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Abstract

Many empirical studies underline that the main eeasfor purchasing organic foods are the
protection of health and the environment and thatgrice premium associated with organic
foods is one of the major barriers to consumptibthese products. These studies also show
that there is a very strong heterogeneity of tloeganic premiums as well as the Willingness
To Pay (WTP) an organic premium. However, it i9alkear from these studies that there is no
consensus concerning the determinants of these fdfidPganic foods. This article focuses on
the question of the formation of these WTP a ppecemium for organic foods when the
consumer decides to commit himself in a long-lastansumption of organic foods in order to
protect his health and environment. We show thetetlis not one but several WTP a price
premium and their determinants are a synthesis songothe characteristics of the consumer
(e.g. income, life expectancy) but also his feargh@® environmental impact of conventional
agriculture as well as his fears about how regotersumption of conventional food directly
affects his own life expectancy. We also show tin&t price barrier should be analyzed
dynamically: for a consumer, the same price of migéoods may initially dissuade him from

consuming organic foods but not necessarily throughis life.
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1. The lack of unanimous and clear factors of WTP @rice premium for organic foods in

empirical survey

The market for organic products is increasing skgafbr example, the part of French

consumers consuming at least organic products ameenth has increased from 37% in 2003
to 49% in 2014 (Agence Bio, 2014). More generathge landfarmed devoted to organic
products has nearly quadrupled between 1999 ari®l(20henz et al., 2015). Despite this trend,
the market share for organic products remains gmérally below 5% in Europe (Bazoche et
al., 2014)) and the share of organic farming stiiresents only 1% of the global landfarmed
and more than 10% of landfarmed in only 11 cousif#egbenz et al., 2015 ; Aschemann-Witzel

and Zielke, 2015).

Then there exists a large empirical literature yriaf the favorable and adverse factors for the
consumption of organic footlsThus, the protection of health and the envirortnsencern are
the main drivers of the organic foods consumptMadkos et al., 2006 ; Hughner et al., 2007
: Hoffmann and Wivstad, 2015:2) In particular, as noted by many scholars (e.d, T290;
Jolly, 1990; Wilkins and Hillers, 1994), consumbtgy organic products because of their desire
to avoid chemicals used in conventional food prdidac The daily consumption of food grown
with pesticides is perceived to be associated itg-term and unknown or deleterious effects

on human health (Hammitt, 1990), such as cancemdal disorders, decreased fertility, etc.

! For a recent literature review see in particulaffann and Wivstad (2015) and Aschemann-Witzel Zietke
(2015)

2 There are also other motivations such as thefltbli¢ organic products taste better. For some woess, there
is a phenomenon of attributes association leadingansider that a food produced with a respecthef t
environment also has a better organoleptic quédityperior taste) and a better health quality (Laece et al.,
2014).



Conversely, the price premium of organic foodsstetl by most of the studies as the major
barrier to the consumption of organic foddmdeed, organic food is actually much more
expensive than conventional food (Hughner et &8l072 Aertsens et al., 2009, Hoffmann and
Wivstad, 2015); Aschemann-Witzel and Zielke, 20B&azoche et al., 2014). These premiums
vary widely between the different types of foodst instance, in the case of Sweden, the
premium ranges from 15-25% for coffee to 50% fagee(Hoffmann and Wivstad, 2015). This
high variability of premiums could be partially damed by the heterogeneity of production
conditions (e.g. coffee vs eggs), given that it rhaymore difficult for some kind of products
(and therefore more expensive) to produce in aarocgvay than for other products. However,
this very high variability of premiums is also falfor similar foods. For instance, by analyzing
the wholesale prices of apples in the United Staiesan be observed that organic premiums
vary from 27% (for the variety "Pink Lady") to 107@6r the variety "Cameo").

Therefore, there is a need to investigate the factd such heterogeneity, knowing that
premiums result from heterogeneous consumers’ bhehawotivated by subjective beliefs more
or less scientifically supporteédThus, the choice for an individual to consumeatr organic
foods at a given date, is the result of his williegs to pay for an organic food and the actual
market price of that organic food. Indeed, if theg@ observed on the market is greater than the
WTP a price premium, the consumer will not buydhganic food considered. It is then relevant
to observe empirically these WTP. Various empirgtatlies show that WTP for organic foods

(or for foods with lower concentrations of pestesdsuch as IMP foods (Integrated Pest

3 Other factors are also mentioned as a barrierutchase organic foods such as the lack of orgavod f
availability, skepticism of certification boardsdaorganic labels, insufficient marketing, satisiactwith current

food source, sensory defects of organic foods (iHaghkt al., 2007).

4US DA (2013) : http://www.ers.usda.gov/data-prddiarganic-prices.aspx

5 Indeed, it should be emphasized that the consuielisf regarding the existence of differentiaftects on

their health between conventional and organic petedis not generally supported incontestably bysitientific

literature (Hoffmann and Wivstad, 2015): at presgns$ not possible to state categorically froscéentific point

of view that eating organic food is better for lieal



Management)) are also very heterogeneous (Bazadie 2014), ranging from 0% to 105%,
with an average of approximately 30% (Aschemanre@Viand Zielke, 2015).

In response to these findings, several authorsteeekplain the heterogeneity of these WTP a
price premium by the heterogeneity of consumeraratteristics (gender, age, income, level
of education, etc.) and / or by the characterigifcgrganic products (ex. appearance, sensory
defects, organic certification logo, etc.). As feth out by Aschemann-Witzel and Zielke
(2015), the results provided by the empirical &tere appear to be relatively contradictory and
do not make it possible to highlight unambiguousty unequivocally the role of the usual
explanatory variables. For instance, Bazoche dR@ll4) observe that apart from the higher
WTP of women for organic apples, the results daeetal any other systematic influence (e.g.
no gradient for age, income or education), wheteageiro and Hine (2002) observe that
respondents belonging to the upper class are gilimpay significantly more an organic
premium for potatoes and Marette et al. (2012)swthtat income (weakly) influences the WTP
for organic apples. Consequently, the WTP a prieenpum for organic foods appears difficult
to explain in a simple way by the usual socioecaovariables. This finding seems quite
surprising, because it could be expected that dmswmption of organic products would be
discriminative in terms of socioeconomic charasters.

