tEy

(5)

The constant accounts for the price of one litranafkiness” produced at a
standard dairy, and with no fdD, andD,, are dummies which account for
luxury and discount dairy respectively,, accounts for the content of fat in
grams per litre. The polynomial of second orderliegpthat the price of fat
varies with the type of milk and, as illustratedHigure 8, it is more
expensive to obtain fat from whole milk than froems-skimmed milk. The
parameters from this estimation result in a sehofthly implicit prices of

characteristics, one for each market.

To construct individual prices for each househtild, estimated implicit
prices on each market are weighted according tahpurchase patterns on
either the organic or the conventional market anithé three different

stores’

" We assume that the consumer only buys milk irohis region.
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5 Model specification

5.1 Demand under quadratic utility

We assume a quadratic utility functiorfz) = Za —0.5 23 :in the
characteristics milkiness and fat. The quadratigybhas a point with
maximum utility (a bliss point) and the possibildaf/negative marginal as
well as absolute utility of characteristics. Thiakas sense when estimating
a model for characteristics. Free disposal is gpalkssible for goods, but
not always for characteristics. It is not posstblelispose of fat without
disposing of milkiness, and a positive utility oflkmess may outweigh a

negative absolute utility of fat.

To simplify the problem a little, th@ matrix is assumed to be diagonal.
This means that we assume no correlation betweseutility of milkiness

and fat. In order to normalise the parametersalpleas are assumed to sum
to one. In a two characteristics world, the utifityction for householdl at

timetis:

u(Z)=2a"-0575"2=(1-a)) 2+a) 2085 F+5 ¥
©

where z is milkiness measured in litres, aafi is total fat from milk. This

means that in optimum we have:

ouoz. _(1-a3)-Blz
aU/ait B 0’; _/Bzhi;

(7)

GIER

where 7z, is the price of one litre of milkiness for houskhlin periodt,
and 7z, is the price of one gram of fat for househblih periodt. For each

household, and each time periddthis is equivalent to:

20



2, nh hh
nlh+ﬂl nh 222 (8)

O=a) - (1— a )
This is calledn-demand (Browning, 1999), which generally implieatt
demand for one good is expressed as a functioerobdd for a reference
good. In this particular case, we estimate the aehfiar fat (z,) and use
milkiness (z,) as the reference characteristic. As long asdfezence good
(or characteristic) is normal, this is a satisfagctmeasure of utility
conditional orprices {bid). The parameters of the utility functiosm &ndp)
are assumed to be household specific and timeiantawhereas both
pricesz and consumptiom are allowed to vary over time and between

households.

We assume that we do not measure consumption gegrdeca random term
is added to the's. The random terms on tizs are connected by the

budget:

-z - (2 +£))

X = (&) et (Z4el) o gh=l -

(9)

and we can therefore only identify one error teéWvie have defined
milkiness as the observable identical charactergdtthe four types of milk,
whereas fat covers not only the contents of fgrams which is presented
on the packaging, but also the quality differeriocésiced by the different
fat levels. These quality differences are not plyeobservable, and we
therefore use milkiness as the reference good ssuhze that it is observed
perfectly, and assume that fat is observed witlettamty. Then then

demand in (8) becomes:

8 We have also estimated a model in which the ran@om is related to the preferences
and therefore added to the alfas (Andersen and 20@8). However, the conclusion was
that measurement errors worked better.

21



0=a) —(1—a§)§+[z’h§

]_[E 1 nﬂzf‘ﬁ;(Z;ﬂLf;) (10)

5.2 Including trend and information in the specificatio
A trend is introduced in the model in order to bageneral changes in
preferences over time. The trend is made exponemdhadded to the alpha

parameter.

