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ABSTRACT ARTICLE HISTORY
Overall, chicken consumption has increased substantially in recent Received 11 September 2023
decades due to farming and processing intensification as well as Accepted 29 May 2024
the consumer perception of its benefits. Although organic chicken
is perceived to taste better, support higher animal welfare and =~ KEYWORDS
have benefits for the environment, it is unclear to what extent Hedonic pricing method;
the organic attribute in chicken carries a premium in the eyes of mstrurnental.var!ables,

" . i X organic food; chicken meat
consumers. The purpose of this paper is to estimate this robustly.
This is done by estimating a hedonic pricing model using a com- JEL CLASSIFICATION
prehensive dataset. The model’s endogeneity is corrected using C21; C26; D4; Q18; Q51
consumer characteristics as instruments. When making this correc-
tion, the value of the organic attribute is two to five times larger
than without it (depending on the estimation method used). This
leads to an average premium in relation to conventional chicken
of 135% for the organic attribute in chicken.

1. Introduction

There has been a significant increase in the breeding and consumption of chickens
globally. According to the Organisation for Economic Co-operation and Development
(OECD 2017), global consumption of chicken has grown by 134% since 1990. Chicken
appears to be the most consumed meat in the world at this point, and this also
applies to the UK. While consumption of beef, lamb and pork per capita in the UK has
decreased over the last 40years, the consumption of chicken has steadily increased
(as Figure A1 in the Appendix shows). The rise in chicken consumption has driven sig-
nificant attention among consumers, producers and suppliers and has also been
reflected widely in the media (BBC 2018; The Guardian, 2018; The Economist 2019,
The Grocer 2023, 2024).
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As in the case of conventional chicken, organic sales have also increased in the UK,
especially since COVID-19. Despite the economic crisis caused by the pandemic, the
UK organic market surpassed the £2.5bn sales mark in 2020, achieving more than 50%
growth (in value) in a decade.! The organic approach to food production is thought
to add better taste, more environmentally friendly production and better animal wel-
fare? to the perceived benefits of conventional chicken. In this respect, it could be
considered a more sustainable alternative in the eyes of consumers. This is important
because there is increasing interest in environmentally sustainable production world-
wide and in the UK. However, despite the apparent advantages, it is unclear how
much consumers in the UK are willing to pay for organic products.

This paper uses a large scanner dataset (Kantar Worldpanel) containing more than
300,000 chicken purchases from over 25,000 representative households in the UK. The
purchases were made across all regions, relevant supermarkets and shopping outlets
in the UK and present a comprehensive picture of UK consumer behaviour. The meth-
odology applied for data analysis employs a hedonic pricing model correcting for
endogeneity using household characteristics as instrumental variables. To the best of
our knowledge, all the studies related to chicken meat that are mentioned in the lit-
erature review below have not corrected for endogeneity. This correction is important
due to the well-known endogeneity problems inherent to the model derived from
various sources such as omitted variables bias, measurement errors, the simultaneity
of demand and supply functions and nonlinearities in the price function (Rosen 1974;
Follain and Jimenez 1985; Bishop and Timmins 2011). The key finding of the present
study is that when making this correction, the value of the organic attribute is two to
five times larger than without it, leading to an average premium in relation to conven-
tional chicken of 135% for the organic attribute.

The paper makes three main contributions to the literature, as follows. It makes an
empirical contribution by using a hedonic pricing method with instrumental variables
derived from household characteristics to obtain a more reliable willingness to pay
(WTP) estimate for organic chicken that is better suited to developing policy implica-
tions. It makes a theoretical contribution, adding the correction for endogeneity to the
literature on hedonic price analysis; this is usually ignored despite the well-known prob-
lems with the method. Finally, it makes a managerial contribution, offering an analysis
that holds significant relevance to various stakeholders in the chicken industry.

The estimation of an organic premium is essential for the production and marketing
decisions of existing and potential organic poultry farmers and for retail pricing. Our
results also offer insights into the premia heterogeneity when considering different
chicken parts, retailers and regions in the UK. The results could be used to support
and encourage organic chicken production for regions/products that have a
higher WTP.

Finally, the paper more broadly comprises analysis of the determinants of chicken
prices that integrate and address the potential shortcomings of other hedonic price
analyses in the same market or even across different potential markets. By this, the
paper makes a more comprehensive and critical contribution to the field as it under-
scores unique insights into the complexities of price determination in the poultry
industry.
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The paper is structured as follows: section 2 presents a summary of the relevant lit-
erature; section 3 describes the data and the method used; section 4 presents the
empirical results; and section 5 concludes with a discussion.

2. Previous work on organic premiums for meat

The following literature review aims to delineate clear trends in premiums paid for
organic meat observed in different studies, highlighting the discrepancies in findings
and discussing the identified shortcomings in the existing literature and the way the
present study will address these.

Table 1 below presents a non-exhaustive list of existing studies analysing the
organic premium for meat and meat products. It focuses on studies published after
2010 to maintain actuality and summarise the most up-to-date results notwithstanding
the importance of studies published before this time. Even though the premiums for
organic meat differ widely among countries, consumer segments, product types/cate-
gories and distribution channels, some common trends could be identified.

The first trend that can be derived from Table 1 is that the number of studies from
developed countries is much larger than the number of studies from developing coun-
tries. The latter, however, appears to be increasing over time, probably given increas-
ing data availability and research expertise. What the studies from developing
countries also reveal is that the organic premiums appear to be on average signifi-
cantly lower in developing countries than in developed ones (Sriwaranun et al. 2015;
Jaramillo Villanueva, Vargas Lopez, and Guerrero Rodriguez 2015; Sarma and Raha
2016). This might be expected given the lower purchasing power of people in devel-
oping countries. Even if interest in organic products has increased in these countries,
the ability of the consumers to cope with higher premiums derived from higher pro-
duction costs might be limited. More studies could have been added from developing
countries, but we limited the review to articles whose empirical data allowed for the
relevant use of established econometric tools.

A second trend evident from the list above is that there are significantly more stud-
ies using stated preferences (SP) than revealed preferences (RP) techniques. This is
also expected given that stated preference data is cheaper, easier to obtain and fully
under the control of the researcher and given that the number of SP studies is larger
than the number of RP studies in general. Only three studies on the list above use
revealed datasets and only two employ a similar methodology to the one in the pre-
sent study (Schulz, Schroeder, and White 2012; Staudigel and Trubnikov, 2022).
Gschwandtner (2018) uses both SP and RP data but with a lower number of observa-
tions than the present case. Therefore, only the two studies using a similar method
are directly comparable to the present one. However, these two studies do not control
for endogeneity, a common problem encountered in the hedonic pricing regression.

A third trend observable in the table above is that in general, except the studies
from developing countries, the WTP a premium for organic meat, appears to be
increasing over time. There are differences between the studies from different coun-
tries, but there seems to be an increasing trend in the WTP, which is in line with the
increasing interest in more ethical and sustainable food production in countries that
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can also afford to pay the higher price for it. For example, while the premium that
consumers in the US were willing to pay for organic chicken breast didn't appear to
exceed 15% in 2007 (Gifford and Bernard 2011), this seems to increase to over 70% by
2009 (Van Loo et al. 2011) and almost 200% by 2020 (Dennis 2020). Even if these stud-
ies do not always employ the same methodology or use the same dataset, they do
seem to suggest an increasing trend in the WTP of consumers for organic meat in the
developed world.*

A fourth trend that becomes obvious from the table above is that, even though
they are less numerous, the studies that used RP data usually have a much larger
number of observations than the ones using SP data. Except for Van Loo et al. (2011),
the average number of observations in SP data is around 200, whilst for RP the num-
ber is typically one or two digits larger. One reason for this is that whilst SP data usu-
ally reports the number of respondents surveyed and hence each observation is a
consumer/household, RP data typically reports the number of purchases, which are
more numerous per consumer/household. Another reason is probably because whilst
SP data is often collected individually by the researchers, RP data is mostly bought
from companies that collect these data systematically from supermarkets and individu-
als that register to regularly scan all their shopping. These firms then sell the data,
often at very high prices (e.g. AC Nielsen, Kantar Worldpanel and Dunnhumby). The
higher price of these RP datasets might be another reason why studies using them
are rather rare.