The aim of this article is to show that this abgen€ unambiguous factors for WTP a price
premium for organic foods can be partly explaingdabpossible ambiguity concerning the
protocols of the various empirical studies butaih de also explained analytically by the fact
that the determinants of the WTP are a complex h&gid, combining consumers’
characteristics and their fears concerning coneeatifoods. We propose a model of consumer
behavior in which we specify two major concernsdaronsumer of organic foods: on the one
hand, the consumer may be concerned about theoenwental effects associated with the

conditions of production of conventional foods, wuhiaffect his perception of the



environmental quality of these foods. On the otiend, the consumer may also fear a link
between the consumed quantity of conventional f@khis own health, these two concerns
being more or less correlafe®ur analysis then explores the following ideaahihis, to our
best knowledge, little discussed in the literatuiréhe consumer’s choice to consume or not
organic products integrates the risks for his he&is WTP a price premium should be analyzed
in a dynamic context. Indeed, the risks associafédthe consumption of conventional foods
are long-term and cumulative in relation to thedgiel accumulation of chemical residues in
consumers' bodies. Therefore, if a consumer of estienal foods decides to consume just
once an organic food, this one-time consumption mot havea priori any impact on his
perceived health. Thus, the decision to consumaobto consume organic foods to protect
one's health should be analyzed as a long-lastingratment and not as a sum of independent
and repeated one-time decisions. This decisionrakspeot only on the usual economic factors
(e.g. income) and beliefs about this risk (e.g.ceeed link between conventional food
consumption and accumulation of chemical residnéise body), but it also involves variables
related to the influence of time in this decisiarcts as preference for the present and the
perceived life expectancy of the consumer at the tf his decision or not to commit to a long-
lasting organic consumption.

Besides explaining the determinants of the WTP ieeppremium for organic foods, our
modeling aims at answering the following questicios: a given consumer, should a high
premium for an organic food be necessarily a d@fmibarrier to organic consumption or can
it be seen as a temporary retardant, even if thte premium, other prices, income and risk

perceptions remain unchanged? Is it preferabléhfrirconsumer to start by consuming organic

6 For instance, European consumers may be concabrad the harmful effects of the conventional piigun
of palm oil (in Indonesia, Malaysia, Nigeria, etor) forests and natural habitats apart from angeonfor their
own health.



products over the course of his life and thenrish by consuming conventional products or is
it the opposite?

The remainder of the article is organised as fadlon the first section, we show that there is
not only one WTP a price premium for organic fodmg potentially an infinity of WTP,
depending on what it is considered by the consumehe second section, a theoretical model
upon consumer’s choice between an organic foodaatmhventional food is developed in an
optimal control framework. The third section focsisen the analysis of two particular
premiums and the resulting optimal consumption pEtie effect of consumer’s characteristics
upon these premiums are analysed in light of ewgdiniesults concerning factors of WTP

organic price premium. The last section concludes.

How many WTP a price premium for organic foods?

In previous empirical studies attempting to measame explain WTP an organic price
premium, it is implicit that the consumer unambigsiy interprets the usual question “How
much are you willing to pay for an organic food@f &ny variant of this formulation), assuming
that for a given consumer and for a given foods thdividual WTP is unique. However, we
can show that there is potentially an infinity ioflividual WTP depending on how the surveyed
consumer considers the organic food consumption.

First of all, following Johansson (1996), it shobklremembered that the WTP an organic price
premium corresponds to a price variation and netltomp sum to be subtracted from income,
since the resulting variation of quantity is notessary null. Consequently, besides the fact
that this WTP does not generally allow a calcutattb consumer’s surplus (Johansson, 1996),
the question of the uniqueness of the WTP an ocgance premium should be addressed.

Indeed, the WTP stated by the respondent is comditito the expected share of the organic



food:in a hypothetical survey, when the consumer statascept a WTP of X $ for an organic
food, we do not know if this consumer considersscoming only the organic food or he is
considering a mix with the conventional food. Ihdze expected that this WTP will be lower
if the consumer considers an exclusive consummfarganic food than if he considers only
a small share for organic food. The second reaslates to the fact that organic consumption
takes place over time: when the consumer statesoepts a WTP of X $ without any additional
information, we do not know if this premium is orityr a one-off purchase or for a more or
less long period, possibly for the remaining lifaen the WTP stated by the respondent is also
conditional to the period considered by him.

If we combine all the possibilities associated vatth of these two dimensions (quantity and
time), then we can consider an infinite number agible combinations concerning how the
respondent understands the question “How much ate willing to pay for an organic
product?” Consequently, this multiplicity of uncouited interpretations in surveys could partly
explain the heterogeneity of the empirical resatiacerning the stated price premiums and
concerning the explanatory factors.

The question is now how to deal with this potentii@ersity of WTP. At least, these elements
should be controlled by additional questions or dpecifying the protocél However,
simultaneously taking into account the organic giyarfor share) and time multiplies the
possible scenarios and therefore increases thebeteeity of the protocols that would seek to
control these elements.