We also model the influence of information as addito the alpha
parameter, which implies that both information #&meehd decrease the
marginal utility of fat regardless of how much ieconsumed. We do not
include the trend and the information in the nois:la»slion(crl+cr2 :1) . This

means that the utility function in equation (6) bees’

U(z. ZZ):(l—a*z‘) 4+(a2+r2|n( d+y) |) £—0-5(:31h( ﬂ)2+,32( é)z)

(11)

and that then-demand from (10) becomes:

0=(a +r2in(t) 121 )~(1-02) B p 2ot Y21 1) 12

5.3 Instrumenting the reference characteristic

We know thatz is endogenous due to the correlation between ineilg and
fat through the budget and we choose to instruinetite lagged value of
milkiness and the total budget for drinkable dg@rgducts. We assume that
households divide their total budget for food canption into a part which
is related to dairy products, and a part whichos @©nce this is done the

household decides which fraction of the dairy budgeuld be spent on the

® We have also tried models without a trend and wiither a linear or a quadratic trend.
The exponential trend showed the best result.

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 adren fat.
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sub categorgrinkabledairy products. The drinkable dairy products csinsi
of the non-flavoured milk which is included in auodel, and types of milk
with radically different tastes (buttermilk, choatd milk, flavoured milk).
We use the budget for drinkable dairy productsramstrument because
this budget is decided before deciding the sub éufig non-flavoured
milk. We also use the lagged consumption of milkgjy@ssuming that the
random error terms influencing actual purchases/ary month are not
correlated over time. A valid instrument shouldrélevant (correlated with
the endogenous variable) and exogenous (only ebecelvith the
dependent variable through the endogenous varidkie)relevance has
been tested, and the instruments are jointly releaathe five percent level
for 85 percent of the househofttsThe exogeneity is fulfilled if the overall
drinkable dairy budget is decided before the mikideet and if the error
terms in consumption over time are uncorrelateargsed above. The
instrumentation is done for each household indizilyu

h

Zy =’71hzj?—1+’72~)§h+(1h = H71h=/71h%1— /) ?X (13)

where Z_, is the lagged value of; and " is the amount spend on
drinkable dairy products. We use the control funti@pproach (Blundell
and Powel, 2003), which means that we include battestimated valua”

and the residuatﬂ - ZT in the estimations. Equation (12) then changes to:

0=(a} + 13 (1) + 21 )-(1-a2) Bs 1B 204 5 (2= 2) - g e )

(14)

5.4  Empirical identification

Equation (14) can be rearranged to:

* As we estimate the model household by househeldest is likewise performed for each
household individually
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which empirically can be estimated as:

h h h hlzgt h77J21t h”;[ h ~ 3
Ly =4 +w2|n( )+C() |+, 7Zf + Wy FZ +0)6ﬂ;( 1 zr1|1)+<r\2(16)
whered =a}/B], of =13/B}, ol =y} B}, b =-(1-a})/B],

of =B/ B; anded =3/ ;.

Note thatef = —(1-a2)/ 82 = ~Y B2 - 1= wi-a]
w,=-(1-a,)/B,=w,~B;" = B, =w,~w, which means that the

relationships are:

o = ) oh = o o o ph= 1
1 h 2 h he 1 h ht 2 h h
af_w4 W —w, W ~w, W, —w, (17)
= 2 h_ 2) 5" 2\
2 T LERL PIE h_h
a‘f w, W —w, w, ~—w,

The equation can of course also be estimated gjiths the dependent

variable. The identification issues are equivalent.

5.5  Tobit with two sided censoring

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 torghiase more than 35 grams
of fat per litre of milkiness (whole milk). Thesestrictions mean that the
analyticalm-demand in (16) cannot always be obtained. Houslshbht

have preferences for milk with less fat than skidmelk and households
that have preferences for milk with more fat thdrole milk are censored.
This problem is solved by estimating a Tobit madieh two-sided

censoring (Amemiya, 1984; Tobin, 1958). As the niaglestimated for

each household individually, the actual equatioastimate with

instruments (see equation (16)) becomes:
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After estimating the parameters, we then predietctinsumption of fat both
in the estimation period and in the prediction ety ignoring the effect

of the residual and using the true valuezpfinstead of the instrumented

variable:
2 = ol afin Q)+l + ) 22+ T 2] (19
nooon
We then calculate the predicted milkiness from #imd the budget and
. o X
prices: =0 a2 (20)

,

The bliss point

The estimated parameters give a range of posmbitib investigate
household preferences for fat. One of the featof@squadratic utility
function is that it is possible to calculate thefprred amount of fat and
milkiness that would be purchased if all pricesevegro (i.e. the bliss
point). If S is diagonal, the bliss point for each houselioéhd each time
periodt can be calculated from (11) as:

