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Abstract

In this paper we investigate preferences for fat in milk through a structural characteristics
model. The data includes information about daily purchases and social and demographic
characteristics of approximately 2500 households. We find that consumers who prefer milk
with a very high fat content can be reached both by information and prices, while consumers
who prefer milk with a moderate to high fat share are not influenced by information, but are
price sensitive. This is of great importance since these households drink a lot of milk and

thereby get a considerable amount of fat through milk
Keywords:Fat in milk, Characteristics model, hedonic prices.

JEL: D12

Introduction

Health problems related to an excessive intaketfrated fat are among the major nutrition
problems in most industrialised countries, as & higgake of saturated fat can lead to
increased blood cholesterol levels and risk oforagilifestyle-related illnesses. In Denmark,
the consumption of saturated fat from milk has éased during the last decade (Statistics
Denmark, 2008), which in part might be a reactiggoru massive campaigning from the
Danish health authorities against an excessiv&enté saturated fat, but also to a large extent
due to the entrance of low fat varieties on thekmlarket (Smed and Jensen, 2004). These
changes on the milk market give a good possilititinvestigate preferences for saturated fat,
how they can be expressed through demand and heyvdmange over time and due to

information.

In this paper we investigate preferences for fatmilk in depth through a structural
characteristics model, i.e. a model where consurdere utility from the characteristics
inherent in milk, not from milk itself (Lancastel966; Gorman, 1980). We introduce
systematic changes in preferences initiated bgradtand exogenous health information. The

data used for the estimations are based on ansextepanel dataset at household level. This



means that it is possible to estimate the modeisdiwld by household allowing for the

maximum degree of individual heterogeneity.

There is a need to understand possible barriefsiftirer reductions in the intake of saturated
fat since this knowledge may be essential for #sgh of new actions aiming at reducing the
intake of saturated fat. The derivation of a strcedt model for individual households brings
us closer to separating preferences and changkesa due to e.g. information from reactions

to prices and budget constraints.

The rest of this paper is organised as followstiBe® starts out with the basic theory of the
characteristics model and then the data and thk mdrkets are described in section O.
Section 0 is about the construction of prices ia dharacteristics model and section 0
specifies the model using a quadratic utility fumet Section O describes the results, i.e.
valuation of fat, reactions to prices and inforroatifor different types of households and

predictions of demand. Section 0 is devoted tesaudision and conclusion.

The characteristics model

The characteristics model was first developed bynao (1980) and Lancaster (1966) and
further developed by Muellbauer (1974) and Rosév4). Generally, we assume that the
world consists oH individual households. The number of goods avéela each period ik
and the number of characteristicgd.ig he connection between goagland characteristicsis

described through the technology matrix A.

Characteristics
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1 _all al] al]_
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It is assumed that the amount of characteristiosbheaaggregated 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 purchasddcharacteristics obtained can be

written as:

z=Aq (2)

The technology matrix A is constant over househaltdgh implies that all households meet
the same Amatrix and we assume it to be constant over the span used in our model (in
principle the Amatrix can change over time as products with new @neviously unknown
characteristics get into the market). For each élooisl we observe the quantity purchased of
each good:q" :(q{}qft‘ql'}) and we also observe a unit price for each gooeaich
period: p! =(p1'} ft‘pﬂ) The total expenditure by househdidn periodt is there-

forex' = ( p ) ' . Knowing the technology matrix A and the amoungobds purchased we

can calculate the amount of characteristics puathas

The optimisation problem

The households have preferences over charactsriaiticl the purchased quantities of goods
that we observe are a result of households maxgitieir utility given the technology, the
prices and the budget. In each period the housd¢hetéfore faces the problem:

wax o (2]a)

G

st. "= Al

x'=z(p') o
q'=0

where Q" are socio-demographic characteristics afids the total budget used by household
h at timet. Note that the household optimises over gogdsut measures utility over

characteristicg. This is because consumers purchase goods, butroercharacteristics.