Thus, it can be useful to focus on two extreme W/HiRh would frame all other possible WTP.
The first one is the WTP a price premium for thelegive consumption of organic food for the

rest of the life WTRyg.=100% thereafter): if the premium observed on the maikéess than

7 For example, in their Experiment Design, Biguzzak (2014) require the consumer to choose, foh e the
10 displayed rounds, only one type of tomatoesbaventional, organic or IMP (Integrated Pest gament))
and they ask them to specify the quantity purchased



WTP org. = 100% then the consumer will consume only organic foadtle rest of his life. The
second one is the WTP a price premium below whiehconsumer introduces organic food at
a time of his remaining life'TPorg> 0% thereatfter): if the market premium is greater tharP
org> 0% then the consumer will never consume organic fémdthe rest of his life. The

determinants of these two extreme WTP can be agaliypm the following modelling.

A dynamic model of consumer’s choice between organvs conventional food

We use an optimal control model in which the consuperforms an arbitrage for the rest of
his life between an organic food that he considsrsafe for himself and for the environment
and a conventional food which is detrimental fos hfe expectancy and also affects the
environment during its production. Apart from theegtion of their respective environmental
and health effects, these organic and conventiooals are supposed to be perfect substitutes
since they are exactly the same type of food éegpecific variety of apples). We assume that
the consumer has full confiderfda the designation "organic food", particularlythe ability

of this product not to contain harmful chemicalsr Bimplicity, we assume a two stages
decision process as in Strotz (1957). At a firagst the consumer considers the budgeting of
his income for a specific food (ex. apples). Thas budget allotment is optimally divided up
between the organic food and the conventional food.

Concerning the perceived effect of conventionaldfamn consumer health, the quantity
consumed of this food (with a pripeconsidered as the reference prges 1) directly impacts
the life expectancy of the consumer through thiewahg process: first, the consumer believes

that the stock of chemical residues in his bodyaases with the consumption of conventional

& It should be noted that when purchasing or consgntime consumer is not able to test the true tyfjpfead

(organic or not), unlike an experience good oraaaegood: this true characteristic of food is ¢tylly part of the
problem of a credence attribute characterized bysgmmetry of information between consumers andywrers
(Goddard et al., 2012).



food over time, and, for mathematical simplicityg wan assume that the consumer considers
that this stock of toxic residues increases linealbng with the consumption of conventional
food®. N=az(1) with a >0whereN(t) denotes the stock of toxic residues in the consisme
body at time t and(t) is the quantity of the conventional food consuni¢@) is equal to the
initial stock of residues in the body at the demsiime and corresponds to the “burden of the
past”: if N(0) = 0, this means that the consumer considers haéas been exposed so far to
this type of chemicals. Then, the consumer thihigs his life expectancy decreases with the
stock of toxic residues in his body. Therefore,dkpected date of deaff)(is perceived by the
consumer as a decreasing function of the finaksbbtoxic residuesNy) 1% T=d(N,), ®'<0

. As a result, the stock level of toxic residuethi@ body is a decreasing function of the date of
deathN, =¢(T) ¢'<Owithg =®*. For simplicity,we can presume again that the consumer
considers a linear relation between terminal tinffle and the stock of toxic

residueT =T

Max

- BN(T)whereTmax is his maximum life expectancy, correspondinghe t
case of no consumption of conventional foadduring his life time. In this case,
N(T):(TMaX—T/,B)and ¢ is also constant. Concerning the environmentallityuéevel
associated to the conventional food relative toditganic food, our model considers that this

level directly affects the utility of the consumdherefore, we can use the following utility
functiont’: u(x, 2) = (x+ 6 2" with0<y<1, > 0. x corresponds to the consumed quantity of the
organic food ang measures the effect of the consumption of thisl kihfood (e.g. apples),
whether organic or conventional, on utilitymeasures the perceived level of environmental

quality associated with the conventional food retatto the organic food: it therefore

° Moreover, we can expect that this simple relatiqmss made by the lay consumer rather than a imea
relationship that is more complex.

0jf N = Ny then the consumer will die at dafe

11 1n this case, we thus assume a MRS that is constamtequal tod. This is a simple way to introduce
environmental quality in the utility function. Fardiscussion of more general forms, see in pagiddanemann's
article (1984).



synthesizes the effects on utility associated whle supposed adverse environmental
characteristics of conventional agriculture. Lodjica? should be positive (sinceis a good)
and less than 1: the more the consumer fears deleteenvironmental effects associated with
conventional agriculture, the mofewill tend to 0. Conversely, # tends to 1, the perceived
environmental impact of conventional agriculture flois food is as not very different from
those associated with organic foods. WHesquals 1, the conventional food and the organic

food are perfectly substitutable in utifify All the parametersd, s, ¢, 6) are eminently

subjective: their respective levels reflect the stoner's fears towards risks associated with
conventional food in terms of health and environimen
Then, the consumer problem is to choose a consampiath for the organic food which

maximizes his utility over his lifespan. The congui®m program is written as follows:

T

(1) MaxU:ju(>(t)+ez(p)y e* d
X020 g
(2) stz=y- p x with p, =1
(3) N =azt) with a>0
4) T=®(N;), »'<0 = N;=¢(T) ¢'<0 with g=0"
(5) N(0)=0

y is the income devoted to the consumption of thrggaic or conventional) food at stake.
Moreover, we can expect that>1since the conventional foodis assumed to provide a
welfare systematically lower than those providedh®yorganic food, because of its toxicity

and because of the supposed absence of sensont. deéplacingz by its expression as a

function ofx in equation (1) and specifying the shape&,olve obtain:

(6) MaxU =}(x(l— no)+o0y) e d

x(t) 0

12.0On the other hand, if also takes into account other characteristics asabrganoleptic and visual quality, the
overall quality measured lycould possibly be more than 1, when sensory defesgociated with organic foods
are so strong that they could challenge the hibyabetween organic food and conventional food. Blsjgect is
discussed for instance by Bazoche et al. (201240

10



stN=azt)=a(y- X).p).a>0
N, =¢(T), ¢'<0 with g =™

N©0)=0; x(t)0[0;y/ ]

Characterizing the WTP a price premium for consuming organic food exclusively and the

WTP a price premium for introducing organic food (for the remaining life)

From this model, we can now determine the explagpdtrtors of the two typical WTP i.e.
WTRyg.=100% and WTRyg> 0% In this sense, we calculate the two thresholdgHe relative
pricespx of the organic good which will condition the contmeént or not in a long-lasting
consumption of the organic food. For each of theseprices, the relative price premium (%)
associated with the purchase of the organic food then simply defined by
m=100% (p, — p,)/ p,= 100x (p,— 1. One can expect two levels of relative pricegtierorganic
foodx, namely a low pricepk) and a high pricexH) such that abovex, the consumer always
consumes the conventional food and befawhe only consumes the organic food throughout

his life respectively, that is: fx < p x. thendt, x(t) = y/ p, and ifpx > p x+ thenit, x(t) = 0.

