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Abstract
Spain, the world’s leading producer of extra virgin olive oil (EVOO), has 29 protected designations of 
origin (PDOs) in this sector in 2021. The objectives of this research are, first, to analyse the differences 
in the origin value of this product with differentiated quality, based on the geographic area of origin; 
and, secondly, using panel data methodology, to research how certain variables such as the age of the 
PDO, the production volume, the orientation of part of the supply towards international markets or the 
development of oleotourism activities in a territory influences the average price paid to the producer. 
The results show that age, export to non-EU countries and oleotourism positively affect the product’s 
value. These findings should be taken into account in the design of possible actions by companies, PDO 
Regulatory Councils (RCs) and influential institutions in the sector, at European, national and regional 
levels. This article contributes to the evaluation of EU’s agri-food product quality policy and examines 
the factors influencing the price at origin of certified products, which condition the sector’s profitability 
and the future of PDO-certified production.

Keywords: Extra virgin olive oil (EVOO), Protected Designation of Origin (PDO), Spain, Price at origin, 
Export, Oleotourism.

1. Introduction

Foods with differentiated quality covered 
by a Protected Designation of Origin (PDO) 
or Protected Geographical Indications (PGI) 
have peculiar and specific characteristics due 
to the origin of the raw materials used (MAPA, 
2014). European regulation 2024/143 on qual-
ity schemes for agricultural and food products 
defines “designation of origin” as a name iden-
tifying a product: a) from a specific place, re-
gion, or country; b) whose quality is due to its 
geographical environment; and c) all production 

stages occur there. It defines “geographical indi-
cation” as a name identifying a product: a) from 
a specific place, region, or country; b) with qual-
ities attributable to its origin; and c) with at least 
one production stage there. The PDO and PGI 
recognize a product’s origin, associating it with 
quality or reputation. This information differen-
tiates goods in the market and can help develop 
a brand linked to its origin. Studies show these 
indications can contribute to rural development 
under suitable conditions (Bowen, 2010; Cei et 
al., 2018), although not always (Neilson et al., 
2018), and promote the sale of local products 
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in national and international markets (Galati et 
al., 2017; Lubinga et al., 2020). The right to 
use geographical indications belong to regional 
producers, adding value and protecting tradi-
tional knowledge. They also generate significant 
secondary benefits in tourism and gastronomy 
(Marcoz et al., 2016), emphasizing that certi-
fied quality agriculture is presented as one of the 
main opportunities for the development of these 
rural environments (Consejo Económico y So-
cial de España, 2018).

Spain, located on the western shores of the 

Mediterranean and with an olive grove area of 
2,468 million hectares for the production of ol-
ive oil for oil mills, has traditionally been the 
world’s leading producer of this foodstuff (Bull, 
1936; García-Moral et al., 2023). In 2021, the 
extent of olive plantations registered under a 
PDO is estimated at 732,927 hectares, represent-
ing 29.69% of the total area. This area is une-
venly distributed across the different regions, 
as shown in Table 1 and Figure 1. This country, 
however, is not the EU partner with the highest 
number of PDOs in this agroindustry as of the 

Table 1 - Registered area and production of EVOO-PDO by designation of origin in Spain in 2021. 

 PDO
Registered area (ha) Production of EVOO-PDO

Ha % Tn %
1 Aceite de La Rioja 1,256.00 0.17 315.61 0.29
2 Aceite de Navarra 2,691.00 0.37 173.27 0.16
3 Aceite de L’Empordà 884.00 0.12 75.88 0.07
4 Les Garrigues 16,260.00 2.22 3,890.00 3.52
5 Siurana 8,559.00 1.17 3,761.42 3.41
6 Aceite de Terra Alta 2,600.00 0.35 456 0.41
7 Aceite del Bajo Aragón 22,300.00 3.04 1,980.00 1.79
8 Aceite del Baix Ebre-Montsià 12,111.00 1.65 186.59 0.17
9 Aceite de Mallorca 40,114.00 5.47 349 0.32