In the world of two characteristics the consum@rgblem can be shown visually. Knowing
the pricesp and the total amount spém we can calculate the amount of each characteristi
(21, 22) that household¢h would obtain in period spending all the money on good one (point

ain Figure 1la below). If he spent all his moneygmod 2, he would obtain another amount of

! In theory we need to know the amount availablectorsumption. However, this amount cannot be oleskrv
so we have to assume that the budget constraiimiding and use the observed amount actually spent.



characteristics (poirtt). We assume that all goods can be purchased tmoons quantities.
This means that any linear combination of goodad Zis possible, and the line between the
highest obtainable level of characteristics (panand pointb) is therefore the budget
restriction. When a new good, with known charast&s, but in new amounts, enters the
market, the price of that good determines whetheilli be purchased or not. In Figure 1a the
price is too high (the consumer would get leshefdharacteristicg, and z, buying the new
good) while in Figure 1b the price is so low tHa budget constraint is pushed outwards and
the consumers can obtain their preferred mix ofrattaristics in a cheaper way than by

mixing 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 purchasedhieyindividual household. For another
household it might be more efficient to purchaseia of the new good and good 2 as shown
in Figure 2. Due to the technology restrictionjsitnot possible to purchase characteristics
outside the trianglga,b,0). This makes it difficult to point identify the paraters of the
utility function for households who only purchasg@od on the borderline, as e.g. the grey

stipulated household in Figure 2. We will returrthat later.



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

The implicit prices/r measure how much money the household is willingayp for an extra
unit of characteristig, (ﬂzax/az). If there are more goods than characteristicsithgicit
prices have to be estimated using a hedonic puoetibn, see e.g. Rosen (1974), Ladd and
Zober (1977) or Ladd and Suvannunt (1976). In ddwoith J characteristics optimised over

| goods, the first-order conditions means that:

0u du _Loudz du
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g (4)
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The derivatives 0z /aqi are the elements in the technology masiix The marginal utility
of the budgetdu/ox is assumed to be constant. This implies that wee ha assume
homothecity of the utility function. This assumptis not realistic for luxury goods or goods
with a large share of total consumption, but meaistic for a normal good with a smaller
share of total expenditure (like milk). The homatiyeand (4) implies that the price of a good
is a weighted sum of the implicit prices of its haeristicsp, = ZHJ-O’”- , Which is one of the
most important features of the characteristics hdtlep, > 77,0, Jthen good is not bought as

illustrated in Figure la.



When implicit prices are used in a model estimautlegnand for characteristics there are
several points to consider. Since one DKK spenfoma will give you varying amounts of
nutrients, dependent on which mixture of foods gboose to buy, the budget constraint in
characteristics space is generally nonlinear. Tdads to endogenous prices. However, under
the assumption of constant return to scale, prozes be assumed to be exogenous in the
optimal point (Deaton and Muellbauer, 1980). Anotpeoblem is that consumers choose
guantity and price simultaneously as illustratedrigure 3. This means that the model is
unidentified (Ekeland et al., 2004), the implicriges provide no more information than the
preferences originally used to estimate the imipficices. Brown and Rosen (1982), Kahn
and Lang (1988), Eppel (1987) and Ekeland et &042 suggest identification by allowing
the price function to have higher powerszqthe characteristic) in the case of single market
data or to use multi-market data to solve the ifieation problem. The main idea behind
these identification strategies is that there nfugstadditional parameters affecting the price
functions that are not contained in the demand tfionc The multi-market identification
approach, which is used here, builds on the assamiftat the preference parameters and the
distribution of tastes are identical across markbtg the price functions differ between
markets, i.e. are affected by some additional &g not in the demand function. This

implies different patterns of variance in differemarkets.

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

Hedonic price function

v

*Adapted from Epple, 1987.



The identification of preferences from variationtive hedonic price functions are illustrated

in Figure 4.
Figure 4 lllustration of identification in the mult i-market case
P(2) » HPF Market 2
HPF, Market 3
HPF ,Market 1
p(z)
P(z) T T
p(z) N
Z; 4, 4, g

HPF = hedonic price function.