2 _a and 2 _a +1;In(t) + 5,
t h

A B

(21)

Where z)is milkiness andz, is fat, both purchased by househbldt time

t. The optimal share of fat can then be calculatech f§21):
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z (ag +73In(t) +y§|t),81h (22)
z alB;

6 Results

The structural parameters which can be derived fquoation (16) are
estimated for each of the 1,415 households inahgte and the results
therefore cannot be presented in a simple tablethéfefore present the

distribution of some of the parameters, and tassignificant correlations.

Both the optimal fat and the optimal share of fat@anging over time due
to the influence of the trend and information. Fe@ shows the
development in the density of the predicted optigtelre of fat from 1997

to 2004. The preferences for fat seem to have dsedeover the period.

Figure 9 Optimal share of fat, 1997 and 2004
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Source: The distribution is calculated as a kernel regression with Gaussian kernel (see e.g. Blundell and
Duncan, 1998).

In the following, we investigate the relationshigtlween the optimal share
of fat and various socio-demographic variablesr@deoto give a more
precise picture of the consumption patterns of Blagbnsumers. We would
also like to know whether information or prices kcble used to regulate

the consumption of fat from milk. Therefore, in thext sub-section, we
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also investigate whether the own price elasti@tyfat> and the effect of
information about the negative health effects v¥&ies with the optimal

amount of milkiness and share of fat.

To obtain more reliable results, only householdgctvbuy more than one
type of milk more than 30 percent of the time (5,4buseholds) are used in
the estimations below. We also impose the resindinat the observations
used must have positive optimal milkiness valueabse households with
negative optimal milkiness value could just aslgdsve obtained their
dairy fat from buying other types of dairy goodsca they do not value the
milkiness characterstics (1,276 of the 1,415 hooisishhave positive
optimal milkiness value at some point in time)ohder to minimise the
effect of outliers, we also require the optimalkiméss per person per week
to be less than 13 litres, the optimal share ofddite between -100 and 100
grams per litre and both the own price elasticitfaband the parameter
information to be between -1 and 1. This gives saraple of 67,139
observed purchases from 1,160 households. Whenatsig on the basis of
these purchases, households which report purcirasggny months are
given more weight than households which only pgdite during the
minimum 24 months. Only 5 percent of the 1,160 kbo#ls have less than
24 observations, half have more than 53 obsenatishile the average is
58.5 observations per household. Section 6.1 bfdouses on socio-
demographic differences in consumption, while secé.2 focuses on price

elasticities and reactions to information.

12 The own price elasticity shows how the consumptiba product is expected to change
(measured in percent) if the price of the prodoctéases by one percent. In this case, the
‘product’ is the characteristic, fat. The derivatiof the own price elasticities for milkiness
and cross-price elasticities between milkinessfahdre shown in Andersen and Smed

(2008), appendix B .
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6.1 Valuation of fat over time and for various socialdedemographic
groups

It is useful to know the socio-demographic chanasties of target groups
especially for marketing strategies, but also witesigning public
campaigns which aim to reduce the intake of satdrtdt. This knowledge
Is also important when evaluating which groupshefpopulation will be
affected by different types of interventions by thehorities. In the
following, we test whether the optimal share ofaties systematically
between households with different consumption aeld households with

different socio-demographic statuses.

Table 1 Optimal share of fat explained by socio-deographics

Param.
Explanatory variable Est. St. Err. Pr > |t| F test
Intercept 14.84 0.254 <.0001
Time® -1.70 0.230 <.0001
Optimal milkiness per personb -2.61 0.047 <.0001
Dummy for men 21 yrs or older
in household 1.74 0.157 <.0001
Dummy for kids 3 yrs or
younger in household 1.30 0.274 <.0001
Age of the main shopper® 0.15 0.005 <.0001
OECD weighted household
income* -0.28 0.041 0.0002

Education of the main shopper, 3 years or less of non-vocational higher education,
(short) is control group