10 Gata-Hurdes 30,000.00 4.09 57.58 0.05
11 Aceite de La Alcarria 28,335.00 3.87 193.74 0.18
12 Montes de Toledo 35,000.00 4.78 14,500.00 13.13
13 Aceite de la Comunitat Valenciana 4,248.00 0.58 0 0.00
14 Aceite Monterrubio 12,500.00 1.71 28 0.03
15 Aceite Campo de Montiel 26,325.00 3.59 7,638.00 6.92
16 Aceite Campo de Calatrava 22,123.00 3.02 112 0.10
17 Sierra de Segura 35,064.00 4.78 7,564.00 6.85
18 Montoro-Adamuz 22,546.00 3.08 272 0.25
19 Sierra Mágina 60,000.00 8.19 10,225.00 9.26
20 Sierra de Cazorla 37,700.00 5.14 3,500.00 3.17
21 Aceite Sierra del Moncayo 2,500.00 0.34 83.25 0.08
22 Montes de Granada 37,252.00 5.08 503.32 0.46
23 Poniente de Granada 39,407.00 5.38 1,460.00 1.32
24 Priego de Córdoba 29,628.00 4.04 6,704.00 6.07
25 Baena 60,000.00 8.19 41,066.71 37.20
26 Estepa 39,516.00 5.39 3,800.00 3.44
27 Aceite de Lucena 38,233.00 5.22 72 0.07
28 Antequera 42,606.00 5.81 1,617.60 1.47
29 Sierra de Cádiz 28,000.00 3.82 375 0.34

Source: MAPA (2023b).
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end of 2021 (12/31/2021), a position held by Ita-
ly with 42. Behind Spain, Greece ranks with 20, 
followed by France with 8. 

In all cases, Spanish olive oil produced under 
a PDO must be of superior category—specifi-
cally, extra virgin olive oil (EVOO) — and the 
certified product must meet the specifications set 
out by the European Commission in the EU’s 
legal register of names of agricultural products 
and foodstuffs “eAmbrosia”1. However, the fact 
that a product is certified by a PDO does not 
necessarily imply a homogeneous origin price, 
as it is noted in the case of coffee (Conley and 
Wilson, 2020). On the contrary, there are sig-
nificant differences, which affect the income of 
olive producers and also the effectiveness of the 
PDO as an instrument of differentiated quality 
and economic growth of the territories in which 
they are located. Specifically, in 2021, the aver-
age price at origin of EVOO with PDO Priego 
de Córdoba reached 12.36 €/kg, while the corre-
sponding price of EVOO with PDO Montes de 
Granada was 2.82 €/kg.

Based on the data provided by the Spanish 
Ministry of Agriculture, Fisheries and Food 
(MAPA) on different variables for the PDO-cer-
tified olive oil sector, data published by the 

1 https://ec.europa.eu/info/food-farming-fisheries/food-safety-and-quality/certification/quality-labels/geographi-
cal-indications-register/.

RCs of the different PDOs in Spain and the ar-
guments drawn from the literature review, this 
research aims, firstly, to analyse the heteroge-
neity in the average price of the PDO EVOO 
produced in the different territories between 
2008 and 2021 and, secondly, using panel data 
methodology, to examine how the price paid at 
origin for the product is influenced by the age 
of the PDO, the production volume, the orienta-
tion towards international markets, the number 
of companies registered in the RC that produce 
and sell olive oil and the development of oleo-
turism activities. This research contributes to a 
better understanding of the effects of the EU’s 
agri-food product quality policy, extending the 
existing evidence in several directions. In par-
ticular, the study aims to determine the factors 
that positively and negatively influence the price 
at origin of PDO EVOO produced in Spain. In 
contrast to much of the research on olive oil 
PDOs in Spain, Italy, Greece or Turkey, which 
largely consists of qualitative studies dealing 
with specific cases (Erraach et al., 2014; Egea 
and Pérez, 2016; Morillas and García-Quero, 
2022; Kizos and Vakoufaris, 2011; Nizam, 2017; 
Tempesta and Vecchiato, 2019), this paper offers 
an aggregated view of the olive oil agro-industry 
with PDO-certified quality in the country that 
is the world’s leading supplier of this foodstuff. 
The results obtained provided conclusions on 
the sector as a whole, which are useful for de-
cision-making by companies and RCs, as well 
as by national and supranational institutions, 
such as the national government or the Europe-
an Commission, whose actions and policies are 
aimed at the entire olive oil agro-industry.