Despite that the identification problems are solwedthe multi-market case, a standard
endogeneity problem persists, since the quantity @ice of the characteristics are chosen
simultaneously. This implies that the dependentiabée (the chosen amount of the
characteristic) and the implicit price are correthtthrough their dependence on the
distribution of individual heterogeneity (Bartik987; Kahn and Lang, 1988; Diamond and
Smith, 1985).

Data and the milk market

Purchase data and background data
In the empirical estimations we use a comprehengareel dataset from GfK-Denmark (a
marketing institute with branches all over the wriThe data cover the period from 1997 to
2004 and include information about daily purchdsesndividual households. Additionally, a
wide range of social and demographic questions tatie households (income, location,
media habits, favourite store etc.) and informatadoout each individual in the household
(BMI, exercise habits, education, age etc.) areegpognnually. These purchase data are
combined with nutrition data such as the conterfagfprotein, calcium etc. for each type of

milk. This means that whenever a household purchask, we know the equivalent bundle



of nutrients purchas€dOn average 2,500 households report their purchasesdaily basis

which sums up to 10,500 weekly observations onhmages of milk. The milk purchase data
are aggregated up to monthly observations in ar@eninimise the amount of zeros in the
dataset. This also makes the inter-temporally sdy@ar model, which we use, more

appropriate since milk is a non-durable gdod.

Information data

Consumers receive information about the connedbetween health and the intake of fat
through various channels. Most studies incorpogatie effect of health information on food
demand use proxies to account for the amount @irnmdition that consumers receive. The
most direct approach uses the number of relevanspeper articles and/or the number of
television transmissions (e.g. Piggott and Mar€942 McGuirk et al., 1995; Schmidt and
Kaiser, 2004; Verbeke and Ward, 2001; Smith etl&®88). This approach is used here as the
number of articles mentioning a link between thmake of fat and health are collected from
Danish newspapers. The basic search words aratfath/low fat in connection with health,
slim, overweight, obesity resulting in 12 differeasdmbinations of searches. The articles are
aggregated over newspapers independently of tieecsifocation of the article. The number

of articles is steadily increasing until 2001 ahdrt it decreases.

Several of the indices introduced in the literatuse a lag structure, as they find that press
coverage has a cumulative effect. This includegp&noumulative indices as in McGuirk et
al. (1995) and Schmidt and Kaiser (2004), decliningrehdao lagged index values as in
Rickertsen et al. (1995) or more sophisticatedcttines as in Verbeke and Ward (2001).

Based on the literature we choose to let the inéion last for a three-month peribd.

The milk market
Until February 2001, there were four major typesnilk on the Danish market: Whole milk,

semi-skimmed milk, skimmed milk and buttermilk. Bumilk is soured and therefore not

2 For a throughout description of the data see S{2@08).

3 Milk will only keep fresh for a little longer thamweek. The market for UHT milk is minimal in Deark and
almost all households buy and consume fresh milk.

* We have also tried a cumulative structure wittdaoay and a current index with no lags and thesthrenth
structure shows the best result. More sophisticatedyses of the lag structure will be a routeuotter
research.



included in the analysis. Whole milk has a fat eanhtof 3.5 per cent, semi-skimmed milk of
1.5 per cent, skimmed milk has a fat content ofg&d.cent. In February 2001, a new type of
milk (mini milk) was introduced on the Danish matkiglini milk has a fat content of 0.5 per
cent compared to the 1.5 per cent in semi-skimmiéld firhis new type of milk took over part
of the market for semi-skimmed milk and reversesl iticreasing trend for skimmed milk,
while the trend for whole milk was almost unaffettes it is evident from Figure 5. The total

volume of milk purchased has been more or lesdestab
Figure 5 The Danish milk market, January 1997 to Deember 2004
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In Smed (2005) and Smed and Jensen (2004) priseadias for milk were estimated at an
aggregate level both before and after the intradoodbf mini milk. These elasticities show
that before the introduction of the new type ofkriemi-skimmed and skimmed milk were
substitutes. After the introduction of mini milkette is no longer any substitution between
semi-skimmed milk and skimmed milk, while semi-skied is a substitute to mini milk. This

is coherent with the characteristics model.