None or vocational further

education (low) 1.83 0.191 <.0001

] ) Low = long:
Medium or long non-vocational 0.0343
higher educ.
(3 years or more) (long) 2.22 0.237 <.0001
Urbanisation, city municipality is control group®
Lives in a rural municipality 2.45 0.144 <.0001 Ryr = cap:
Lives in the capital area 0.76 0.165 <0001 <0001
Number of observations 67.139
R 7.61 %
Adjusted R? 7.60 %

Source: OLS regression on parameters for preferences for fat in milk obtained through estimation of a
structural characteristics model on observed purchases from GfK ConsumerTracking Scandinavia.
Dependent variable: optimal share of fat, measured in grams per litre.

a: The trend has been normalised so that a change of 1 corresponds to a change of 96 months, i.e. the
difference from the beginning of the estimation period to the end of the estimation period.

b: The optimal milkiness per person is measured in litres and rescaled so that 1 litre per person
becomes the control group.
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c: The age of the main shopper is measured in years and rescaled so that the age 50 becomes the
control group.

d: Income is recorded in brackets of DKK 50,000 (~€6,700). These brackets are divided by the number
of individuals in the household, weighted by the OECD-modified scale, i.e. 1 for the first adult, 0.5 for
each additional adult and 0.3 for each child (OECD, 2009). The value is rescaled so that the median
value becomes the control group.

e: The 271 Danish municipalities from before the municipal reform are divided into rural, city and capital
municipalities by the proportion of households living in urban settlements. A household may live in the
countryside of a city municipality, but the probability of living in the countryside is less than for
households living in a rural municipality.

Table 1 shows the results of a linear model, resyngshe household
specific optimal share of fat on a general treisdyall as the socio-
demographic characteristics of the households atiteandividuals who
are mainly responsible for shopping (the main skopp We use the age
and the education of the main shopper because kexde¢hat this
individual also makes most of the decisions regayavhich type of milk to

purchasé?

The results show that, in the beginning of 199&,atherage household in
the control grouts preferred a fat share of 14.84 grams per litrei¢ivh
almost perfectly corresponds to semi-skimmed mitikclv contains 15
grams of fat per litre). During the eight year pdrfrom the beginning of
1997 to the end of 2004, the average optimal fatesdecreased by 1.70
grams per litre. This means that, during the peti@@7 to 2004, there was a

general fall in preferences for fat in milk.

The parameter for optimal milkiness per person shitnat households
which would prefer more than one litre of milk gmarson per week,
generally had a lower optimal share of fat (2.6dngs fat less per litre extra
milkiness). This means that households with a bmyisumption of milk

generally prefer lighter types of milk, and thatieeholds which prefer

3 We have also estimated the model using the averggef the adult persons in the
household, and using the highest level of educatitimn the household, but the results are
essentially the same as the one presented here.

* The control group consists of households withroptiamount of milk per person per
week equal to 1 litre; no men older than 21 yeathié household; no children three years
or younger in the household; short non-vocatiodalcation of the main shopper; living in

a city municipality; main shopper 50 years of agd a household income at the median.
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heavy milk types generally consume less milk, wiilebreases the negative

effect of the high share of fat.

Both the presence of adult males and children teaes or younger
increase the optimal share of fat (by 1.74 for mieB0Q for children). This
was expected for children because they are reconheaeio drink milk with
a higher content of fat until they reach the agthode. The parameter for
the presence of men in the household can bothteneted as if men
generally have higher preferences for fat, or asigle women have

stronger preferences for avoiding fat than women héwve a spouse.

The parameter for age is positive (0.15 per yegnjch means that if the
main shopper is older, the optimal share of fak @l higher than if the
main shopper is younger. This could either be bezad habits formed at a
time when fat was not an issue (a cohort effectpezause the preference
for fat in milk increases with age (an age effe€t)is could be an

interesting topic for research in a longer panel.