2. Related literature and hypotheses

Geographical indications are linked to the no-
tion of territory, under the assumption that the 
special quality and characteristics of an agri-food 
product are determined by the geographical place 
from which it originates (Gade, 2004; Bingen, 
2012; Bowen and Mutersbaugh, 2014; Conley 

Figure 1 - EVOO from Spain with PDO.

Source: MAPA (2023b).

https://ec.europa.eu/info/food-farming-fisheries/food-safety-and-quality/certification/quality-labels/geographical-indications-register/
https://ec.europa.eu/info/food-farming-fisheries/food-safety-and-quality/certification/quality-labels/geographical-indications-register/
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and Wilson, 2020). Roquefort cheese, Argan oil, 
French champagne, Mexican tequila, Galapagan 
island coffee or Darjeeling tea have qualities or 
a reputation derived specifically from their place 
of origin, which differentiate them in the market 
(WIPO, 2021; Zinsli, 2023; Besky, 2014). Like-
wise, EVOO has qualities derived from its place 
of production, influenced by specific local factors 
such as the variety of olive grown in the territory, 
the oil production system or the climate or type of 
soil, there being a link between the product and 
its origin, which is perceptible in its attributes and 
can influence consumer preferences (Caporale et 
al., 2006; Espejel et al., 2008, Kalogeropoulos 
and Tsimidou, 2014).

The main advantage of the system of valua-
tion and protection of PDOs/PGIs and Tradi-
tional Specialty Guaranteed created by the EU 
in 1992, revised in 20062, 2012 and 2024, is that 
their production parameters or standards are 
published in a single harmonized register. The 
label or seal that certifies the product’s quality 
informs consumers about it, as governmental 
and non-governmental institutions endorse the 
process that verifies the real origin of the prod-
uct, the specific raw materials used and the tradi-
tional technical procedure applied in its produc-
tion in a specific territorial area (Resano et al., 
2012; Mutersbaugh et al., 2005; Moschini et al., 
2008). Such certification can give the producer 
an exclusive right to use the label, in principle 
offering a clear advantage over other produc-
ers (Teil, 2017; Sgroi and Modica, 2022). PDO 
foods are produced following specific process-
es, linked to local culture and traditions dating 
back at least 25 years (Sgroi and Modica, 2022). 
The valorization process starts with a clear 
definition of the values that revolve around the 
product, including its history, the identification 
of the geographical area in which it is produced, 
the process followed and the particularity of the 
territorial resources used (Mariani et al., 2022). 
The combination of these elements determines 
the product’s characteristics and enhances the 

2 The Council of the European Union. Council Regulation (EC) No 510/2006 of 20 March 2006 on the Protection 
of Geographical Indications and Designations of Origin for Agricultural Products and Foodstuffs. 2006. Available 
online: https://eur-lex.europa.eu/eli/reg/2006/510/oj (accessed on 6 November 2020).

reputation of products from the defined area, al-
lowing producers to employ differentiation strat-
egies, as argued by Altomonte et al. (2016). 

Food certification by the RC favorably in-
fluences the quality perceived by the consum-
er (Aytop and Çankaya, 2022; Toma et al., 
2023). The consumer’s knowledge of the cer-
tified product has a negative influence on the 
perceived risk and a positive influence on sat-
isfaction (Fandos Herrera and Flavián Blanco, 
2011), contributing to their preference for the 
certified food and willingness to pay a premium 
price (Aytop and Çankaya, 2022; Van Ittersum 
et al., 2007; Van Zyl et al., 2013; Albayram et 
al., 2014). This in turn boosts the value of the 
product, the producers’ income and the eco-
nomic development of the territory (Crescen-
zi et al., 2022; Poetschki et al., 2021). Based 
on the reviewed arguments, it can be stated 
that the age or number of years a product has 
been marketed with the PDO label positively 
influences the potential consumer’s knowledge 
of that food and, in parallel, its valuation and 
the price they are willing to pay. Therefore, the 
longer the PDO certifying the quality of the 
EVOO has been in effect, the more well-known 
it becomes, which favourably affects demand 
and, consequently, the price at origin. The hy-
pothesis posed is as follows:

H1. The number of years that the EVOO has 
been marketed with the PDO label has a positive 
influence on the price at origin of the product.