Prices

We take prices as given for the individual housdsoand thereby focus on the demand side,
which seems reasonable in the market for foodsesthe individual consumer’s decision

cannot affect suppliers in the hedonic model folkmiThis is equivalent to the approach in



Muellbauer (1974) and Blow et al. (2005) and opjgoBiosen (1974) who focuses on both the
demand and supply side. The comprehensive dathsétwe use allows us to follow
individual households over a very long time (ugeight years) so we can deal with individual
heterogeneity in the most extreme way by estimatimg model individually for each
household. All types of milk exist in both a contienal and an organic version. Milk is
assumed to consist of two characteristics: millsreasd fat. Milkiness is best explained as the
characteristic that distinguishes milk from a mmetwf calcium and water, i.e. the fact that
you can use it in your coffee, use it in pastryporyour cereals etc. One unit of milk contains

one unit of milkiness independently of the typerolk, i.e. milkiness is measured in litres.

Identification and estimation of prices
We estimate hedonic price functions for severalketar(different stores and different modes
of produce) using observed purchases from all coesst Demand functions are then
estimated for the households assuming that thay seseral markets i.e. go into different
kinds of stores and buy both conventional and aoganilk. This ensures identification, since
parameters that do not influence the demand fumdto the individual consumer, namely
other consumers’ preferences, influence the hedmige function. As our consumer only to a
minor degree contributes to each particular hedprice function, prices can be assumed to
be exogenous. Furthermore, the usual problem obgarkity does not apply since each
consumer’s demand function is estimated individudtlis assumed that there are three types
of stores: discount stores, supermarkets and stbegs. Furthermore, the country is divided
into three regions: capital area, east and wegstesinis assumed that the price of milk

depends on which part of the country it is bought i

Figure 6 show how much of each of the charactesidait and milkiness you get if you use
one DKK on a particular type of milk, i.e. this tise empirical version of the theoretical
Figure 1. From 1997 to 2000 the consumption sesists of only three points (skimmed,
semi and whole milk), while the consumption setshie other years have four points due to

the entrance of mini milk on the market.



Figure 6 The empirical consumption set, capital, dicount, 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 shoatdactually be buying it. That they do it
anyway might be because the product is new on thkeh and has been marketed rather

heavily. Similar consumption sets can be constcufdethe other markets.

Figure 7 is a crude illustration of the hedoniccpriunction for fat illustrated for selected
markets. The figure illustrates the need for a gaialform for the hedonic price function and
separate markets for organic and conventional. fignee is crude in the sense that the
average price of milk is used so the figure doelstake into account the distribution of

consumer preferences.



Figure 7 A crude empirical hedonic price function br fat, year 2003, standard dairy
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Prices estimated from average prices of skimmed, mini, semi-skimmed and whole milk. Skimmed milk is the basis and the price
of skimmed milk is assumed to reflect the price of milkiness (i.e. the amount of fat in skimmed milk is set to 0 in these figures,
which also is a simplification). The price of fat is then calculated as the difference between the price of the milk in question and
the price of skimmed milk since all milk is assumed to contain the same amount of milkiness.

In the demand model we treat preferences for m#ksaparable from all other food.
Furthermore, we treat preferences for milkiness &aidas separable from the mode of
produce (organic or conventional) and dairy (stathddiscount or luxury dairy). As it appears
from Figure 7 the hedonic price function for orgaand conventional milk differs, but the
hedonic price function for fat is unaffected by ttary (not shown in the figure). This implies
that mode of produce is treated as a separate markie dairy appear as a dummy within
the hedonic price equation. This means that 18emifft versions of the hedonic price
equation (5) are estimated, one for each markstp@s of stores, 3 regions and two modes of
produce).
P = Brikinesst T Busary_aairy 1 Os + Bissoount _aairy 1 Do