From Appendix A, we can prove that the low priceegiholdpx. is thus defined as:

_l-aye”™ ()

(7) P 7

The maximum price premium that the consumer isinglito pay to consume exclusively

organic produce throughout remaining life is then:

org.

- _meax 1
(8) WTR :100%(%)=1OOX{1 aye 5 /(1’¢ ) - ];I

11



Similarly, from Appendix A, we can also calculake thigh price thresholpk+, above which
the consumer will consume only the conventionatiftooughout his remaining life:

1

1
9 g ==X
®) P =8 1= ay i(yay-9")

From this high price threshdftl we can deduce the WTP a price premium for intcouy

organic product in foods for the rest of the Igach as if the organic premium on the market is

higher thanWTR, .., then the consumer will never consume organic faud the end of his
life:
(10) WTPR,__,, =100x 1, 1 -1

e 6 1-ayl(ylay-¢)

We can now analyze the variations \WMTR,; _,,.,and WTR

agsonaccording to the perceived

health risk and environmental quality connectedlite conventional food and according to

the consumer characteristics (cf. Appendix B fdaile concerning derivatives).

Table 1: Effects of consumer’s characteristics and perckigks concerning conventional

food oNWTPorg = 1009 aNdWTPorg > 0%

Characteristics y Tmax p o 0 6 Y
Effect onWTPorg =100% + - - + + - -
Effect OnWTPorg > 0% + 0 0 + + - -

We can observe that an increase of all the conssirigars concerning the conventional food
will higher the WTP for an exclusive consumptioroaganic food and the WTP for introducing

organic food for the remaining life. These fears came from an upward revaluation in

B pexists only if y(ay-¢") > ay), that is always checked wher1.

12



perceived toxic residues in conventional food &for in the perceived rate at which the stock
of toxic residues decreases life expectancyfg¢fand a downward revaluation of the perceived

environmental quality of the conventional agricudt(cf. /). BesidesWTR, _,,,,andWTR

org>0%
will be also promoted by an increase in the ovepaitiget for this kind of food (cfy).
Conversely, a short-sightedness about futurepjand / or an increase in life expectancy will

reduce thenv TR, bUt NOtWTR

2g-00 Which is invariant with respect fimax andp. Besides, a
greater preference (cf) for the kind of food at stake (e.g. apples), valso reduce the

WTR,o@nd WTR

-0+ this result would be quite surprising, but it meahat when a
consumer is very attracted to a specific food,d@ss less concerned about its environmental
and helth quality and the other way round for mandinary foods. This result could explain
why some ordinary foods such as eggs, milk, fretitcs seem more concerned with the organic
certification while some luxury foods or drinks Buas great wines, Champaign, caviar etc.
seems less concerned by this issue. This resutl etao explain why, for instance, in the field
of (French) wine productions, it can be observed for mid-range market wines there is an
important communication from organic producers.(eig an organic logo on the labelhile
great wines (e.g. great wines of Bordeaux) produudemot communicate on this characteristic
although most of these great wines are organitthsiorganic characteristic doesn’t matter a
lot for them. This attitude which may seem irratibsan be explained by our model: the
consumers’ preferences for these products are gl that they outweigh largely their
environmental and sanitary characteristics.

Therefore, it is interesting to note that a chamgentangible characteristics such as the

perception of toxic effects associated with conieral food (i.e.x and¢') or some invisible

characteristics specific to consumers (I, p, y) can induce a complete disappearance of the

13



demand for the conventional food meanwhile theitdagharacteristics (i.gxandy) remain

unchanged.

A possible explanation for the empirical results cocerning the WTP for organic foods

From our analytical results, we have observedttiege two typical WTP a price premium for
organic foods are obviously different since theynid share the same explicative variables
exactly (cf. presence or not ®hax andp) and they don't display the same functional form.

Several numeric simulations show thafTR, _and WTR can differ dramatically,

org>0%
according to the values of the parameters at skakeinstance, iff = 10 $,Tmax= 60 yearsp

= 5%, ¢/= -0.05, @ = 1.25.1¢, y = 0.75, § = 0.8, then WTR, 0, =27.1% and

WTPR

g0 — 10.5%. These results can partly explain the observedrbgéneity concerning
empirical measures of WTP for similar foods whemekie consumer’s interpretation of WTP

(i-e WTB 000, WTR

g0 0 €very WTP between these two boundaries) arecootrolled
during the survey. In fact, for the same foodwbtidentical respondents (in terms of age,

income, tastes etc.) interpret the asked WTP\&A B, _ ,,,,and aWTR,

g0 F€spectively, then
they will provide two very different WTP despiteeth common observed characteristics.
Consequently, we can connect this result with thesjon of the absence of unambiguous
effects of socioeconomic factors in the empiricadlgsis of the WTP a price premium for
organic foods. Moreover, even if we assume thatledl surveyed consumers think in an

unambiguous way concerning the nature of the a8ke€R (e.g. all of them think in terms of