A general trend found in other studies is that the estimated premium using SP
data is larger than the premium using RP data (e.g. Li and Kallas 2021). The reason for
this is that consumers often overstate their WTP in a hypothetical situation and
revealed data is more accurate. Indeed, hypothetical bias is arguably the strongest
criticism of SP studies and the papers that compare SP with RP often find that SP esti-
mates are two to three times larger than RP estimates, although some find a some-
what lower SP/RP ratio (Murphy et al. 2005). Despite the fact that this trend cannot
necessarily confirm the list above, it is observable that only three of the SP studies
mentioned employ a treatment for hypothetical bias (Van Loo et al. 2011, 2014; Zanoli
et al. 2013).> This is a serious concern as Gschwandtner (2018) finds that consumers in
the UK state they are willing to pay a premium of 15% for organic products (including
meat) but in reality they pay just 9%. Gschwandtner and Burton (2020) also control for
hypothetical bias using three different treatments and show that hypothetical bias
treatment appears to be necessary, especially in the case of organic products and for
meat products where consumers feel good about overstating their true WTP. The
authors find that when using treatments for hypothetical bias, the estimated WTP for
the organic and other related attributes is significantly reduced. In their meta-analysis
regarding drivers of WTP for organic food, Katt and Meixner (2020) find that one of
the most prominently studied variables is “environmental concern”, which has been
found in most of the research to have a significant effect on the stated WTP for
organic food (Cicia, Del Giudice, and Ramunno 2009; Gifford and Bernard 2011;
Krystallis, Fotopoulos, and Zotos 2006; Sriwaranun et al. 2015). However, when analy-
sing the factors that actually drive consumption, studies reveal that more personal rea-
sons such as perceived better health and taste are the main determinants (Verhoef
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2005; Wier, Andersen, and Millock 2005; Wier et al. 2008; Aertsens et al. 2009;
Gschwandtner 2018). Therefore, there seems to be a gap between what people state
they would do in a hypothetical situation and how they behave in a real consumption
situation, and this gap appears to be especially large in the case of organic meat prod-
ucts where in addition to environmental concerns consumers state that they are con-
cerned with animal welfare (Bartels and Onwezen 2014; Carlsson, Frykblom, and
Lagerkvist 2007; Lagerkvist and Hess 2011). The fact that there are only three identi-
fied studies controlling for hypothetical bias when estimating the premium for organic
meat appears a significant shortcoming of the existing literature.

This paper contributes by estimating the WTP of UK consumers using an extensive
revealed preference dataset, which avoids hypothetical bias. It also uses the hedonic pricing
method corrected for endogeneity, something that to our knowledge none of the RP stud-
ies have done before. Making this correction is essential due to the well-known problems
derived from omitted variables bias, potential measurement errors, nonlinearity of the price
function and simultaneous estimation of supply and demand function in the hedonic pric-
ing model (Rosen 1974; Follain and Jimenez 1985; Bishop and Timmins 2011). Whilst the
main contribution of this paper is the estimation of the WTP for organic chicken and not
the correction for endogeneity, we believe this correction is essential for obtaining a more
robust estimate than has been previously obtained in the literature and this is important for
making relevant policy recommendations.

3. Data Description and method

This section describes the Kantar Worldpanel dataset, which is a comprehensive panel-
scanner dataset containing a significant number of available variables that are
expected to explain the price variation. We are working with data representative of
British purchases (Northern Ireland data are not collected) and use all the recorded
transactions for 2016.

3.1. Chicken purchase data

The sample contains 336,970 chicken purchases from 26,658 UK representative households
in 2016. The paper explores up to 40 variables containing product characteristics (chicken
part, price, volume, packing, labelling, etc.), store information (e.g. retailer name, location)
and socio-economic characteristics of the households to investigate the heterogeneity
across regions, education level, class, etc. Table 2 shows the descriptive statistics for some
socio-economic characteristics. For representativeness, these should be compared to those
of the usual chicken buyer, rather than the average characteristics of the UK population.

The average age of the household member responsible for the grocery shopping in
the sample is 49 years old, 78% of whom are female. Households have on average one
child and a gross income within category 4 (£30,000 to £39,999 per annum), above
the national average income in 2016 (£26,300).

Family structures amongst households are evenly distributed, but the highest proportion
of households (18.6%) are “empty-nest” — 45-65years old with no children in the
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Table 2. Sample socioeconomic description.

Variable Mean Sd Median Min Max
Age 49.250 13.680 48 18 95
Female 0.780 0.411 0 0 1
Income’ 4.210 1.960 5 1 8
Children 0.733 1.006 0 0 7
BMI 26.990 5.700 26 10 66
PreFamily 0.102 0.302 0 0 1
YoungFamily 0.175 0.380 0 0 1
MiddleFamily 0.123 0.328 0 0 1
OlderFamily 0.119 0.324 0 0 1
OlderDependents 0.153 0.360 0 0 1
EmptyNest 0.186 0.389 0 0 1
Retired 0.141 0.348 0 0 1
Scotland 0.075 0.263 0 0 1
Wales 0.046 0.210 0 0 1
North 0.256 0.437 0 0 1
Midlands 0.173 0.378 0 0 1
South 0.247 0.431 0 0 1
East 0.114 0.318 0 0 1
London 0.089 0.285 0 0 1

Source: Own elaboration based on Kantar Worldpanel data.
Notes: Sd =Standard deviation; income is measured in 8 categories of £10,000 each starting with £0-9,999 in cat-
egory 1 and ending with > =£70,000 in category 8.

household, and the smallest number (10.2%) are “pre-family” — below 45 years old with no
children.

The regional distribution of households is as follows: north (25.6%), south (24.7%),
Midlands (17.3%), east (11%), London (8.9%), Scotland (7.5%) and Wales (4.6%). Thus,
above half of the chicken sold in the country addresses the demand in the north and
south regions. Overall, these figures reflect the regional population distribution in the
UK, but they are not the same. However, we should not expect the socio-economic
distribution to match the national numbers precisely as the data only includes house-
holds from the panel that bought chicken at least once in 2016.

The dataset has entries from 35 different retailers across the country. Figure 1 shows the
distribution of chicken purchases by retailers in the UK. The sample indicates that approxi-
mately 23% of chicken purchases in 2016 were made from Tesco, the UK’s largest grocery
retailer. This is significantly larger than the second-ranked Aldi, which has 15% of the mar-
ket. The fact that Aldi ranks second and sells more broiler chicken than Asda, Sainsbury’s
and Morrisons might be surprising as these shops have substantially higher market shares
in the UK. However, Aldi is renowned for its value for money and especially for the good
taste of its meat.

The overall distribution in Figure 1 differs somewhat from the market shares of the
supermarkets for all regions and all products in 2016, which were respectively Tesco
(28.3%), Sainsbury’'s (16.8%), Asda (15.6%), Morrisons (10.9%), Aldi (6%), The
Cooperative (6%), Waitrose (5.3%), Lidl (4.4) and Iceland (2.3%) according to Kantar
Worldpanel (2018), which contains just entries of chicken purchases and reflects con-
sumers’ shopping preferences in relation to chicken where Aldi is a favourite. Figure 2
compares the consumption of conventional versus organic chicken by region.®

While the consumption of conventional chicken in general appears relatively similar
across regions, the largest amount of organic chicken by far is consumed in London.
The region that consumes the least organic chicken is Wales. The consumption of
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Chicken consumption by region

Tesco I 2.2
aldi [, 1492
asda | 1> 5>

sainsburys [ NG 11 36

Morrisons _ 10.78
Liat | o.75

Waitrose [l 2-32
Ms Il 182

Iceland - 1.75
Coop [ 145
Costco IO.53

Ocado IO.47
others | 7 53

Figure 1. Chicken purchases distribution by retailer (%).
Source: Own elaboration based on Kantar Worldpanel data.

Conventional chicken (Kg/HH) Organic chicken (g/HH)
Wales 14.4 Bo
South 13.9 I 57
Scotland 11.7 Hl 45
North 13.6 Hl 32
Midlands 13.8 I 41
London 15.5 I 189
East 14.7 I S

Figure 2. Chicken consumption by region.
Source: Own elaboration based on Kantar Worldpanel household (HH) data.

organic chicken in London is 21 times the consumption in Wales. This should not be
interpreted, however, as purely driven by consumer preferences or affordability, but
also by availability of supply, which would require further investigation.