2
+18fat,t Zfat,t + ﬂfat_sq,t (Zfatl) + &t

(5)

The constant accounts for the price of one litre‘roflkiness”, D, andD,, are dummies
accounting for a luxury and discount dairy, respety,” z,, accounts for the content of fat in
grams. The polynomial of second order implies that price of fat varies with the type of

milk; as illustrated in Figure 7 it is more expesesto get your fat from whole milk than from

® The base is here a standard dairy. Discount daarie mainly milk from foreign dairies, store bramdc. The
luxury dairies are local or speciality dairies.



semi-skimmed milk. The parameters from this estiomatesult in a set of monthly implicit

prices of characteristics, one for each market.

To construct individual prices for each househblel éstimated implicit prices at each market
are weighted according to actual purchase pattarmsther the organic or the conventional

market and in the three different stofes.

Model specification

Demand under quadratic utility
We assume a quadratic utility function. The quadnatility has a point with maximum utility
(a bliss point) and the possibility of negative gmal as well as absolute utility of
characteristics. This makes sense when estimatingdel for characteristics. Free disposal is
usually possible for goods, but not always for elgaristics. It is not possible to dispose of
fat without disposing of milkiness, and a posititdity of milkiness may outweigh a negative

absolute utility of fat.

To keep the problem a little less complicated, fhematrix is assumed to be diagonal. In
order to normalise the parameters, the alphas ssensged to sum to one. In a two

characteristics world the utility function is:

u(z)=za-05zBz=(1-a,)z,+a,z,~ O.E(ﬂlzi +ﬂ2222) (6)

which means that in optimum we have:

0u/0z, _ (1-a,)-Bz s

(7)
au/azz a,= Bz, T,
which for each householdis equivalent to
0=ahi—(1—a2)+ 12 - gy 2, (8)

", A

This is calledmdemand (Browning, 1999), which implies that demdad one good is
expressed as a function of demand for a refereoce,ghere milkiness. As long as the

reference good is normal this is a satisfactorysueaof utilityconditional orprices.

® We assume that the consumer only buys milk irohis region.



We assume that we do not measure consumption ggrfand a random term is therefore

added to the’s.” The random terms on tizs are connected by the budget:

- X_7T121_772(22+£2)
4

X:7Zi(21+51)+”2(22+52) it 51 9)

and we can therefore only identify one error tek'e choose to assume that milkiness is

observed perfectly, but fat is observed with uraiety. Then then-demand in (8) becomes:

0=a) i (1-a))+ B2 - 12 (2 + ) (10)

We know thatz; is endogenous due to the correlation between nagils and fat through the
budget and we choose to instrument by the laggket & milkiness and the total budget for

milk. The instrumentation is done for each housemadividually:
2 =Mt ) = =002 R (11)
where z]'}_l is the lagged value oi]*} and )?th is the budget for purchases of all types of milk.

We include both the estimated val@® and the residual in the estimations; this is dale

control function approach (Blundell and Powel, 20@juation (10) then changes to:

O:ahi—(l—a§)+ "2y +0" (2 —22)—@%(2'} +&) (12

Including trend and information in the specification
A trend is introduced in the model in order to batip with changes in preferences over time.
The trend is made exponential (a matter of empirgsadence) and added to the alpha
parameter. These decisions are based on empixicknee through repeated reformulations

of the model

We model the influence from information as additore the alpha parameter, which implies
that information decreases the marginal utilityfatfwith the same amount independently of

how much fat is consumed. This is illustrated igufe 8.

"We have also estimated a model where the randomiserelated to the preferences and thereforedhtitithe
alfas (Smed 2008). However, the conclusion wasrttegtsurement errors worked better.