WTR 200%), We can nevertheless deduce from our analytieallts that most of usual

socioeconomic variables may act in a complex wayhis 1 WTP, partly due to correlation

between them. First of all, we can observe thaigher age (via a decrease of the remaining

14



life expectancdf) and an higher income will act unambiguously aaositpely ONWTR, 1000

if they are considered separately. However, it lsugible that age and income are also
correlated but not in a monotonic way (e.g. incditet may increase with age and then may
decrease with age in connection with retirementngequently, from an econometric model
that tries to explain the WTP an organic price puem results can be different from a survey
to another, depending on how these two importanibies are introduced in the model.
Besides, while it could be expected that highecatan level would act on the WTP positively,
many empirical results don’t confirm such an obgistatement. Our analytical results can give
pieces of explanations about this paradox. Indaedyigher education level should logically
increase the negative perception of conventioral fo terms of health risks and environmental

hazards (i.e. an increase@bBnd ¢, a decrease @) and then, according to our model, it will

result in an increase ONTR, .- At the same time, a higher education level gélyera

generates a higher level of income and theref@egrding to our model, a riseWATR, _; o,

too. On the other hand, a higher education levebrsnected on average with a higher life

expectancy, which, according to our model, actsatiegly on WTR, . Therefore, the

overall effect of educational level may be ambinaldepending on the context of the study.
Consequently, we can deduce that the observed @sd#rconvincing and / or consensual
effects of various socio-economic characteristiosVdTP is not necessarily the result of
inaccurate measurements in empirical studies comgethe WTP, socioeconomics variables
nor inaccuracies in protocols, but can be an inttessult of the problem of consumer’s attitude

towards organic foods. This observation suggesits itmthis type of survey, there is a need for

14 Remember thal is a life expectancy at tinte= 0, i.e. at the moment of the decision. It doeisaorrespond to
life expectancy at birth but life expectancy fostance at adulthood. In this case, this means fibrag twenty-

years old consumetmax= 50 years corresponds to a life expectancy #i bir70 years.

15



additional variables concerning subjective constsnarception and attitude towards health
and environmental risks associated with conventidoads as well as variables on the

perception of his own life expectancy.

What is the optimal consumption path for the organt foods?

The consumption path of the organic food over tdapends on the level of its market prime

z. We already know that it <WTR, _ oo (resp. 7>WTR, ., ), then the consumer will

org

consume the organic food (resp. conventional fadlusively during his remaining life.
Otherwise the consumption path for the organic faddnot be uniformly null nor uniformly
equal to the maximum quantity (iye/ p) over time. In the presence of a combination betwe
the conventional foodz| and the organic fooc), quantitiesx(t) andz(t) correspond to optimal
interior solutions of the optimal control probleRrom Appendix C we can see that there is no
simple analytical solution to describe this path cohsumption. Only various numerical
simulations can be considered (cf. infra). Howewsfore displaying these simulations, an
important analytical result can be considered Agfpendix C for details): we can show that,

for this intermediate configuration, the organiodo(resp. conventional food) consumption
should necessarily increase (resp. decrease)iov@rthus, foWWTR, 5, < 77< WTR,. o, the
optimal way for the consumer is to start by consygnthe conventional food exclusively (for a

more or less long period) and then he should rethare or less gradually his consumption of

conventional food in favour of organic food, buveethe reverse.

Another important result is that, for the same comsr, the organic price premiwmcan be a
barrier to the consumption of the organic foodhat beginning (i.e. @ = 0) and then this
unchangedr will be less and less such an barrier as the enesages and shortens his life

expectancy by the consumption of conventional foduerefore, the organic price premium

should be regarded as a relative and temporaryebaaven if all other parameters (e.g.

16



purchasing power or consumer tastes) remain unelinginally, we propose various

numerical simulations with the previous valuestha different parameters displayed upstream
i.e.y = 10; Tmax = 60;N(0) = 0; p = 5%; ¢= -0.05;y = 0.75; ¢ =1.25 1C% 6 = 0.8 and the
resulting values for the extreme WTP METR, .00, = 27.1% andWTR, ., = 70.5%. Then,

for various market premiums for the organic fode tespective simulated consumption paths

are displayed in figure 1.

Figure 1. Consumption path of the conventional foodassociated with various relative

prices (p)
y =108, px= 1.1$, premium = 10 % , life expect. = 60, N att=0 = 0, theta = 0.8, alpha = 0.00125, phi = -0.05
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y = 108$, px= 1.4%, premium = 40 % , life expect. = 60, N att=0 = 0, theta = 0.8, alpha = 0.00125, phi = -0.05
T T T T T

7 -

Consumption of x (Organic food)

0 10 20 30 40 50 60
Time t

1.b

y =10$, px= 1.8%, premium = 80 % , life expect. = 60, N att=0 = 0, theta = 0.8, alpha = 0.00125, phi = -0.05
1 T T T T T T T T T

0.8 -

0.6 B
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1.c

As predicted by the model, when the market prenisitess tha/TR, _, o, (herez = 10%,

cf. figure 1.a) the consumption over time will centrate on the organic food; in this situation
life expectancy (at time= 0) is maximumT = Tma= 60 years).

If the organic price premiumrincreases and is betwe®lB, ;. andWTR, .o, , (herez =

40%, cf. figure 1.b), the consumer will begin i tsarly next years (up 81 years) with the

conventional food exclusively; then he will quickdgncentrate his consumption on the organic
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food that will become exclusive on the last nexdrgeof his life knowing that his life expectancy
will be 8 years shortef(=~ 52 years).
When the organic premium increases again (lere80 %), cf. figure 1.c), the consumer will

consumes only the conventional food which will léad lower life expectancyl 48 year¥).