The parameter for OECD-modified household incomnee (®ote d in Table
1) is negative, which means that households wigh mcome tend to have
a lower optimal share of fat than people with lovesels of household
income, even when controlling for the educatiothef main shopper. For a
single person, an increase of one unit in OECD-freihousehold income
means, in our case, an increase in annual incorfie,300 and thereby a

decrease in optimal share of fat of 0.28 gramgiper

When it comes to education, the lowest optimaleloarfat is found for
households in which the main shopper has a shorynoational education,
and the highest for households in which the magppkr has more than
three years of non-vocational higher education. Fest shows that the

difference between main shoppers with no educatiorocational
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education and main shoppers with more than thraesy& non-vocational

higher education is significantly different fromraeat the five percent level.

The parameters for degree of urbanisation showhitnaseholds which are
located in city municipalities have the lowest ol share of fat, and that
households which are located in rural municipaitiave a significantly
higher optimal share of fat compared to househeliish are located in a
city municipality or in the capital area, agaireault where the lowest share
of fat is found between the two extremes, and whierdwo extremes are
also significantly different from each other (thirme at the 0.1 percent
level).
6.2  Political implications — who may be affected bycps and
information
It is of great interest to investigate whetherphiee elasticity or the
information parameter varies with optimal milkingss person per week
and with optimal share of fat. In order to obtaimare precise picture of the
variation among consumer types, we have createdrdesrfor different
intervals of optimal share of fat, correspondingh® milk types actually
available on the Danish market during the perigth{sed milk, 1 gram of
fat per litre; mini milk, 5 grams of fat per litreemi-skimmed, 15 grams of

fat per litre and whole milk, 35 grams of fat pinel).

Table 2 shows how the estimated information paramsetary with optimal
consumption of milkiness and optimal share ofdggin divided into five
categories. All the estimated effects are signiilyadifferent from each

other.
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Table 2 Reaction to information explained by optimamilkiness per person per week
and optimal share of fat divided into five categors

Param. St.

Explanatory variable Est. Err.  Pr>|t|
Optimal milkiness per person® 0.01 0.000 <.0001
Dummies for:

Optimal share of fat less than 0 -0.10 0.001 <.0001
Optimal share of fat more than 0 and less than 5 -0.04 0.001 <.0001
Optimal share of fat more than 5 and less than 15 -0.03 0.001 <.0001
Optimal share of fat more than 15 and less than 35 -0.01 0.001 <.0001
Optimal share of fat more than 35 0.01 0.001 <.0001
Number of obs. 67,903

R? 12.64%

Adjusted R? 12.63%

Source: OLS regression on parameters for the effect of 100 extra newspaper articles about the negative
health effects of fat obtained through estimation of a structural characteristics model on observed
purchases from GfK ConsumerTracking Scandinavia.

Dependent variable: Information, estimated effect of 100 newspaper articles about the negative health
effects of fat.

a: The optimal milkiness per person is measured in litres.

The effect of information about the negative effeut fat is expected to be
negative, i.e. the negative newspaper articlegxgpected to make
households reduce their consumption of fat. Thage the case for four of
the fat share categories, but not for the fat leyeho would prefer milk
with more fat than whole milk), who have a relaljvemall but positive
reaction to negative information. The table alsovehthat households with
a high preference for milkiness are less likelygact to information (the
parameter for optimal milkiness per person is pasjt which means that
information does not affect these households. Wioemparing the different
fat share categories, it becomes clear that tleetedf information decreases
as the preference for fat increases, and the ststmgaction is found among
the fat haters. This means that information maatfitgcts the households
which already have a preference for low fat millg imisses the group of
fat-loving households. All in all, it seems as tgbunformation is not a

very efficient way of reducing the total consumptwf fat from milk.
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Table 3 shows how the estimated own price elaisticfor fat® vary with
optimal consumption of milkiness and optimal shafréat, again divided
into five categories. Again, all the estimated etifeare significantly

different from each other.

Table 3 Estimated own price elasticity for fat, exfained by optimal milkiness per
person per week and optimal share of fat divided ito five categories

Param. St.

Label Est. Err.  Pr>|t|
Optimal milkiness per person® 0.01 0.001 <.0001
Dummies for:

Optimal share of fat less than 0 0.00 0.003 0.1159
Optimal share of fat more than 0 and less than 5 -0.03 0.003 <.0001
Optimal share of fat more than 5 and less than 15 -0.14 0.002 <.0001
Optimal share of fat more than 15 and less than 35 -0.23 0.001 <.0001
Optimal share of fat more than 35 -0.28 0.003 <.0001
Number of obs. 67,903

R 43.20%

Adjusted R? 43.19%

Source: OLS regression on parameters for the effect of 100 extra newspaper articles about negative
health effects of fat obtained through estimation of a structural characteristics model on observed
purchases from GfK ConsumerTracking Scandinavia.