The quality of the agri-food product asso-
ciated with its certification by a PDO/PGI is 
perceived in many cases by consumers in other 
countries, fostering the growth of sales in inter-
national markets, both in traditional destinations 
such as EU countries and in new markets out-
side the EU, and is associated with higher prices 
(Raimondi et al., 2020; De Filippis et al., 2022). 
Such an effect is commonly seen in wine sector 
(Galati et al., 2017, Lubinga et al., 2020), es-

https://eur-lex.europa.eu/eli/reg/2006/510/oj
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pecially French wines (Agostino and Trivieri, 
2016), but also in cheese sector (Duvaleix et al., 
2021), bourbon (Zhang et al., 2023) or olive oil 
(Menapace et al., 2011). However, other stud-
ies are less conclusive and vary according to the 
country of export destination (Sorgho and Larue, 
2014) or the type of product (Chilla et al., 2020). 
In line with the studies of Raimondi et al. (2020) 
and De Filippis et al. (2022), The sale of part 
of the AOVE-PDO production in international 
markets, both in EU countries and the rest of the 
world, increases the demand for the product and 
positively impacts the price paid at origin. Based 
on this, the hypotheses posed are as follows:

H2. The value of sales in EU markets has a pos-
itive influence on the price per kilogram of PDO 
EVOO paid at origin. 

H3. The value of sales in non-EU markets has a 
positive influence on the price per kilogram of 
PDO EVOO paid at origin.

PGI and PDO certification can play a role 
in driving the local development of rural areas 
(Bonanno et al., 2020; Crescenzi et al., 2022), 
thus fostering the growth and diversification of 
the local economy toward higher value-add-
ed sectors, including gastronomy and tourism 
(Arjona-Fuentes and Amador-Hidalgo, 2017; 
Ciani et al., 2019; Hadelan et al., 2021). Tour-
ists, in many cases city dwellers, value the 
quality certification represented by the PDO/
PGI label and have shown a greater willing-
ness to pay a higher price than local consumers 
for the certified product (Marcoz et al., 2016, 
Sgroi and Modica, 2022). In addition, when 
they return to their place of origin, tourists may 
want to continue consuming these traditional 
food and beverage products (Alamanos et al., 
2013; Folgado-Fernandez et al., 2019), posi-
tively influencing demand (Pulido-Fernández 
et al., 2022). Based on the reviewed research, 
it is deduced that the purchase of AOVE-PDO 
by tourists visiting the production area or by 
those with whom they interact (family, friends, 
acquaintances, etc.) increases the product’s 
recognition outside the region of origin, which 
positively affects demand and, in parallel, the 

price paid at origin for this food. Therefore, the 
following hypothesis is proposed:

H4. When companies registered in the RC of 
the PDO are involved in olive oil tourism activ-
ities, which attract citizens from other cities and 
countries, contributing positively to the price at 
origin of the product.

Spain, Italy and Greece, three EU countries, 
which account for 64.17% of world olive oil 
production in the 2021/2022 campaign, do not 
share a single market for this foodstuff, which 
leads to differences in the price per kilogram 
(kg) of virgin olive oil depending on the country 
of origin, as confirmed by Emmanouilides et al. 
(2014) and Panagiotou and Stavrakoudis (2023). 
The same situation is observed at the national 
level, particularly in Spanish PDO EVOO. In 
this country, the olives produced for milling are 
predominantly rainfed (MAPA 2023a) and the 
price charged by the producer depends on the 
yield of the fruit, its quality (Gutiérrez-Salcedo 
et al., 2016; Mozas and Parra, 2018) and, above 
all, the total volume of production in each season 
in the sector as a whole. This amount is directly 
linked to the climatic conditions experienced in 
the different stages of the agricultural process in 
the different production areas (Rodrigo-Comino 
et al., 2021; Arfaoui et al., 2021), with an in-
verse relationship between the total number of 
tons produced in the sector and the price per kg 
paid to the producer. Thus, a higher volume of 
production increases the available supply and 
negatively affects the price paid at origin. Ex-
trapolating this evidence to the Spanish olive 
oil agroindustry with differentiated quality, the 
following hypothesis is established, which in-
versely links two variables: tons of AOVE-PDO 
produced and the value at origin of the product. 
The following hypothesis is formulated:

H5. A higher production of AOVE-DOP increas-
es the available supply, negatively affecting the 
price paid at origin for the product.