Conclusion

This article aimed to provide analytical answergh® problems raised by empirical studies
concerning the measure and the explanation of th& W price premium for organic foods.
After pointing out that for the same consumer themo only one but several WTP an organic
premium, depending on the part and duration theatctinsumer grants to the consumption of
organic foods, we have developed an optimal comtrotiel for a consumer for whom the
consumption of organic food is justified by two mé&ears (more or less strongly correlated):
risks for the environment and risks for his ownltieaver the long term (these two dimensions
being more or less correlated). This model anailticexplains the determinants of two
extreme WTP: the WTP a price premium to consume amganic food throughout his
remaining life and the WTP a price premium to shatrtoducing the organic food during his
remaining life. Our results indicate that these ZRAo not respond in an identical way to the
various variables underlying the choice of orgdnmds and conventional foods, which may
explain the heterogeneity of the empirical reswltgen it is not known exactly what WTP is
measured. Moreover, our analytical results makessible to clarify that the socio-economic
variables (age, income, etc.) usually introduced aconometric models to explain WTP an
organic price premium are likely to act in a codictory way on the level of WTP: this would
explain why there is no consensus between the waempirical studies on the role of these

variables. We also show that, except when the coaswants to consume only organic foods

151n this caseT can be determined exactly in an analytical maicfeAppendix D).
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or only conventional foods throughout his remairifey the optimal path of consumption is to
increase his consumption of organic foods, as e &y, but never the reverse. Moreover, the
interest of this model is to show that concernimg ¢hoice between a conventional food and
an organic food, the present consumption and thaduconsumption are not a simple
extrapolation of the past. Indeed, due to the gahdccumulation of toxic residues in the body,
a consumer purchasing only conventional food is #arly life" has little chande fineto do

so throughout his remaining life and he is likelyltecome, more or less progressively, an
organic food consumer. This result is importantose it means that, all things being equal (in
particular concerning income and level of educgtian ageing population will tend to increase
its consumption of organic food.

In the model proposed in this article, subjectivasumer fears concerning the health effects

of conventional foods are modeled in a simple amo-random way ((cfN =az(f) et ¢ is

constant): apart from greater simplicity and redldgjwe think that the average consumer has
in mind this kind of simple and linear relationshiplowever, it would be interesting to consider
more general flexible relationships (e.g. the us®eibull functions), in particular with the
perceived existence of a safety threshold abovelwthie consumption of the conventional food
does not increastthe stock of harmful residues in the body. Sinhlat would also be relevant
to introduce, in a more elaborate model, improvamech as a natural process for the
elimination of toxic residues in the body or to smler the negative health effect not only in
terms of reduction of the life expectancy but aitsterms of quality of life through the explicit
occurrence of a disease during the remaining fifieally, as pointed out by Ay et al. (2017),

from a survey on residents of a French wine pradocategion, organic premium for wine

16 Formally, the introduction of a threshold effeatngrates analytical complexification due to the -non
differentiability of the function at the threshopmbint. The use of a Weibull function (whose curvatand
amplitude are controlled by two parameters) allgwimore or less pronounced S-shaped curves carfdheise
an interesting alternative.
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decreases with the distance between the parti¢gphoine and a vineyard, meaning possibly
that the motivation for organic production is link® improving their immediate environment

and therefore to protecting their own health. Timding could signify that for some consumers
leaving near agricultural production areas, ther@ perceived link between the environmental

quality of the food (viad) and their own health (via expected [ifen our model). This aspect

could be also introduced in a future model focusinghese types of consumers.
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Appendix A: Determination of the price thresholds

The current value Hamiltonian connected with outrogl control problem is:
(11) H =(x()@A- p&)+8Y) + AN =( X 9.(1- &)+ Y +A(d.a( v X). p)
where the coefficient is the current value multiplier associated withdB8d can be interpreted

as the implicit price of toxic residueN)(present in the conventional foadFor this problem

and with the Hamiltonian defined by equation (i maximum principle conditions are:

(12) N=azt)=a(y-Xd.g), N(0)=0
(13) oH /ON(t) = pA(t) — A
(14) [H-A)¢T- =0

Equation (14) corresponds to the terminal condiassociated with a terminal curve sirice

and N are here linked via equation (4) (Chiang, 2000)oré&dver, we know that:
oH /ON(1) :0((x(1— n&)+60y) +A(Ya( y- X9 p))/a N )= 0, sinceN doesn’t enter the
utility function directly. Then equation (13) gives

(15) OH /ON(t) = pA(D) = A(t) =0= pA(t) = A(t)

Furthermore, sinc&(t) D[O; y/ g] meaning possible corner solutions, the conditidriéubin-

Tucker are used, namelyxft) is an interior solution thedH /0x =0 else:x(t) = 0 orx(t) = y/px

Determination of the low price threshold px.
Formally, the optimal consumption path of the orgdood x is linked to the values taken by

the multiplier A(t) over time (cf. equation 11). Logically this imptiprice A of N is expected

to be negative and, more and more negative witl¢hamulation oN in the consumer's body.
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In a first step, we determine the conditionsiéi) when [It, x(t) = y/ p due to the fact that the

price px is sufficiently low so that the organic food is samed exclusively. In this situation,
the life expectancy is maximunT (= Tmay Since the consumer is not intoxicated by any
conventional food. Thus, at any tinhethe functionH reaches its maximum at the higher
boundary X(t) = y/p,). Thent,0H /0x = 0.

Reminding that: H = (x()(1-6.p,)+8y)" +A(Ya(y/ p— X ) p)(cf. equation 11), it
follows that:

(16) OH /9x = y(1-0p)(X(DA-6.p)+0Y  -A(Ya.p= 0

As x(t)=y/px then:

(17) y@-6p)(y/p) " -A(Ya.p 20
Then: (18) AW < pt-0p)(y/ p) " /(ap)
With: y>0,a>0,1>8>0and p> 1€ p

In a second step, starting from equation (13) Aeddérminal condition (14), we can determine
the expression of(t). Indeed, we know via equation (13) that dA/ dt= pA(t). Since it is a

homogeneous first-order ordinary differential equatits solution is:
(19) A(t) =ke”, wherekis a parameter to be determined.