More detailed information about the chicken purchase data and the organic
chicken market is given in the results section and the Appendix.

3.2. Estimation method

The hedonic price model (HPM) is one of the most popular revealed preference approaches to
environmental valuation. It is widely used to estimate the added value of housing attributes,
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e.g. environmental amenities, but has also been applied to the food industry, including dairy
produce and eggs (Kolodinsky 2008; Griffith and Nesheim 2010; Schollenberg 2012;
Gschwandtner 2018 and many others). The method is derived from consumer theory, based
on the assumption that a consumer’s need for a good or service is driven by the attributes
associated with it (e.g. Lancaster 1966; Garrod et al. 1999). The theoretical framework of the
hedonic method was proposed by Rosen (1974), who applied his model to a commodity with
many characteristics; this has been regularly applied since then due to its simple empirical
implementation.

However, while it is widely used, the method’s econometric issues are often ignored, not-
ably the simultaneity problems derived either from the supply and demand equilibrium or
marginal price and quantity of attributes. The latter is associated with the non-linear character-
istics of the price function, as illustrated by Follain and Jimenez (1985), Wooldridge (1996),
Bishop and Timmins (2011) and others. Endogeneity caused by omitted variables or potential
measurement errors is also ignored. If, for example, important variables that dampen the effect
of organic, such as availability, are omitted, or if the organic label is missing/unclear or meas-
ured in error, the effect of the organic attribute on price might be underestimated.

3.2.1. Hedonic price regression

The hedonic pricing model has been widely applied in environmental valuation appli-
cations due to its simplicity and clarity. The basic equation in Rosen’s (1974) model is
a price regression derived from the profit maximisation of producers and utility maxi-
misation of consumers. In this equation, price is a function of its attributes z.

However, consumer characteristics are usually not taken into consideration in the
main hedonic model. Consumers are also assumed to be price-takers and their charac-
teristics should not be able to change the price available to them in most cases. In
our case, the vector z contains product characteristics such as chicken part, organic
and retailer and includes dummies for special offer (y;) and region (5,). Therefore, the
household maximises utility by choosing a product with price p explained by:

In(pirsr) =040 + oY + o3m, + Bzis + €irst (M

where |, r, s, and t are, respectively, item, region, store and time and ¢ is the error term.
Thus, ¢ varies with time, y varies with the item and time, # with region, and z is specific to
each item and store. The vector of characteristics allows us to calculate utility by considering
all the information given, rather than looking at things one at a time.

The appropriate functional form for the hedonic method depends on the nature
of the data used in the study. The predominant form used in the literature is the log-
linear, but double-log is also used as it facilitates the interpretation of results
(Martinez-Garmendia 2010; Kim and Chung 2011). Given that all explanatory variables
are dichotomous, this study uses a semi-log function. The functional form will be
applied in an OLS setting in the first stage of the two-stage least squares (2SLS) and
in the generalised method of moments (GMM) estimations. The last two attempt to
address the endogeneity problems addressed above using socio-economic characteris-
tics as instruments. Wooldridge (1996) demonstrates that OLS and 2/3SLS are ineffi-
cient for hedonic models with measurement errors and omitted variables (one of the
main issues addressed in this paper), showing that HPM would not fall into any situa-
tions in which 3SLS is asymptotically efficient. Hence, he suggests that the generalised
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method of moments (GMM) should be used to estimate the parameters in the hedonic
price system as it is efficient and no more difficult to compute than 3SLS. Cameron
and Trivedi (2005) also demonstrate that GMM is more efficient than 2SLS/3SLS at
addressing the identified endogeneity and non-linear functions underlying the hedonic
price system. GMM also performs better when the model is over-identified and under
heteroskedasticity, a common problem in the revealed data, especially when estimat-
ing system equations (Arellano and Bond, 1991). Therefore, GMM estimation is the
main approach used here due to its ability to address both endogeneity and hetero-
skedasticity and it is the main source of the results discussion.
The extended version of the model in equation (1) using GMM can be expressed as:

InPye = exp (By + ByOrganic; + B,FreedomFood; + B;Offer; + B,Branded;
+BsBudgetLabel;; + PgHalal; + B,Healthy, + BgQuality; + > B;ChickenPart;;
+ > BSizews + > ByRetailerys + > B,Region;,,, + > B,Monthin: + €irst)
()

where, in addition to the variables previously described, “Organic” represents the
organic label, “FreedomFood” represents the label for freedom food, reflecting high
animal welfare, “Offer” denotes any type of promotion, and “Branded” and
“BudgetLabel” indicate external and own low-price labels respectively. “Quality” indi-
cates products advertised as having superior quality (e.g. Tesco Finest, Asda Extra
Special, etc.), “Halal” indicates halal chicken, and “Healthy” denotes the presence of a
health label. From the remaining five types of dummy variables included in the model,
“ChickenPart” indicates the part sold (or whole chicken), “Size” indicates the package
weight, “Retailer” the shop/supermarket (of 13 main companies), “Region” denotes the
UK region and “Month” represents the monthly dummies.

The exponential GMM format is widely used in applied work as an alternative to linear
regressions when the dependent variable uses log-transformed values. This avoids trans-
formations from the original format for predicted values (Baum, Schaffer, and Stillman
2003). The instrumental variable approach used here also helps with endogeneity
derived from omitted variables and potential measurement errors as described above.

3.2.2. Choice of instruments

In the hedonic price literature, there are a few applications of the instrumental variables
approach to estimate coefficients of attributes of interest, but not for organic chicken. For
example, Follain and Jimenez (1983) use instruments to predict values of household income
and household size, hence consumer characteristics, to estimate the demand for housing char-
acteristics. Bishop and Timmins (2011) use demographic characteristics, the race and income
of house-buyers as instruments to estimate the WTP to avoid an incident of violent crime in
San Francisco. Gopalakrishnan et al. (2011) use spatial varying coastal geological features as an
instrument to estimate the amenity value of beach width to coastal properties in a 2SLS esti-
mation. All these studies reveal a significant effect from the instrumental variables, despite the
different issues addressed. The present paper uses the socio-economic characteristics of
households as instruments to treat the organic characteristic of chicken meat as the variable
of interest. For the socio-economic characteristics to be valid instruments, they must be both
exogenous and relevant to the choice of the treated attribute.
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Several studies confirm that socio-economic characteristics are relevant to organic food
consumption, i.e. socio-economic characteristics drive the WTP for organic food. Griffith
and Nesheim (2010) explore heterogeneity WTP for organic products across different fam-
ily structures; Costanigro, Kroll, and Thilmany (2012), Gschwandtner (2018), Yue, Alfnes,
and Jensen (2009) and Wong et al. (2010) are just a few among the many studies that
show the contribution of individuals’ characteristics such income, age, gender, level of
education, family structure, employment status, etc. to organic food consumption.

The Kantar Worldpanel dataset used in this study offers some household characteristics
that are potentially exogenous to the price equation while being relevant to preference for
organic consumption. Of these, various have been tested as potential instruments and varia-
bles derived from family structure related to the age of children; for example, pre-family
(dummy for a young couple with no children), young family (dummy for a family with the
youngest child aged below 5years old) and middle-family (dummy for a family with the
youngest child aged between 5 and 9 years old) are suitable instruments. Studies show that
the number of adults and the number and age of the children in the household can have a
strong impact on organic consumption (Maguire, Owens, and Simon 2004; Tiffin and Arnoult
2010).

The first stage regressions (OLS and Probit) are used to test the impact of consumers’
characteristics on the choice of organic chicken. Table A1 (Appendix) shows the results for
the first stage estimation and indicates that the socio-economic characteristics are relevant
(p>0.01) individually and in combination.” Tables A1 and A2 provide insights into the
income effect on the demand for organic chicken, indicating a 6.2% increase in the prob-
ability of choosing organic with each level of income rise. However, income also demon-
strates a significantly higher correlation with price, as observed in the comparison of the
two OLS results, making it an unsuitable instrument. Nevertheless, income does not exhibit
a stronger correlation with price and organic choice than with family structures, suggesting
the potential use of the latter as a proxy for income to mitigate potential effects from
income elasticity of demand for organic chicken.