European regulations on quality regimes for 
agri-food products establish that PDO EVOO 
must be bottled in the area where it is produced. 
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This requirement breaks with the strategy fol-
lowed by most of the mills located in rural areas 
of origin, which sell most of their supply in bulk, 
to be bottled and sold outside the territory where 
it is produced (Mozas-Moral, 2020; Gutiér-
rez-Salcedo et al., 2016). The bottled PDO 
EVOO can be sold directly from the mill, but 
also through third-party trading companies reg-
istered in the RC of the PDO. In principle, a larg-
er number of trading companies can have a direct 
effect on competition at origin and, therefore, on 
the price paid per kg of PDO EVOO. The works 
of Bonnet and Bouamra-Mechemache (2016) 
and Orsini et al. (2020) on organic products 
confirm a greater bargaining power of producers 
over retailers for products with the organic label, 
which positively influences the price perceived 
by the producer. In the case of AOVE-PDO, the 
bargaining power of olive mills over companies 
that only engage in commercial activities may 
have a direct effect on competition at origin, 
positively influencing the price paid per kg of 
AOVE-PDO. Based on this reasoning, the fol-
lowing hypothesis is proposed:

H6. A higher number of trading companies reg-
istered with the PDO Regulatory Council has a 
positive influence on the price at origin of PDO 
EVOO.

3. Material and methods 

3.1.  Information and data

The statistical information comes mainly from 
the report: “Data on Protected Designations of 
Origin (PDO) and Protected Geographical Indi-
cations (PGI) of Agri-Food Products”, which is 
prepared each year by the Subdirectorate Gener-
al for Food Quality Control and Agri-Food Lab-
oratories of the General Directorate of the Food 
Industry (MAPA) in collaboration with the Reg-
ulatory Councils of Protected Designations of 
Origin and Protected Geographical Indications 
and similar entities. The time period of analysis 
is determined by MAPA’s publication of data on 
the different variables: number of PDOs, num-
ber of industries, production, economic value of 
production and exports. In the case of EVOO, 

there is no PGI in Spain recognized by the Com-
mission that registered production during the 
time period considered, so the study focuses on 
the productive and commercial activity between 
2008 and 2021, both included, of 22 PDOs with 
activity in each of the years considered. These 
PDOs are the following: Aceite Campo de Mon-
tiel, Aceite Campo de Calatrava, Aceite de a Al-
carria, Aceite de Mallorca, Aceite de Navarra, 
Aceite Terra Alta, Aceite Terra Alta, Aceite del 
Baix Ebre-Montsià, Aceite del Bajo Aragón, An-
tequera, Baena, Estepa, Les Garrigues, Montes 
de Granada, Montes de Toledo, Montoro-Ada-
muz, Poniente de Granada, Priego de Córdoba, 
Sierra de Cádiz, Sierra de Cazorla, Sierra de 
Segura, Sierrra Mágina and Siruana. PDOs that 
have not produced in two or three consecutive 
years, such as Aceites de la Comunitat Valencia-
na, Aceite de la Rioja, Aceite de Lucena, Aceite 
de l`Empordà, Aceite Monterrubio, Aceite Sierra 
del Moncayo and Gata-Hurdes, are not included.

The EU eAmbrosia Register provides infor-
mation on the year the PDO was approved by 
the competent national body. Likewise, the in-
formation published by the RCs and the different 
entities registered in each PDO (mills, bottlers 
and trading companies) indicates whether or not 
they carry out oleotourism activities.

It should be noted that the information record-
ed in official statistics is in some cases incom-
plete or based on estimates, since, as Török et 
al. (2020) and different studies carried out by 
AND-International (2012a, 2012b) have shown, 
there is limited availability data to evaluate the 
effectiveness of EU PDOs/PGIs.

The dependent variable is the average price 
paid at origin per kg of PDO EVOO each year by 
the entities registered in the RC of the 22 PDOs 
considered, between 2008 and 2021. The deter-
minants are specified in Table 2.