The value ok is obtained via the terminal condition (14 —A¢7,.; =0
Knowing that x(T)=y/p« and T=Tmax We obtain{y/ p,)" =A(T)@'(Te) =0. Then:
(y/ p,) = k&™@'(T..) =0 and finally

(20) k=(y/ B) /(€™ ¢ '(Ta))
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If a linear relationshil is assumed betwedhandT, then @'(t)is constant. Consequently:

(21) k=(y/ p) (¢

Moreover, as@'<0 then k <0. Hence[lt, A(t) < Obecausel(t) = ke” (cf. equation 19) and
k<0, andi'(t) <0. Hence:

(22) A =(y/p) e ™1g’

It can be noticed thad is a decreasing function with respect to timed snmore and more
negative.

In a third step, we can now determine the low ptizesholdpx.. If at timet = 0, x(0) = y/ix
andz(0) = Oare the optimal solution for the pripe(0), then it can be shown that for every
time t > 0 and for this same pripe(0), x(t) =y / pc andz(t) = 0, will be also the optimal
solution becausg(t) is negative and decreasing for every value of t.

Indeed, consider that at tinhe= 0, p.x(0) is the low threshold price, that is:fAf(0) = p,, (0)
thenx(0)= y/pc andz(0) = Oare the optimal solution. Then:

(23) 9H/ax(0)= 0=y (1-8.p, (0O)\y/p. (0)" =4 (O} p. (Op C

Now, adlt,A(t) <0 and A(t) is more and more negative, hence:

(24) Ot, y(A-6-p, (0¥ /P (0) = A (V)ar .p, (0P €
It follows that forpx = px(0), if x(t) = y/px andz(t) = 0 then dH /dx(t) >0. It means that
x(t) = y/ p,(0) andz(t) = O, are also the optimal solution at tim€onsequently, the organic

price px. below which the consumption of the conventionaldfa will be all the time equal to

zero (and the consumption of the organic food ba&lalways maximum) corresponds to the

171t is not absurd to assume that ordinary conswmesiders a simple linear relationship rather thray other
more complex relationship.
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organic price thresholg,, (0) canceling the consumption nétt = 0 since every organic price
thresholdp,, (t) for t > O will be necessarily higher than the prigg(0) . We can now calculate

this organic pricgx.. Reminding that:

AW < y@-0p)(yl/ p)  Hap). Aty =ke =(y/ p) €™V /g’
Then: (y/p) €™ 1¢'<ya-6p)(y p)" /(a p)
(25) p < (1-aye? ™ /()16

Remembering thaix. is defined in reference to= 0, then:

(26) Py = P (0)=(1-a ye™ /()16

Reminding thatx> 0,y >0,y >0, 1 >0> 0 and¢' < 0, thenp,. > 1 (= py)

Determination of the high price thresholds px+

Intuitively, there would be a price threshqigh such that ifpx > pxn, then Ot , x(t) = 0 andz(t)
=y. The price of the organic food is so high tthet consumer can only consume the (risky)

conventional food throughout his life. For any tinteA(t) must be defined in such a way that
the HamiltoniarH (t) takes a value corresponding to the situation wltleee maximum is

reached on the lower bound of the range of vanatiok i.e.x(t) = 0.This implies that terminal

time T is equal tdlmin (the value offmin will be determined downstream) antoH /dx<0
Remind that =(x()1-6.p)+8y)" +A()a(y- X9 ) (cf. equation 11), and
OH /ax= y(1-0p)(X()A-8.p)+8Y) " -A(Ya.p< 0 (cf. equation 16).

As x(t) = 0, then:0H /ax< 0 = y(1-8p,)(8y) " -A(Y)a.p < O

(27) A®) 2 /(1-6p)(8y)" (a p,)
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The expression of(t) can then be determined from the equation (13)feord the terminal

condition (14). AsA(t) =ke” and[H =A¢T,.; =0, x(Tmin) = 0 andz(Tmin) =y
(28) (ey)y+/1(Tmin)a' y_A(Tmin)¢':0

By replacingA (Tmin)with ke™ | we obtain:

(29) (8y)" +ke™a y- k€™¢'=0

Then,

(30) k=-(8y) €™ I(ay-¢)

And

5 A(t)=ke" ==(8y)" "™ 1(a y-¢')

Remembering thap' < 0, we can observe once again th&tO. It follows thatA(t) is negative

and always decreasing again.

We can now determine the high price threslpaldWe can show that, if at time Fin, X(Tmin)

= 0 andz(Tmin) = y are the optimal solution for a given pri@a(Tmin), then it can be shown that
for every timet < Tmin and for this same priga&x(Tmin), X(t) = 0 andz(t) =y, will be also the
optimal solution for becaus#t) is negative and decreasing with respedt todeed, consider
that at timet = Tmin, px+(Tmin) is the high price threshold, that ispif(T.;,) = R (T4, then

X(Tmin) = 0 andz(Tmin) = y are the optimal solution. Then:

(32) OH /9X(T,;,) 0= y (1= 8.4 (T R Y = A (i) - B (Fin)S O

As[lt,A(t) <0 and A(t) is more and more negative with respedt teence:

(33) Dt <Tmin' y(l_ g'pr (Tmin)/ pz)( y)y_l _/1 (t)'a RH (-’;in )< 0
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It follows that forpx = pxH( T, ), If X(t) = 0thendH /9x(t) < 0. It means thai(t) =0 andz(t)

=y, are also the optimal solution at titn€onsequently, the organic priges beyond which
the consumption of the organic food x will be &k ttime equal to zero (and the consumption

of the conventional food will be always maximumjresponds to the organic price threshold
P (T.;,) canceling the consumption vftt = Tmin