Using the model in Table A2 (see Appendix), we cannot reject the null that the coeffi-
cients of excluded household variables equal zero. However, individually, when using the
main model in the results (OLS), we would reject the null if YoungFamily is excluded, but
not if PreFamily, MiddleFamily and OlderFamily are excluded. Thus, these household varia-
bles would pass the test, regardless of the model, with or without other socioeconomic
variables, and are used as instruments in the main regression.® Nonetheless, in a more con-
servative approach, the final regression models use fixed effects for shops, regions and
parts. Further tests for the validity of the used instruments are shown in section 4.3.

4, Results
4.1. Descriptive statistics of the variables used in the regressions

Table 3 shows the descriptive statistics for the variables used in equation 2, including the main
product characteristics (z) and dummies for promotion, region and shop. On average, consum-
ers paid £4.71 per kilogram of chicken meat. More than 45% of the items were on some type
of offer, and 25.2% were budget labels (retailer's own low-cost items). Chicken breast is the
most popular, forming 48.8% of the observations, and half-chicken and wings are the least
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Table 3. Descriptive statistics: main product attributes.

Variable Description Mean St Min Max
Price Price/Kg 4.706 2459 0.100 27.676
LnPrice Natural log of price paid per kg 1412 0.5339 —2.303 332
Freedom Food Freedom food label 0.006 0.077 0 1
Organic Organic label 0.006 0.074 0 1
Offer Any type of offer 0.453 0.498 0 1
BudgetLabel Budget/low-cost label 0.252 0.434 0 1
Branded Not retailer's brand 0.010 0.101 0 1
Quality Retailer high-quality label 0.027 0.162 0 1
Healthy Health label 0.000 0.015 0 1
Halal Halal chicken 0.002 0.047 0 1
Sizel Package weight < 400g 0.117 0.325 0 1
Size2 Weight 400-799 g 0.323 0.468 0 1
Size3 Weight 800-1199 g 0.223 0.417 0 1
Size4 Weight 1.200 g-3000kg 0.334 0.472 0 1
Size5 (baseline) Package weight >3kg 0.002 0.049 0 1
OtherParts (baseline) Part 1 0.314 0.464 0 1
Drumsticks Part 2 0.033 0.179 0 1
Half Part 3 0.000 0.015 0 1
Legs Part 4 0.040 0.195 0 1
Breast Part 5 0.488 0.500 0 1
Thigh Part 6 0.108 0.310 0 1
Wings Part 7 0.015 0.123 0 1
Whole Part 8 0314 0.464 0 1
OtherShops (baseline) Shop 1 0.075 0.264 0 1
Asda Shop 2 0.133 0.340 0 1
Coop Shop 3 0.014 0.120 0 1
Costco Shop 4 0.005 0.072 0 1
Iceland Shop 5 0.017 0.131 0 1
Lidl Shop 6 0.098 0.297 0 1
M&S Shop 7 0.018 0.133 0 1
Morrisons Shop 8 0.108 0.310 0 1
Ocado Shop 9 0.005 0.069 0 1
Aldi Shop 10 0.149 0.356 0 1
Sainsbury’s Shop 11 0.119 0.323 0 1
Tesco Shop 12 0.234 0.423 0 1
TheBlackFarmer Shop 13 0.000 0.018 0 1
Waitrose Shop 14 0.023 0.151 0 1
London (baseline) Region 1 0.089 0.285 0 1
East Region 2 0.114 0.318 0 1
Midlands Region 3 0.173 0.378 0 1
North Region 4 0.256 0.437 0 1
Scotland Region 5 0.075 0.263 0 1
South Region 6 0.247 0.431 0 1
Wales Region 7 0.046 0.210 0 1

Number of Observations: 336,940.

popular chicken parts. Only 1% of the chicken sold was from a brand other than the retailer’s
own, and only 0.6% had an organic or Freedom Food label. Very few products (0.2%) had a
“Halal” label and almost no products had a “Healthy” label. Tesco, the supermarket with the
largest market share, has the most chicken purchases, and the north and the south are the
regions with the largest amount of chicken sales in the UK.

A thorough description of the chicken market in the UK can be found in the Appendix.

4.2. Regression results

Most hedonic price studies involve OLS regressions, as discussed. However, due to the
endogeneity problems mentioned, OLS leads to a biased and inconsistent estimate of
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parameters. For this reason, instruments derived from family structures (PreFamily and
MiddleFamily) are used as instruments in the 2SLS (mainly for comparison) and GMM
estimations. Their validity is discussed in subsection 4.3 below. In all models we use
the semi-log functional form. Table 4 shows the regression results from the OLS, 2SLS
and GMM estimations using fixed effects for parts, regions and shops.’ The dependent
variable is the natural log of the price paid per kilogram of chicken. The R-squared val-
ues for the OLS and 2SLS are high (84% and 68% respectively), which indicates that
the regressors can explain most variation in the (logged) price of chicken. Given that
the dependent variables in the OLS and 2SLS are logged transformation of price per
kilogram and the main attributes are dummies, the interpretation of the coefficients in
the log-linear OLS function, following the price change when a given dummy variable
equals one, is expressed as Op/0z =exp(B) —1. The results show that the coefficient of
“Organic” in the 2SLS model is substantially higher than the OLS estimates (above five
times). The organic coefficient in the 2SLS is also substantially higher than the GMM
estimates. As explained, GMM estimations are considered the most reliable to effect-
ively address the endogeneity and heteroskedasticity issues encountered in HPM esti-
mations (Wooldridge 1996). Nonetheless, the only other significant difference between
2SLS and GMM results is with regard to the parameters for “The Black Farmer”, with
2SLS reporting a coefficient significantly larger than from the GMM, in absolute terms.
For GMM, as the model uses the exponential form of the explanatory variables and
the dependent variable is log-transformed, the interpretation of the coefficients is
straightforward and represents the marginal effect of the respective variable, i.e. these
indicate the price change when the attribute increases by one unit or equals one for
dummies. Therefore, the estimations for the marginal implicit prices (MIP) are given
by: MIP = [0p(2)/0z] x P where P is the sample mean price paid per kilogram of
chicken (£4.71). The MIPs are presented in the second to last column of the table. The
last column presents the premiums in percentages compared to the average price per
kilogram.

The GMM estimation indicates that for UK consumers the implicit marginal price for
the organic attribute per kilogram, holding all other factors constant, is £6.40 (135.5%),
for freedom food £1.86 (39.5%), for quality £1.60 (34%), and for halal £0.77 (16.3%) in
the 2016 values. The implicit price consumers pay for branded chicken products is
£0.13 (2.8%) per kilogram, while the budget label gives a discount of £0.43 (9.1%). The
coefficient for the “Healthy” variable is not significant in any of the regression models.
This is probably related to the way this variable is defined in Kantar and would need
another variable to elicit the contribution of this important attribute. Compared with
“Other” chicken parts, the breast has an implicit marginal price of £2.38 (50.5%), the
highest added value amongst the parts, as expected. The other parts with positive
implicit prices are half chicken (£1.03=21.9%) and thigh (£0.34=7.2%), while all
others have a negative marginal effect, whole chicken being associated with the low-
est premium (-£1.54 = —32.7%).

The implicit marginal price increases as package weight decreases; smaller packages
(<400 g) increase the MIP by £0.93 (19.7%) compared to packs larger than 3 kg, while
“Offers” on average only contribute to a decrease of £0.07 (1.5%) per kilogram of
chicken. This indicates that, at least for chicken, offers are mainly retailers’ marketing
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Table 4. Regression results.