Figure 8 The way information influences the marginautility for fat
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We do not include the trend and the informationthe normalisation(al+a2:1). This

means that we get at utility function of the fofm:
U(z,2,)=(1-a,)z,+(a,+7,In(t)+y))2,- 05 B2, + B 77) (13)
The non-instrunented mdemand from (10) becones:

O:(az t7, In(t)+y2| )%_(1_0'2)"':8121_,32%(224'{2) (14)

which can be rearranged to:

Z=a+on()+w) +0, 2+ w0 272,+&, (15)
4 h

where @ =a,B,', @ =15, W=y, & =-(1-a)F and @ =A5; . Note that

w,=-(1-a,)/B,=w,-B;" = B, =w,~w, which means that the relationships are:

), 1
a,= 4 , a,= @ , 181: “ , ﬂz_
Y~ w, W, —w, w,—-w, w,-w, (16)
TZ:L, y, = @,
W —w, w - w,

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

identification issues are equivalent.

8 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.



Tobit with censoring
It is not possible to buy a litre of milkiness wotht buying at least one gram of fat (skimmed
milk), and it is not possible to purchase more tlB&ngrams of fat per litre of milkiness
(wholemilk). These restrictions mean that the at@dym-demand in (15) cannot always be
obtained. Households that have preferences for wmillk less fat than skimmed milk and
households that have preferences for milk with nfatehan whole milk are censored. This
problem is solved by estimating a Tobit model witfo-sided censoring (Amemiya, 1984;
Tobin, 1958). As the model is estimated for eactskbold individually the actual equation

to estimate with instruments (see (11)) becomes:

A=) e v B Bl () el

zh < 7, <35z

After estimating the parameters we then predictsaomption of fat both in the estimation
period and in the prediction period by ignoring #féect of the residual and using the true

value of z} instead of the instrumented variable:

% 2ol +alin() el + 22 v (19

We then calculate the predicted milkiness from &md the budget and prices:
h _ gh 5h
s5h — X[ 2t22t
2 =22 (19)
Lo

Figure 9 shows the Cumulative Density Function (EBRhe mean squared percentage error
on fat in the final estimation of the Tobit withdvsided censoring with instrumentation. The
model is estimated over the whole period with amtiaut trend and information. It is evident
that the model which includes a trend to accounthanging preferences for fat does better

than a model without a trend. Including informatedong with the trend improves the model

slightly.



Figure 9 Mean squared percentage error on fat, inminstrumented Tobit model with and without trend
and information

90%
80% -
70% -
60% -
W 50% +
a)
© 40% -
30% -
20% -
10% -
0% ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 1,000 2,000 3,000 4,000 5000 6000 7,000 8000 9,000 10,000
All hh, no trend, no information == --- All hh, trend, no information
All hh, trend and information
Results

The estimated parameters give a range of posmbilib investigate household preferences for
fat. One of the features of a quadratic utility dtion is that it is possible to calculate the
preferred amount of fat and milkiness bought iféheere no prices (i.e. the bliss point) 4f

is diagonal, the bliss points can be calculatethf(d3) as:

ay +1,In(t) + 51,

B;

and z; = (20)

h
h*_al
t ~  ph

1

Where z, is milkiness andz), is fat. The optimal fat share can then be calcdlftam (20):

zr (a2+r'2‘ In(t)+y'z‘lt)[>’f

- = (21)
A a1,

Both the optimal fat and the optimal fat share @ranging over time due to the influence
from the trend and information. Apart from the blgoint and the optimal fat share of fat in
milk we also look at the own- and cross price @dgds. The derivation of the own price

elasticities for milkiness and cross-price elasasi between milkiness and fat are shown in

Smed 2008. To get more reliable results only houdshehich buy more than one type of



milk more than 30 per cent of the time are usethanfigures below. The following section
focuses on socio demographic differences in consompthe next section focuses on price

elasticities and reactions to information.

Valuation of fat over time and for various social and demographic groups

Especially in marketing strategies, but also indbsign of public campaigns with the aim of
decreasing the intake of saturated fat it is usdful know the socio-demographic

characteristics of the target groups. This subsedimws differences in optimal fat share for
different types of households and changes over. tifioeiseholds with a negative optimal fat
value and a negative optimal milkiness value ouwgiitto be buying milk. There are only a

few of these (between 2.4 and 3.7 per cent of #reelpin different years). They are deleted
from the figures below. A little more than fourtfi§ of the panel have a positive optimal
value of both fat and milkiness. A negative optinfetl share implies that the households
would prefer milk with no fat and they think of tfet that comes along with the milkiness in
a litre of milk as a nuisance. Those with a positypéimal fat share regard fat as a good to

some extent.