3.2.  Panel data analysis 

The aim of the study is to identify the factors 
that influence the average price paid at origin per 
kg of PDO EVOO, by carrying out an analysis of 
the relevant variables and testing the association 
between the independent variables and the de-
pendent variable. The study sample consists of 
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data from the 22 PDOs between 2008 and 2021. 
This time period was chosen due to the unavail-
ability of data from 2021 onwards. A descriptive 
analysis of the variables was performed, as well 
as a panel data analysis, following the method-
ology applied in previous articles (Gallego-Vale-
ro et al., 2018). The dependent variable in the 
model is the value of PDO EVOO, defined as 
the average price paid at origin of PDO EVOO, 
expressed in euro per kg. The six explanatory 
variables, which are presented in Table 1, were 
selected according to the hypotheses set out in 
the previous section. The following equation 
tests the relation between the independent vari-
ables and the dependent variable:

PDO-EVOOvalueit = αit + α1Ageit +  
+ α2Exports-EUit + α3Exports-nonEUit + 

+ α4Olive-oil-tourismit + α5Certified-prodit +  
+ α6 Olive-oil-trading-compit + αeit

where: 
PDO-EVOOvalueit: is the price paid at origin per 
kg of PDO EVOO each year by the companies
α1Ageit: age of the PDO or years since its ap-
proval
α2Exports-EUit: value of production exported to 
EU-28 countries
α3Exports-nonEUit: value of production export-
ed to countries outside the EU-28
α4Oleotourismit: development of oleotourism 
activities
α5Certified-prodit: volume of production certi-
fied by the PDO

α6 Olive-oil-trading-compit: number of olive oil 
trading companies registered in the PDO
α: estimated coefficients
Finally, αit measures the influence of other ex-
ogenous variables not included in the model, and 
αeit is the error term.

A panel data approach is appropriate due to 
the inclusion of time periods and the likely pres-
ence of unobserved individual effects. The use 
of this technique has multiple advantages, such 
as the fact that it reduces collinearity between 
variables, enables the construction of more 
complex models, eliminates or reduces bias 
in results when aggregating information, and 
identifies and evaluates effects not detected by 
cross-sectional or time-series analysis (Baltagi, 
2005). However, drawbacks include problems 
with design and data collection, cross-sectional 
dependence and short time series. Stata software 
was used for the analysis.

4.  Results 

4.1.  Descriptive analysis

Table 3 shows the descriptive statistics of the 
different variables considered. First and fore-
most, the high degree of dispersion in these 
variables stands out, particularly in the case of 
exports to the EU and non-EU countries. The 
minimum value registered is 0, representing no 
commercial activity in these destinations; by 
contrast, amounts of more than 15 million eu-
ros are registered for all the entities registered 

Table 2 - Definition of variables.

Age Age of the PDO or years since its initial approval, indicative of its history

Exports-EU
Value of production that all the entities registered in the RC export each year 
to EU-28 countries (in 2021, the UK was considered a member of the EU), 
expressed in millions of euros.

Exports-nonEU
Value of production that the set of entities registered in the RC exports each 
year to countries outside the EU-28—which allows for less dependence on 
the local and national market—expressed in millions of euros.

Oleotourism
Development of oleotourism activities by some of the entities registered 
in the RC, which promotes familiarity with the product among consumers 
outside the territory; a dummy variable.

Certified production Volume of production certified by the RC each year, which quantifies the 
supply available each year, expressed in tons.

Olive oil trading companies Number of olive oil trading companies registered in the PDO.
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in the Baena PDO or Les Garrigues PDO. At the 
same time, the volume of PDO-certified produc-
tion registers a minimum value of 0 tons, due 
to years with adverse weather conditions or the 
producers’ decision; on the contrary, the high-
est volume of PDO-certified production is 62.03 
tons. For the period as a whole, the average price 

paid at origin was 4.53 €/kg, with a coefficient of 
variation of 47.65%.

Figure 2 shows the percentage share of the 
different PDOs in the total production of PDO 
EVOO in Spain in 2008 and 2021. Two facts 
stand out. First, the high volume of supply con-
centrated in the PDO Baena, which accounts for 

Table 3 - Descriptive statistics of the variables.