oLS 2SLS GMM
Y = LnPrice Coef SE Coef SE Coef SE MIP (£) MIP (%)
Organic 0.718%*** (0.007) 3.808*** (0.477) 1.367%** (0.104) 6.40 135.9
Freedom Food 0.562%*** (0.006) 0.631*** (0.013) 0.395%** (0.009) 1.86 39.5
Sizel 0.347%%* (0.013) 0.315%** (0.015) 0.197%** (0.011) 0.93 19.7
Size2 0.271%** (0.013) 0.255%** (0.015) 0.176*** (0.011) 0.83 17.6
Size3 0.1471%** (0.013) 0.130%** (0.015) 0.099%** (0.011) 0.47 10.0
Size4 0.017 (0.013) 0.012 (0.015) -0.016 (0.011) —0.08 -1.7
Offer —0.059%** (0.001) —0.029%** (0.005) —0.015%** (0.004) —0.07 -1.5
Branded 0.053*** (0.006) 0.040*** (0.007) 0.027%** (0.005) 0.13 2.8
BudgetLabel —0.117%%* (0.006) —0.079*** (0.008) —0.0971%** (0.009) —-0.43 —-9.1
Quality 0.393%** (0.005) 0.497*** (0.017) 0.341%** (0.010) 1.60 34.0
Halal 0.2371%%%* (0.014) 0.245%** (0.015) 0.165%** (0.010) 0.77 16.3
Healthy 0.030 (0.061) 0.062 (0.061) -0.013 (0.029) -0.06 -13
SubProduct (FE)
Drumsticks —0.243%** (0.008) —0.2371%%* (0.009) —0.244%** (0.009) -1.15 —24.4
Half 0.106*** (0.031) 0.236%** (0.039) 0.219%%* (0.027) 1.03 21.9
Legs —0.162%** (0.008) —0.216%** (0.012) —0.196*** (0.011) -0.92 —-19.5
Breast 0.703*** (0.008) 0.714%** (0.009) 0.506*** (0.009) 2.38 50.5
Thigh 0.077*** (0.008) 0.069*** (0.009) 0.072%** (0.009) 0.34 7.2
Wings —0.013* (0.008) —0.020%** (0.008) —0.035%** (0.009) —0.16 —-34
Whole —0.341%** (0.009) —0.310%** (0.010) —0.328%** (0.01) —1.54 —-32.7
Retail (FE)
Aldi —0.015%* (0.006) —0.062%** (0.010) —0.023** (0.009) -0.11 —-23
Asda 0.044%%* (0.002) 0.024%** (0.004) 0.0171%%* (0.003) 0.05 1.1
Coop 0.158*** (0.003) 0.137*** (0.005) 0.086*** (0.003) 0.41 8.7
Costco 0.154%*** (0.005) 0.150%** (0.005) 0.132%** (0.004) 0.62 13.2
Iceland —0.109%** (0.003) —0.140%** (0.006) —0.1171%%* (0.005) -0.52 -11.0
Lidl —0.009 (0.006) —0.054** (0.010) —0.017* (0.009) —0.08 -1.7
M&S —0.072%** (0.007) —0.240%** (0.028) —0.136%** (0.016) -0.64 —-13.6
Morrisons 0.112%** (0.002) 0.073** (0.006) 0.045%** (0.005) 0.21 4.5
Ocado 0.151%** (0.006) 0.103*** (0.011) 0.058*** (0.007) 0.27 5.7
Sainsbury’s 0.086*** (0.002) 0.010 (0.012) 0.001 (0.009) 0.00 0.0
Tesco 0.037*** (0.002) 0.003 (0.005) —-0.002 (0.004) -0.01 —-0.2
TheBlackFarmer 0.278*** (0.014) —2.747%** (0.467) —0.597*** (0.097) -2.80 —59.4
Waitrose 0.383*** (0.004) 0.178*** (0.032) 0.104%** (0.021) 0.49 104
Regions (FE)
East 0.000 (0.002) 0.024*** (0.005) 0.021%** (0.004) 0.10 2.1
Midlands 0.002 (0.002) 0.027*** (0.005) 0.022%** (0.004) 0.10 2.1
North 0.001 (0.002) 0.027*** (0.005) 0.023*** (0.004) 0.11 23
Scotland 0.008*** (0.002) 0.02%** (0.004) 0.014%%* (0.003) 0.07 1.5
South 0.006*** (0.002) 0.033*** (0.005) 0.025%** (0.004) 0.12 25
Wales —0.009%** (0.002) 0.020%** (0.005) 0.017%** (0.004) 0.08 1.7
Constant 0.896*** (0.015) (0.017) —0.062%** (0.014) -0.29 —6.2
Observations 336,940 336,940 336,940
R 0.839 0.676

Robust SE in parentheses, *** p <0.01, ** p < 0.05, * p <0; all models include monthly dummies.

strategy to influence shopping behaviour through their discount perception, rather
than a significant price reduction.

Unlike the descriptive section, which shows the average price paid for each product
characteristic across sellers, the marginal implicit prices show how much individuals
would pay for the shopping experience at that specific supplier, with all other attrib-
utes held constant. As an illustration, despite its relatively high average price, The
Black Farmer has the lowest implicit marginal price (-£2.80/kg=—59.4%), probably
because of its specialisation; therefore, the higher price is driven by other variables,
most notably “Organic”. M&S (-£0.64 = —13.6%) and Iceland (-£0.52 =11%) are associ-
ated with the lowest implicit prices. Costco (£0.62=13.2%) and Waitrose
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(£0.49 = 10.4%) have the highest implicit prices, followed by Coop (£0.41 =8.7%) and
Ocado (£0.27 =5.7%).

Although statistically significant, there appears to be no large variation in marginal
implicit prices across regions, and therefore price differences in this case are mostly
driven by product differentiation. Using London as a baseline, all regions are associ-
ated with a positive effect on willingness to pay. Consumers in the south pay the
highest implicit price, followed by consumers in the north. Further heterogeneity is
explored in section 4.4.

4.3. Instrumental variable tests

Table 5 shows the results from statistical tests of the instruments following the 2SLS
and the GMM estimations. For the endogeneity test of the organic attribute, this study
applies the Wu-Hausman, the Durbin-Wu-Hausman and the C difference-in-Sargan
endogeneity test for the 2SLSL and GMM estimations respectively. With 99% confi-
dence, we can reject the null that “Organic” is exogenous, thereby justifying the use
of instrumental variables in the models. The adjusted R* from the first-stage regression
indicates the squared partial correlation between the endogenous regressor and the
instruments only, which is usually low. Table 5 further shows the Angrist-Pischke F-test
for the validity of the instruments. This test shows when one endogenous variable (as
only “Organic” is treated) is weakly identified in the presence of multiple endogenous
variables (which is possible for this study). The test statistic indicates that the instru-
ments are valid, with F-statistics substantially above the threshold of 10 (35.67).

Table 5 also shows Wooldridge’s test statistic for over-identification, given that the IV
regression uses robust estimations. This is required due to heteroscedasticity, a common
problem in hedonic price regressions. The Hansen'’s J test is the alternative for the GMM
estimation. Over-identification occurs when the number of additional instruments (con-
ditional to at least one exogenous instrument) exceeds the number of endogenous varia-
bles. The test determines whether the instruments are uncorrelated with the error term.
A significant test statistic indicates invalid instruments or model misspecification. The
results indicate that the instruments pass the test in all models, hence we can reject the
null of over-identification and cannot reject that the instruments are valid."'

Table 5. Instrument validity (Pre-family and Middle-family)'®.

Test 25LS GMM
Endogeneity

Durbin-Wu-Hausman x2-test 90.339%**

Wu-Hausman F-test 90.377%**

C Difference-in-Sargan 98.520%**
First stage regression

Adjusted R2 0.088 0.088
Angrist-Pischke F-statistic 35.663%** 35.663***
Over-identification

Wooldridge's robust test 2.029

Hansen'’s J x2-test 2.029
P-value 0.154 0.785

¥ < 0.01
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4.4. Heterogeneity

Analysing the heterogeneity of the WTP is not only important for robustness but also
because not all consumers have the same preferences, and because it is important to
identify when consumers are willing to pay the highest/lowest organic premium. In
general, the results are presented for the average consumer, but this consumer might
not exist. Highlighting the heterogeneity in the results is very important for policy,
supporting policymakers to make informed decisions. In the present study, heterogen-
eity across regions, retailers and chicken parts is identified through a series of regres-
sions. In the GMM estimation, the socioeconomic characteristics include measured and
unmeasured heterogeneity and shocks on preferences of households, which should
cause variation in WTP. Spatial units (regions in the case of this study) must also be
defined exogenously to rely on analysis of the variations across space (Helbich et al.
2014). The same applies to chicken parts, which are therefore treated as different
products. The literature explores various sources of heterogeneity in organic price pre-
miums across different products and countries. Griffith and Nesheim (2010), for
example, who apply a log-linear model to all grocery products in a basket of goods,
reveal a large amount of WTP heterogeneity across organic products in the UK rang-
ing from approximately —50% to 140%. Heterogeneity in chicken parts, regions and
retailers is explored in this section by comparing GMM with OLS results in Tables A9,
A10 and A11 (Appendix). For consistency, the same variables are used as regressors
when analysing consumption per chicken part and region. Similar to the main model,
the variables derived from family structures are used as instruments. However, seg-
mentation implies that different instruments need to be used across sub-samples. For
regions, “Pre-family”, “Young-family”, “Middle-family”, and “Number of Adults” were
used based on the strongest F-statistics (Table A9)."2 For chicken parts, “Older-family”
was used as the instrument in almost all models, except chicken legs, for which the
strongest instrument proves to be “Young-family” (Table A10).