We can now calculate this organic prme. Reminding that:

At) = p(1-6p,)(0y) " I(ap,) andA(t) =ke” =-(8Y)" €”™/(a y-¢')

Then:

(34) —(8y) "™V [(ay-¢")2y1-0p)(60Y) " I(a )

Thus, in order to obtaindt,x(t)=0, it is sufficient that the relation (27)
At) = y(1-6p,)(8y) " I{a p,) is verified at time = Tminto be verified for al O[0; T,,;,].
Thus: —(8y)’ e?™ ™ /(ay-¢")2 y(1-0)(8 y) " /(a p)reduces to:

~(0y) I(ay-4")z y1-6p)(6y) " I(a p)

p(1-ay/(yay-¢))=1/8

then p >1>< L
8 l-ayl(yay-¢")

) if ylay-¢')>ay

And finally, the high price threshold is:

1 1
(35) P = 5% ~n fylay-¢')>ay
"0 1-ayl(yay-9¢") ( )
If y(ay—¢')<aythenpxs—1x ! . The direction of this inequality is

6 1-ayl(ylay-¢))
contradictory to the very notion pk+, reminding thapxx was defined as follows: gx > pxH,
then [t , x(t) = 0 andz(t) = y i.e. the price of the organic food is so hilgat the consumer can

only consume the conventional food z throughoutiféisConsequently, the existence of a high

30



price thresholdpw for the organic food above which the consumer wdhsume only

conventional food throughout his life, exists onlgen. y(ay-¢')>ay
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Appendix B: Partial derivatives of the price thresholds and otheir associated WTP a
price premium for organic foods

Reminding thate >0, y> 0, O<y< 1,¢ < (, we obtain fopxx and for WTPorg=100%

(36) Op, /0 =——L Pt >0 and OWTR, 00/ 0 >0
ovp

(37) . 109"= 0 (¢y) ¥ >0 anddWTR, o0,/ 04" >0
(38) 0p, 1060=—(1-aye”™ /(y"))/6° <0 andOWTR, 4,/ <0
(39) op, /0y=-ae”™[(yp')/6>0 andOWTR, _;405,/ 9 y> 0
(40) Op, 10T yax = gf; &M < Q anDWTR, o056/ 0 Tyax <O
(41) op,, /9p = ag v Max g ATvax < () andWTR, 1500,/ 00 <0
(42) op,, /9y = # &/ <0 anddWTR, _;o00,/ 3y <O

Concerningoxs andWTPorg>0% We obtain for:

ya _y
_ A2 A
43) op,,, Joa =-YYA=P) y(ya=9) . andoOWTPR . /da >0
xH ( ya )2 org>0%
y(ya—-¢°)
(44) ap,,, 109" = - e omgy and OWTR, ., /09" >0
1- YT y(ya-
y(ya )
(45) dp,,, 196 = —1/492(1— Wj <0 and OWTR, ., /06 <0
ya° o«
(46) ap,,, jay= - YYa=8)" y(ya=¢) ., anddOWTR, _q,,/dy>0

e
y(ya-¢")



(47) dp,,, 10T =0

(48) dp,,, /190 =0

(49)ap,, /oy = -

ya

y2e(1-

ya
y(ya —¢

.))Z(ya-¢ )

<0

andoWTP

andoWTP

an®@WTP,

org>0%

org>0%

org>0%

/0T=0

/10p=0

/oy<0
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Appendix C:

In the presence of a combination betweesind x, quantityx(t) corresponds to an optimal

interior solution obtained from the condition:
OH /9x=0 i.e.0H /ax=y(1-8p)( xH(1-8.p)+8Y - A(Ya.p=0

Hence:

1
(50) (0 =[O p. 10110 ~6] -0 )
From the terminal condition (14)H —A¢",.; =0, we know that:

Aty =kxe=-(0y+(1-6p) X)) & /(a( y «T p-¢)
Then A is negative again and it is a decreasing funcitth respect to time t.
We obtain:
1
-ap, (Oy+(1-6p)XT)" € |

(va-6p)(aly-xT p)-2))
(1-6p,)

- gy
(51) x(t) =

It follows thatx(t) increases with time. Thus, fpy, < p, < p,,, the consumer will start by

consuming a certain quantity of conventional foad ghen he will reduce his consumption of
conventional food in favour of organic food, butvee the reverse. We observe that the
consumptionx at timet depends particularly on the terminal tifie This terminal timeT
depends on the toxic residue std¢knd this stock depends on the path consumptiar{arid
Z) over time. Therefore, because of this circuldatrenship betweenx(t) andT, there is no

simple analytical solution, particularly concernthg switching timéswhenz(t) becomes null.
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Appendix D: Life expectancy associated with the only conventiah food consumption
throughout life

Remind thalimaxis the maximum life expectancy when no conventitwad is consumed, and
N(t) = a (1) (cf. equation 3). If, for simplicitywe presume that the consumer considers a linear

relationship between terminal time T and the stidoxic residue, then:

(52) T:cD(NT):TMax_ﬁN(T):K/Iax-F N-D/¢I
N(T) T

(53) dN=aZ{ dt= j dN:aj gY d
N(0) 0

Since consumer eats only conventional food throughs life i.e[It,z(t) = y/ p = Cstg, it

follows that:
N(T) T

(54) [ dN=ay/ p[d=[N) =ay plE=(a ¥ B -
N(0) 0

Then: N(T) = NQO)+(ay/ p) T

By using equation (52), we obtaifi:=T,,,, +[ N(O)+(a'y/ p) T|/¢"

Then:

(55) Tuin = (Tuax * N(0)/¢7) (1~ y/(pg ), since it is the worst situation in

terms of life expectancy.
Then:

(56) T = (T + N)/9) /(1 y/( g )
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