Fi gure 10 shows the change over time for the density functieer optimal fat shares for
households that are in the panel the whole peraoh 1998 to 2003 (447 households). The
distribution is calculated as a kernel regressidath aussian kernel (see e.g. Blundell and
Duncan, 1998). The figures show clearly how therogkifat share declines over time. To the
left and the right of the grey lines in the figue the areas where it is not possible to reveal
preferences i.e. households will have to buy milkhva smaller or larger fat content than

actually preferred.



Figure 10 The density function for the optimal fat share over tine
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Figure 11 and Figure 12 show the optimal milkinesesumption together with optimal fat
share. The milkiness haters are left out. All colsmn the figure sum to one. Many
households, 40 per cent of the panel in 2004, havederate optimal milkiness consumption
and a moderate to high optimal fat share (optimmbb&tween 5 to 35 grams of fat per litre).
The fat-haters (optimal fat share less than 1) apgesented in each group of milkiness
attitudes while the fat-lovers (optimal fat shafe @& above) are concentrated among those
who prefer a low milkiness consumption. There ardatdovers who prefer a high weekly
consumption of milkiness. The change in preferenoesards milk with lower fat share is
clear when comparing the combinations of optimadkiméss consumption and optimal fat

share in 1997 (Figure 11) with 2004 (Figure 12).



Figure 11 Distribution of the panel over optimal fa shares and milkiness in 1997
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Figure 12 Distribution of the panel over optimal fd shares and milkiness in 2004
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Figure 13 shows the optimal fat share for househwlith different level of education. There

is not much difference between households withmapooational education, while households
with a longer or medium further educatioprefer a lower fat content. Households with a
short education show a distribution with two bulksie around 12 and another around 32

grams of fat per litre of milk.

° For a detailed description of the educational geosee chapter 2 in Smed (2008).



Figure 13 Distribution of optimal fat share for households in different educational groups, 1997
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Figure 14 shows the distribution over fat sharef@ombination of education and age, note
that the educational definitions here are sligdifferent, namely divided into either practical
or no education versus theoretical education. aheof the age groups the theoretically

educated prefer milk with lower fat content.

Figure 14 Distribution of fat share for a combinaton of education and age, 1997
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Finally, Figure 15 shows the distribution over aomi fat share in 2004 for combinations of
BMI* and education. The theoretically educated houssHudgte a lower optimal fat share

than households with no or practical education,ibaeems like obese individuals prefer a

1 Questions of height and weight for each individual in the household are only posed in 2004. BMI is calculated as:
BMI = weight (kg) / (height (m))”. Overweight is then defined as a BMI above 25, but below 30, while obesity is
defined as having a BMI above 30.



lower optimal fat share than those with normal \eeigThis might indicate that the

consumption of milk is an area where it is ratr@me@nient to save calories.

Figure 15 Distribution of optimal fat share for conbinations of BMI and education
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Political implications — who can be affected by prices and information
It is of great interest to investigate the size aigph of the price elasticity, the trend and the
information parameter for households with differeptimal fat share. In the following figures
the panel is divided into groups according to theptimal fat share and their trend and
information parameters are compared together with price elasticities for fat. A negative
trend parameter indicates that the optimal amotfdaton grams per week per person decline
over time, while a negative information parameteticates that households decrease their
optimal fat share according to information abowg tklation between fat consumption and
health. On average, 57 per cent of the househ@ds & negative trend parameter. Figure 16
shows the share of households with negative andiy@wsrends, respectively, separated by
optimal fat share (the columns within each groum ¢a 1). In general, households that like
fat (the fat lovers who prefer an optimal fat shar@5) have a larger tendency to have a
negative trend for fat, while households that do like fat (optimal fat share < 5) have a
larger tendency to have a positive trend than tlegage. Most households with a moderate