Across regions, consumers in the north and east regions pay the highest premium
for the organic attribute (above 150%), while households in Scotland pay only 35%.
Price premiums for the attribute “Freedom Food” do not appear to vary significantly
between regions (ranging from 27% to 43%), as there appears no substantial variation
in the premiums for the attribute “Quality”."® The latter is explained by the fact that
most observations containing the quality attribute are associated with the retailer’s
brand label, which should be consistent in most parts of the country. Consumers also
seem to pay a higher premium for the attribute “Halal” in the east and west. The mar-
ginal implicit price of the “Budget Label” has the largest negative effect in Scotland
but values are relatively consistent between regions. The results also reveal that the
marginal implicit values of the retailers vary across the country. The retailer marginal
effect on price in London is the lowest for Aldi, Lidl and M&S. The marginal effect is
relatively higher in Scotland for Waitrose; in the Midlands Morrisons and Waitrose
have the highest implicit prices, and in the north, the main retailers have similar mar-
ginal implicit prices, apart from M&S, which is associated with a negative value. In con-
trast, log-linear OLS results show lower variation in the implicit values of the organic
attribute across regions, ranging from 87% in Scotland to 120% in London.
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Heterogeneity involving chicken parts confirms that the marginal effects of attrib-
utes do vary with the parts, as shown in Table A10."* The organic attribute has the
highest marginal effect on all chicken parts, varying from 126% for legs to 298% for
whole chicken. This indicates that consumers place lower aggregated value on the
organic attribute when associated with chicken parts, i.e. higher marginal value for
organic chicken suppliers when the chicken is not cut into pieces, all other factors
being equal. The “Freedom Food” certification has the highest value for consumers of
chicken breast and whole chicken (35% and 82% respectively).

Counterintuitively, the attribute “Quality” has a negative effect on drumsticks, despite
its positive and significant high implicit value for all other chicken parts. Branded items
have a mixed average effect, but there is an indication that consumers prefer thighs and
whole chicken associated with the retailer's label. As expected, “Budget Label” has a
negative and significant effect on implicit values, except breast and whole chicken. The
“Healthy” attribute was only available for chicken breast and is positive as expected with
a marginal effect of 13%, but this should be interpreted with care as only a few products
carried this label. Consumers seem to place the highest value of the “Halal” attribute on
thighs and legs, at 37% and 11% respectively. Marginal implicit prices for the organic
attribute of chicken parts range from 57% for thighs to 136% for the whole chicken.
These results are particularly relevant to retailers and their respective market strategies.
Most importantly, however, the GMM results for regions and chicken parts confirm that
OLS is likely to underestimate the marginal implicit prices of the organic attribute.

Building on the insights gained from Table A10, Table A11 offers a more elaborate
examination of the varied pricing strategies employed by retailers across different
chicken parts.'”” It shows the regression results from interaction terms between
chicken parts and retailers and reveals notable divergences in pricing strategies
among retailers, illuminating specific trends and patterns. For example, despite boast-
ing some of the lowest average prices for various chicken products, retailers such as
Aldi, Iceland and Lidl exhibit significantly higher premiums for chicken breast. In con-
trast, retailers like Ocado and Waitrose, while comparatively more expensive overall,
offer competitive pricing for half and whole chickens, suggesting a competitive land-
scape. Tesco appears to gain a competitive edge in selling drumsticks, while Morrisons
follows a similar pattern, with certain chicken parts associated with relatively higher
MIP, despite low price differentiation across items.

On the higher end of the average price spectrum, M&S adopts a differentiated pric-
ing strategy, which is particularly evident in its pricing of chicken legs and drumsticks.
This retailer positions chicken breast and thighs as relatively high premium parts, most
likely due to their demand inelasticity, with significant price discrepancies compared
to competitors. Similarly, Waitrose positions these parts, along with half-chickens, as
premium products commanding higher price points. In essence, Table A10 demon-
strates the nature of retailer pricing strategies within the chicken market, highlighting
the approaches adopted by retailers to appeal to diverse consumer segments based
on the elasticities of the product, in line with third-degree differentiation. This insight
contributes to a deeper understanding of the retail pricing dynamics and underlines
the importance of considering product-specific pricing strategies in retail analysis.
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Beyond heterogeneity, an in-sample prediction is performed as a second type of
robustness check. Unfortunately, we do not have data for years other than 2016 and
cannot perform an out-of-sample prediction and compare our predictions with actual
data from later periods. However, what we could do is hold out a subset from the
existing data, make predictions based on this and compare it with the actual results
obtained. We have divided the data into two randomly assigned subsets (110,046
observations each), applied the model to sample 1, and predicted the price for sample
2. We obtain a result for the organic coefficient 1.346 (0.111) *** which is very close
to the one in Table 4 above: 1.361 (0.104) *** for the GMM estimations.'®

The third type of robustness check we perform is related to outliers. To exclude
outliers relating to price and weight we also run the same main regressions as in
Table 4 excluding retailers with less than 50 observations. The results are very similar
and the organic coefficient is 1.354 (0.105) ***. We conclude that the results are
consistent."”

5. Conclusions

The purpose of this paper is to estimate the willingness to pay (WTP) for the organic
attribute of chicken in the United Kingdom in a robust manner.

We show that when correcting for endogeneity the value of the organic attribute is
two to five times larger than without correction, leading to a price premium in rela-
tion to the conventional chicken of price of 135%, (totalling £6.36 per kilogram) for
the organic attribute in chicken meat. This result is in line with the results obtained by
Griffith and Nesheim (2010) who also apply hedonic price models to 2004 scanner
data in the UK and estimate a WTP premium of 125% for fresh organic meat and veg-
etables compared to conventional meat, but with no insight into chicken meat.

The results show that not only does the organic attribute contribute substantially
to the implicit marginal price of chicken across all types of chicken meat but that it
contributes more than in past estimates, where the average of the premiums found
for organic chicken is usually smaller (although not always). As the previous studies
did not correct for endogeneity, we believe there might have been an underestima-
tion of this attribute. Beyond the methodological contribution, this paper also provides
organic estimates that are more relevant to food policy decisions.

The results suggest that in the current context of food inflation retailers should per-
haps not be too concerned about the increases in the price of organic chicken and
they might not need to ask producers to cut their prices; consumers appear to be will-
ing to pay higher prices for organic chicken.

Another contribution of our study is in showing a large heterogeneity in the value con-
sumers place on the organic attribute by region, retailer and chicken part. We show that
there are large differences across the UK, which implies that if UK policymakers want to
implement a single policy to promote organic products across the country it might not be
successful. Hartley (1996) discusses the problems arising from the assumption of a
“representative agent” and ignoring heterogeneity. The results for this agent will not
necessarily explain the aggregate data. “Representative agents conceal heterogeneity
away”, which can be misleading, especially in policy decisions. Our results show that
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the regions in the UK that have the highest WTP for the organic attribute in chicken
meat are the north and the south-east, whilst the midlands has the lowest, and we
reveal that in some areas retailers have more leeway to increase their price for organic
chicken than in others. Regarding chicken parts, our results reveal that the highest
WTP is for whole chicken, breast and thighs, and the lowest is for drumsticks. The
results for chicken part and retailer interactions reveal varied pricing strategies, with
some retailers offering lower average prices but charging higher premiums for specific
parts like chicken breast, while others competitively price half and whole chicken.
Differentiated pricing reflects consumer segment appeal and product elasticities, dem-
onstrating retail pricing dynamics.'®

A reliable estimate of the marginal value of the organic attribute is a necessary first
step for an accurate cost-benefit analysis of any policy decision related to organic
products. This is especially important not only when related to meat where animal
welfare aspects need to be further considered but also at present in the UK when
organic chicken sales are constantly increasing (especially since the pandemic) and
since Brexit as the agricultural policy is in the process of being reformed. Hence, the
present paper is relevant to various stakeholders, such as organic producers, retailers,
consumers and food policymakers in the UK.