Dependent variables: Estimated own price elasticity for fat

a: The optimal milkiness per person is measured in litres.

Just as for information, the parameters are exgdotbe negative, because
an increase in price is expected to cause a decreasnsumption. The
only positive parameter in Table 3 is the one fatiroal milkiness, which
means that households with a high consumption tif ane less likely to
react to changes in prices. This indicates thahgtpreferences for
milkiness make milk a necessity good. Contrarynforimation the effect of
price increases with optimal share of fat, randnogn insignificant for the
fat haters to -0.28 for the fat lovers. Fat haterslld prefer milk with a

negative content of fat, but as this is not avédéathey purchase skimmed

!> The price elasticity is a nonlinear function of tbrice of the milkiness characteristic and
the fat characteristic, and of the budget for thigre purchase. We have chosen to calculate
elasticities for each observed purchase and thawéstigate the average elasticity per
household. This reduces the noise from the variatigrices and budget.
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milk instead (they are at the edge of the possiblesumption set). The
price inelasticity of the fat haters means thatgtiees of the other types of
milk would have to change radically to make thgges of milk attractive
to the fat-haters. More interesting is the fact tha fat-lovers, who are also
on the edge, but at the other end of the possdrisumption set, are rather
influenced by prices. This means that increasiegpitice of fat could be an

effective way of reducing consumption of fat fronikm

7 Conclusion and discussion

The market for milk is suitable for economic anaysnce almost all
Danish households purchase milk and the charatitsrisherent in milk
are well defined. During our data period, there ewaggnificant decrease in
the consumption of fat from milk without any pauiiar decrease in the total
consumption of milk. This decrease was due to bb#nging preferences
for fat and the entrance of a new low-fat varigtynak. In this paper, the
demand for fat in milk has been analysed in a stratcharacteristics
model for milk. Estimating a structural model makgsossible to separate
the preference for milk from the influence of pece&rends and information.
The model also allows us to separate preferencemsifkiness from
preferences for fat, and thereby to obtain a metaikkd picture of the
preferences for milk, and thereby to answer thestjiore of what consumers
want. Some consumers want fat, while others jusit walkiness, and

would prefer to leave out the fat.

Over time, consumers seem to prefer milk with fassThis change seems
to be due to both a general trend but also thaeenfte of information for
someconsumers. Most households that prefer milk witiga fat content
are moderate milk consumers (i.e. prefer less thi#ine a week). It is

therefore important to take the amount of milk eaomed into account when
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predicting the change in the total amount of fatstoned, not only the

share of fat.

In order to plan, design and implement politicaémentions with the aim
of changing consumers’ preferences for fat, itfimajor importance to
know how different types of consumers will reactifferent types of
interventions. Most households react to informatlmut the reaction is
strongest among those who already prefer milk wikbw fat content, while
for the fat lovers, the reaction has the wrong sigmch means that
information about the negative health effects vhfiakes them prefer even
fattier milk. Information might therefore scare |dat milk consumers out
of the milk market, and still not have the desieg@éct on high fat milk
consumers. Price policy instruments might be a refextive way of
reaching high fat consumers, since most houselhalds a negative own
price elasticity for fat, while high fat consuméi@ve the strongest reaction
to prices. Households that prefer milk with a famtent lower than 0 grams
per litre are price inelastic, so the price polstrument would not
influence the fat-haters to the same extent agrirdtion. All in all, prices

seem to be a better policy instrument than infoiomat

The correlation between socio-demographics anangptshare of fat,
which is found in this paper, shows that a higtelef fat in milk is mainly
preferred by households which have a relatively éowsumption of milk,
or by households with children which are less tthaae years old and/or a
relatively low income. Therefore, if prices are sgad by, e.g. taxes, the

effect will most likely vary between different gnosiof consumers.
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