Variables Observations Mean Coefficient 
of variation Minimum Maximum

Mean price (Y) 308 4.53
(2.16) 47.65 2.19 15.90

Age (X1) 308 4,229.26
(8439.98) 199.56 0 25.00

Production (X2) 308 11.87
(6.01) 50.65 0 62.03

Exports-EU (X3) 308 0.56
(1.43) 252.16 0 15.02

Exports-nonEU (X4) 308 0.73
(2.03) 278.31 0 15.61

Oleotourism (X4) 308 0.59
(0.49) 83.34 0 1.00

Olive oil trading companies (X5) 308 15.59
(12.08) 77.52 1 45.00

Source: Own elaboration based on MAPA (2023a), MAPA (2023b), eAmbrosia and the information from the RCs.

Source: MAPA (2023b).
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Figure 2 - Distribution by PDO of differentiated quality EVOO produced in Spain in 2008 and 2021 (in %).
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Table 4 - Average price paid at origin per kg of certified EVOO in the different PDOs of Spain between 2008 
and 2021.

 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Aceite 
Campo de 
Montiel

3.52 2.60 2.80 2.20 2.60 3.73 3.68 3.70 3.71 3.90 3.80 2.99 3.01 3.81

Aceite 
Campo de 
Calatrava

6.67 5.75 5.82 4.95 3.50 3.25 3.39 3.82 4.59 4.66 4.48 3.96 4.45 4.29

Aceite de La 
Alcarria 4.44 5.50 5.62 3.18 2.97 3.49 3.32 3.85 4.58 5.91 6.56 5.13 4.68 5.55

Aceite de 
Navarra 3.69 4.00 4.25 4.40 4.22 4.21 4.09 4.60 4.19 3.99 4.02 3.14 3.18 3.41

Aceite de 
Terra alta 4.30 4.00 3.80 3.90 4.00 3.80 4.00 3.92 3.82 4.50 4.61 4.50 4.61 4.80

Aceite del 
Baix Ebre-
Montsiâ

4.55 4.47 3.90 3.91 4.75 5.03 5.01 5.83 5.51 5.60 4.86 5.53 5.52 5.63

Aceite de 
Mallorca 10.65 12.10 10.41 11.88 12.81 12.59 13.08 11.93 15.80 15.90 15.71 11.84 11.64 11.04

Aceite del 
Bajo Aragón 4.00 3.75 3.30 3.20 4.00 4.00 4.51 4.20 3.56 3.50 3.50 3.50 3.50 3.60

Antequera 3.21 3.21 4.08 3.74 4.16 4.58 4.19 5.37 4.19 3.74 3.26 2.36 2.43 3.26
Baena 4.26 2.94 2.87 2.87 2.79 4.30 4.80 5.00 4.00 4.20 5.70 5.50 4.80 5.00
Estepa 3.20 3.50 3.00 3.80 4.00 4.40 5.00 4.80 5.00 4.30 3.30 2.60 2.78 2.90
Les Garrigues 4.80 4.80 4.59 3.24 4.47 4.47 4.47 4.58 3.45 3.60 5.24 5.24 3.83 4.22
Montes de 
Granada 2.98 2.98 2.35 2.76 4.55 2.57 2.78 3.46 3.87 5.10 5.09 2.31 2.54 2.82

Montes de 
Toledo 3.51 3.40 3.52 3.51 4.00 4.11 4.25 4.70 4.81 5.21 6.80 6.50 7.21 7.29

Montoro-
Adamuz 5.79 5.81 5.00 4.47 3.25 3.36 3.30 5.71 5.83 5.22 4.00 3.60 3.60 3.60

Poniente de 
Granada 3.46 4.16 3.48 3.30 2.53 3.00 3.03 3.91 3.48 4.11 3.60 2.61 2.51 3.23

Priego de 
Córdoba 3.10 3.40 3.40 3.40 5.10 5.10 5.75 5.75 5.75 6.80 6.80 6.80 10.49 12.36

Sierra de 
Cádiz 3.00 2.60 2.38 2.50 2.80 2.71 2.75 2.88 3.29 3.63 3.59 3.66 3.80 4.02

Sierra de 
Cazorla 2.80 2.40 2.60 2.60 4.25 4.00 4.25 6.00 6.00 6.50 6.00 2.60 2.80 3.19