Although the results are for the UK, they have more generality as the UK is
similar to other European countries and the methodology applied here, using con-
sumer characteristics as instruments in a hedonic pricing setting, can be applied to
similar data from around the world to obtain more robust WTP estimates for vari-
ous food attributes. It is important to underline that the method used in the pre-
sent paper and the insights derived from it are not only applicable to the chicken
market but also extend to other markets, providing a versatile and robust frame-
work for further research.

The results point to the need to use instrumental variables to obtain a more robust
understanding of consumer preferences for the organic attribute in chicken meat.
Without instruments, the consumers’ willingness to pay for this attribute would be
severely underestimated. Given the increasing demand for organic products since the
pandemic, the present results are also expected to hold beyond 2016, the year of the
data used for this research, and the estimated relative premiums from 2016 are
expected to be still valid today. Therefore, the present paper contributes unique
insights into the complexities of price determination in the poultry market that hold
beyond the period of analysis.
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Nomenclature

2(z4, ..., Zn) vector of product characteristics

p(z marginal price of z

X characteristics related to consumers and suppliers
s error term

u utility function
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X unit price composite commodity

y income

o taste parameter

W willingness to pay for characteristic zi

[0) willingness to accept (of firms)

7 profit

p factor price and production parameter

a utility derived from an organic/conventional product
X, household characteristics

n organic vs conventional product

Vi dummies for special offer

0y dummies for the region

R? R-squared (measure for the goodness of fit)
Notes

1. Available at: https://www.foodnavigator.com/Article/2020/05/06/0rganic-food-gets-
coronavirus-boost; there is evidence, however, that this surge might have been caused by
an increase in organic prices rather than in quantities bought (Revoredo-Giha and
Gschwandtner, 2021).

2. Massey et al. (2018) show in their meta-analysis that on average organic products are perceived
to have a positive overall impact on individuals (especially health), the environment (soil,
pollination and biodiversity protection) and animal welfare (humane farming).

3. Climate Assembly UK, Chapter 6 available at: www.climateassembly.uk/documents/88/
Chapter6.pdf.

4. Which goes beyond inflation.

5. These studies use Cheap Talk, which includes a short script where respondents are warned
that usually participants in surveys tend to overstate their WTP for credence attributes,
such as organic, in a hypothetical situation and they are asked to behave as in a real
shopping situation.

6. Note that organic consumption is represented in grams per household and not kilograms
per household to make the bars more comparable.

7. Given that the choice of purchasing organic is dichotomous, Table 3 shows the results
both for OLS and from a Probit regression. These add extra robustness to the relevance
test, as results from the Probit estimation are more reliable in this case. The main purpose
of the regression is to illustrate that the exogenous socio-economic variables are relevant
to the system of equations.

8. Results using PreFamily, MiddleFamily and OlderFamily:.

F = [R® — RA/(Of - Df)I( - R%)/Df] = [(0.8370-0.8370)/3)/[(1 —0.8370)/
336893] = 0.000.

where Df, and Df,, are the degrees of freedom of restricted and unrestricted models (with
tested instruments) respectively.

9. This analysis assumes heterogeneity across the controlled variables. To account for this, we
employed fixed effects using the least squares dummy variable (LSDV) approach, ensuring
that categorical variables are accurately represented and consistent with the GMM method.
Choosing any categorical variable as the fixed effect option (in an xtreg regression in
Stata) yields identical coefficients for the regressors, as elaborated in Torres-Reyna (2007).

10. The first stage results are a post-estimation of the main model, thus including all

11.

endogenous and exogenous variables.

In principle, consumers (and their characteristics) could impact the price they pay by
choosing a specific retailer/region. This is why we have run the estimations with retailer/
region fixed effects.


https://www.foodnavigator.com/Article/2020/05/06/Organic-food-gets-coronavirus-boost
https://www.foodnavigator.com/Article/2020/05/06/Organic-food-gets-coronavirus-boost
http://www.climateassembly.uk/documents/88/Chapter6.pdf
http://www.climateassembly.uk/documents/88/Chapter6.pdf
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12. Consistent with the discussion in section 3.3.3 and Tiffin and Arnoult (2010), ‘Adults’ was
statistically significant but omitted in Tables 2 and 3 due to collinearity.

13. In the exponential GMM Ln model the coefficients are equivalent to the marginal effect,
thus the MIP (no need for transformation) and premiums are calculated with respect to
the average price of £4.71.

14. Half chicken is not included in the table as there is no organic entry for the attribute in
the sample.

15. Table 15 shows results from the OLS model with interaction terms as the GMM
exponential model with interaction variables would not converge for the full data. Due to
perfect multicollinearity, some interactions were also dropped, e.g. data from The Black
Farmer only relates to chicken legs.

16. Our thanks to an anonymous referee for this suggestion.

17. The results can be obtained from the authors upon request.

18. Our thanks to an anonymous referee for suggesting this insightful analysis.

19. Having the highest average price in the top 1% (23.87).
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Appendix A

Table A1. Regression of socio-economic characteristics on the organic attribute.

@3)
(1) (2) OLS (Family) (4)
VARIABLES Probit OLS Structure) OLS (Main Model)
Income 0.0627%** 0.007%%*
(0.005) (0.000)
Female 0.024 0.000
(0.022) (0.000)
BMI —0.027%** —0.000%**
(0.002) (0.000)
PreFamily 0.159%** 0.0027%** 0.0071** 0.0071%*
(0.042) (0.001) (0.000) (0.000)
YoungFamily 0.204%** 0.003*** 0.002*
(0.037) (0.001) **
MiddleFamily 0.294%** 0.005%** (0.000) 0.003***
(0.038) (0.001) (0.000) (0.000)
OlderFamily —-0.024 —0.000 —0.002***
(0.045) (0.000) (0.000)
EmptyNest 0.263%** 0.004%**
(0.038) (0.001)
Retired 0.383%** 0.006***
(0.040) (0.001)
Constant —2.289%** 0.009%** 0.005%** 0.005%**
(0.077) (0.001) (0.000) (0.000)
Observations 238,860 238,860 336,942 336,942
R-squared 0.002 0.000 0.000
Robust standard errors in parentheses.
**kp <0.01, ¥¥p < 0.05, *p < 0.
Table A2. Regression of socio-economic characteristics on price.
LnPrice Coef. St. Err t-value p-value Sig.
Income 0.007 0.000 31.59 0.000 ok
Age —0.001 0.000 -9.85 0.000 HoHx
Female 0.001 0.001 132 0.188
BMI 0.000 0.000 —-1.27 0.203
Retired 0.002 0.002 1.28 0.200
Children —0.002 0.001 —-2.74 0.006 HoHx
PreFamily —-0.015 0.002 —7.45 0.000 ok
YoungFamily —0.001 0.002 —-0.47 0.636
MiddleFamily 0.003 0.002 1.40 0.161
OlderFamily 0.002 0.002 0.85 0.394
Constant 1.207 0.018 67.23 0.000 ok

R-Squared: 0.856

*xkp < 0.01, ¥*p < 0.05, *p < 0.1.
All variables from the baseline model were included.

Chicken market description

Table A3 illustrates the number of purchases/entries by region and total expenditure, which are
consistent with the representation of each region. The average price paid per kilogram of
chicken is relatively consistent across regions, ranging from £4.13 in Wales to £4.32 in London.
The dataset has entries from 35 different retailers across the country. The table also shows mar-
ket shares in terms of expenditures by region with the highest cumulative percentage for the
south-east including London (45.23%) followed by the north (25.76%).
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Table A3. Chicken purchases distribution and total expenditure by region.

Expenditure Exp Mean P Median P
Region Purch. (£) (%) (£/Kg) (£/Kg) SD
North 86,387 369,000.00 25.76 4.27 3.69 3.06
South 83,336 354,000.00 24.71 4.24 3.79 248
Midlands 58,134 243,000.00 16.96 4.19 3.70 2.78
East 38,403 165,000.00 11.52 430 3.78 2.77
London 29,958 129,000.00 9.00 432 3.67 3.50
Scotland 25,111 108,000.00 7.54 430 3.75 2.67
Wales 15,641 64,641.45 4.51 413 3.64 2.74
Total 336,970 1,432,641.45 100.00 4.25 3.75 2.85

Table A4. Number of chicken purchases per retailer in each region.