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



Figure 16 Optimal fat share and the trend parameteiin 1997
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Most households have an information parametergusind zero. A positive and significant
reaction to information gives no meaning in thereatr model. Of great interest is the 11 per
cent of the panel having a large reaction to infttion (having an information parameter
below -0.001). One fourth of these are fat-hatepial fat share < 0 grams per litre) while
one third are high fat consumers (optimal fat sk¥rg-35 grams per litre) and another fourth
are fat-lovers (> 35 grams of fat per litre). Figut7 shows the sign of the information
parameter separated by optimal fat share (eacimaptat share group sum to 1). The figure
shows clearly that those who react even moderateipformation (having an information
parameter below -0.0005) are either the fat-loeerfat-haters. Those who reacts the least are

moderate to high fat consumers.

Figure 17 Optimal fat share and the sign of the irdrmation parameter in 1997
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Figure 18 shows the price elasticity separated iyl fat share (columns in each group
sum to one). Most households have a negative owa plasticity for fat (17 per cent have an
own price elasticity of 0 or with wrong sign). Asugh as 45 per cent are rather price elastic
with an own price elasticity below -0.2. This figuwiearly shows that fat-haters (optimal fat
share below 0) and low fat consumers (optimal liare between 0 and 5) are not very price
elastic, while the fat-lovers (optimal fat share3&t or above) and the moderate to high fat
consumers (optimal fat share at 5-35 grams pex) lare rather price elastic. That the fat-
haters are price inelastic comes naturally fronsehleouseholds being on the edge and the
closest they are to having their preferences fetfilare by consuming skimmed milk. The
prices of the other types of milk would have torapa radically to make these types of milk
attractive to the fat-haters. More interestinglyitithat the fat-lovers, who are also on the

edge, but in the other end of the possible consiemget, are rather influenced by prices.

Figure 18 Optimal fat share and mean own price eldigity in 1997
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Conclusion and discussion

The market for milk is suitable for economic analysince 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 cqutgamof fat from milk without any
particular decrease in the total consumption ofkmilhis decrease has been due to both

changing preferences for fat and the entranceravalow-fat variety of milk. In this paper,



the demand for fat in milk has been analysed itractiral characteristics model for milk.
Estimating a structural model makes it possible dpasate preference for milk from the

influence of prices, trends and information.

Over time consumers seem to prefer milk with lessThis change seems to be due to both a
general trend and for some consumers also theeimdli of information. Interestingly, there
are no large differences between weight groupspaetérences for milk. It even seems like
obese and overweight have preferences for milk witbwer fat content than normal weight
individuals. The majority of the fat-lovers (optinmfak share above 35) have a large negative
trend for fat. This indicates that households thatqr milk with a high fat content decrease
their consumption of fat more than other types ofideholds. Most households that prefer
milk with a high fat content are moderate milk comers (i.e. prefer less than 1 litre a week).
It is therefore important to take the amount ofkmmbnsumed into account when predicting

the changes in total amount of fat consumed, nigtthie share of fat.

In order to plan, design and implement politicabmentions with the aim of changing con-
sumers’ preferences for fat it is of major impodaro know how to reach the target groups.
Most households do not react to information, bubagthose who do, there is an over-
representation of fat-lovers and the fat-haterforination might therefore be one way to
reach households that prefer milk with a high fahtent. However, using information to
change consumption might also influence the fagiisatlt is therefore important to consider
what happens if the fat-haters get lower prefererioe fat. Price policy might be a more
effective way to reach high fat consumers sincetrhosseholds have a negative own price
elasticity for fat. Households that prefer milk kvia fat content lower than 5 grams per litre
are mostly price inelastic so the price instrumeititnot influence the fat-haters to the same
extent as will information. The price instrument lwiéach a broader group of households

since also moderate fat consumers are rather geitgtive.
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