Retail East London Midlands North Scotland South Wales
Tesco 12,4901 7,037 12,021 14,987 5,018 23,400 3,952
Aldi 5,074 1,735 12,095 17,006 3,772 8,044 2,558
Asda 3,884 3,219 6,545 15,641 4,134 9,194 2,262
Sainsbury’s 4,874 5,872 6,544 7,124 1,729 12,928 899
Morrisons 3,530 1,871 7,329 11,770 3,421 6,877 1,535
Lidl 2,707 3,149 4,467 6,133 3,483 10,489 2,536
Waitrose 1,060 1,292 1,017 914 115 3,256 173
M&S 410 589 695 1,923 913 1,370 226
Iceland 602 1,015 788 1,508 412 1,158 406
Coop 676 218 951 1,055 545 1,251 187
Costco 230 251 199 420 190 426 56
Ocado 232 210 328 278 4 521 16
TheBlackFarmer 0 99 3 1 0 5 0
Others 2,633 3,401 5,152 7,627 1,375 4,417 835
Total (336,970) 38,403 29,958 58,134 86,387 25,111 83,336 15,641

Table A5. Sample distribution by chicken part.

# Purchases Share Mean Median
SubProduct (Obs) (%) (£/Kg) (£/Kq) SD
Breast 164,490 48.81 6.67 6.15 1.77
Whole 105,761 31.39 2.62 242 1.07
Thigh 36,378 10.80 3.74 3.00 1.85
Legs 13,310 3.95 2.69 243 1.1
Drumsticks 11,126 3.30 2.35 2.25 0.54
Wings 5,185 1.54 2.23 2.32 0.58
Others 649 0.19 2.82 249 1.22
Half 71 0.02 4.75 4.90 1.15
Total 336,970 100.00 471 5.20 247

Table A4 shows the market shares of the retailers by region. For example, Tesco has 12.5%
of the market share in the east and 23% in the south, whilst Aldi holds 1.7% in London but sur-
passes Tesco in the north with a market share of 17% (versus 15% at Tesco).

The data also allows investigation of the market for each chicken part. As indicated in Table
A5, the most popular chicken part in the UK is breast, forming 48.81% of entries in the panel.
Chicken breast is also associated with the highest price, costing an average of £6.67 per kilo.
Wings are the cheapest part sold, costing on average only £2.23/Kg.

The main interest of this research, the market for organic chicken, is relatively more consoli-
dated, with only eight sellers: Sainsbury’s (40.4% of entries), Waitrose (25.3%), Tesco (15.3%),
Morrisons (6.4%), Marks and Spencer (M&S) (5.9%), The Black Farmer (5.8%), Ocado (0.8%) and
Asda (0.1%).

Table A6 below shows the average price including the bottom 1% (p1) and top 1% (p99) pri-
ces per retailer. It shows, for example, that Ocado is the most expensive on average across all
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Table A6. Price of organic chicken by retailer (£/Kg).

Retailer #purchases Mean Sales Value p50 SD p1 p10 p99

Sainsbury’s 759 10.82 8213.68 6.72 6.27 4.77 5.30 22.11
Waitrose 474 11.69 5541.50 9.32 5.85 4.72 5.75 23.87
Tesco 288 10.15 2923.19 10.00 2.15 5.81 6.94 13.60
Morrisons 121 9.30 1125.25 9.75 217 433 542 15.06
M&S 110 6.49 713.79 4.28 3.49 299 3.65 13.22
TheBlackFarmer 108 7.49 808.70 7.65 0.78 6.06 6.45 9.13
Ocado 15 16.74 251.08 16.65 1.38 14.19 15.81 20.83
Asda 2 11.44 22.87 11.44 0.59 11.02 11.02 11.85
TOTAL 1877 10.44 19,600.06 8.55 534 3.67 5.30 21.97

Source: Own elaboration based on Kantar Worldpanel data.

Table A7. Average retail price by organic chicken parts (£/Kg).

Chicken Part
Retail Mean Breast Drum. Legs Thigh Whole Wings
Ocado 16.74 16.74
(15)

Waitrose 11.69 19.49 7.69 11.38 6.01 5.78

(121) (17) (193) (128) (15)
Asda 11.44 11.44

)

Sainsbury’s 10.82 18.55 5.68 6.84 6.53

(279) (163) (135) (182)
Tesco 10.15 11.01 12.42 10.00 7.40

(155) (41) (10) (82)
Morrisons 9.30 10.04 497 6.90

(103) (17) M
TheBlackFarmer 7.49 7.49

(108)

M&S 6.49 11.65 3.85 7.87

(29) (65) (16)
Sample Average 10.44 15.44 7.69 6.55 9.83 6.6 5.78

(1877) (689) (17) (394) (353) (409)

Number of observations in parentheses.
Numbers in bold represent the most sold chicken part by retailer.
Source: Own elaboration based on Kantar Worldpanel data.

price distributions, as it does not seem to sell low-priced products. The retailer only supplies
thighs, which is the second most expensive chicken part. M&S, which usually is perceived as
more expensive, interestingly has the lowest average price. However, almost 45% of its organic
chicken sold was on offer, on average 5% cheaper than the original price (the highest discount
amongst the suppliers), and most of its organic chicken sold were legs, which are associated
with a relatively low price. Waitrose, the UK's “high-end supermarket”, sells the most expensive
organic chicken, as expected.””

Table A7 shows the average prices paid for various organic chicken parts by supermarket.
M&S sells the most expensive organic whole chicken and the third most expensive organic
chicken breast despite being on average the cheapest. Conventional chicken is the cheapest at
Asda but the supermarket has very limited organic chicken sales, driving the average price of
this product up. Table A7 also shows in parentheses and in bold which chicken part is sold
most by the respective retailers. For example, M&S sells mostly organic chicken legs, which is its
cheapest organic chicken part and explains their overall low average price. Sainsbury’s, on the
other hand, sells mostly organic chicken breast, which is the most expensive chicken part and
explains its relatively high average price. Ocado sells only thighs, Asda only breast and The
Black Farmer only legs in the organic range. The average cheapest organic whole chicken is
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Table A8. Comparison: organic versus all by chicken part.

All Chicken Purchasing Organic

Observations Share MPrice Observ. Share Price
Chicken Part (purchases) % (£/kg) (purchase.) % (£/kg)
Breast 164,490 48.81 6.67 689.00 36.71 15.44
Whole 105,761 3139 2.62 409.00 21.79 6.60
Thigh 36,378 10.80 3.74 353.00 18.81 9.83
Legs 13,310 3.95 2.69 394.0 20.99 6.55
Drumsticks 11,126 3.30 235 17.00 0.91 7.69
Wings 5,185 1.54 223 15.00 0.80 578
Other 649 0.19 2.82 - - -
Half 71 0.02 4.75 - - -
Total 336,970 100.00 4.71 1877 100.00 10.44

sold at Waitrose, the cheapest breast at Morrisons, and the cheapest thighs at Sainsbury’s, sug-
gesting a certain level of specialisation.

As illustrated in Table A8, organic chicken breast is the most popular and the most expensive
part. This part was bought on average for £15.44 per kilogram. Note that it is generally sold in
smaller packs (400g on average), thus consumers’ lower price perception when buying might
be a factor to consider. On the other hand, drumsticks and wings are the cheapest (sold only at
Waitrose) and least popular chicken parts, though substantially more expensive than conven-
tional counterparts.

Figures A3 and A4 show the organic price distribution across retailers and chicken parts.
Figure A3 suggests that Waitrose and Sainsbury’s offer the widest variety of chicken products in
their stores, which is natural given their market shares, in contrast with Tesco and The Black
Farmer. Ocado is not on the chart but was found to be highly consolidated, in line with Table
A7, indicating only one type of organic chicken part sold by the retailer in the sample.
Concerning chicken parts, breasts and thighs are the only ones associated with a wide price
range. Overall, the price distribution for organic chicken is illustrated in Figure A2, which shows
a broad distribution, despite a relative concentration of prices at around £6 per kilogram.
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Meat Consumption in the UK from 1974 to 2015
g/person/week (DEFRA)
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Figure A1. Meat consumption in the UK (g/person/week) Source: Defra.
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Figure A2. Price distribution: all retailers (organic chicken).
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Figure A3. Price/kg distribution by retailer (organic chicken).
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Figure A4. Price/kg distribution by part (organic chicken).