Sierra de 
Segura 4.00 4.01 4.01 4.02 3.54 3.67 3.84 5.05 5.16 6.05 6.04 6.04 3.68 4.19

Sierra 
Mágina 3.00 3.50 3.00 3.30 3.00 3.60 3.80 4.01 3.64 4.40 3.50 3.10 3.70 4.05

Siurana 4.40 4.40 4.40 4.40 4.40 4.00 4.21 4.40 5.00 5.00 5.00 4.38 5.00 5.00
Max 10.65 12.10 10.41 11.88 12.81 12.59 13.08 11.93 15.80 15.90 15.71 11.84 11.64 12.36
Mín 2.80 2.40 2.35 2.20 2.53 2.57 2.75 2.88 3.29 3.50 3.26 2.31 2.43 2.82
Average 4.24 4.24 4.03 3.89 4.17 4.27 4.43 4.88 4.97 5.27 5.25 4.45 4.53 4.87
Coef 
variation 40.55 47.32 42.66 49.29 49.58 46.18 46.76 36.48 51.56 48.64 49.75 48.44 53.07 50.33

Source: MAPA (2023b).
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37.22% of the total in 2021, followed by the PDO 
Montes de Toledo (13.14%) and Sierra Mágina 
(9.27%). A second group, with a percentage of the 
total between 3% and 8%, includes A. Montiel, 
Estepa, Les Garrigues, Priego de Córdoba, Sierra 
de Cazorla, Sierra de Segura and Siruana. The rest 
register a production in 2021 of less than 1,700 
tons. Secondly, there are contrasting trends: some 
PDOs increase their weight in the total national of 
volume of certified EVOO, including A. Campo 
de Montiel, Baena and Montes de Toledo, Priego 
de Córdoba and Sierra de Segura; conversely, in 
many other cases the share of the certified volume 
in 2021 is lower than in 2008. This is the case 
in A. Campo de Calatrava, A. de Navarra, A. de 
Terra Alota, Montes de Granada, Sierra de Cádiz 
and Sierra Mágina.

Table 4 presents the average value per kg of 
AOVE-DOP paid at origin in Spain between 
2008 and 2021 across the 22 PDOs analysed. 
The data first confirm the overall upward trend 
of the variable, reaching an average value of 
€4.24/kg in 2008 and €4.87 at the end of the pe-
riod. However, the increase varies significantly 
across different cases, and in seven instances 
(A. De Campo de Calatrava, A. de Navarra, A. 
del Bajo Aragón, Estepa, Les Garrigues, Mon-
tro-Adamuz, Poniente de Granada), the price of 
AOVE-DOP in 2008 was higher than in 2021. 
In contrast, A. de La Alcarria, A. del Baix Ebre-

-Montsià, Mones de Toledo, Priego de Córdo-
ba, and Sierra Mágina show increases of over 
20% in the value of the variable between 2008 
and 2021. Secondly, the significant dispersion 
in the average prices paid at origin is again 
evident, with significant differences depending 
on the geographical location of the production 
area and the conditions that influence both the 
supply and demand of the product in the local 
market, as will be discussed in the next section. 
A. de Mallorca is, by far, the PDO with the hi-
ghest values in every year analysed, reaching a 
peak of €15.90/kg in 2017, compared to a low 
of €10.41/kg in 2010, with its value in 2021 
being €11.04/kg. In contrast, Estepa and Mon-
tes de Granada did not exceed €3/kg in 2021, 
with values of €2.90/kg and €2.82/kg, respec-
tively. This situation raises concerns about the 
business’s viability, as according to Parras et 
al. (2023), the estimated average production 
and packaging cost for the 2020/21 season was 
€3.38/kg.

Figure 3 shows the distribution of Spanish 
PDO EVOO exports among the different PDOs 
considered, both to the EU and to countries out-
side the EU in 2021. Although Baena, with a 
high volume of production, accounts for almost 
40% of total exports to the EU and 32.84% of 
exports to countries outside the EU, the large 
share corresponding to Priego de Córdoba is 
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striking, both in sales to the EU and to non-EU 
countries. Also significant is the prominence of 
Siruana in sales of PDO EVOO to countries out-
side the EU, and, on the contrary, the minimal 
presence of Sierra Mágina in total exports, with 
this PDO being the source of just 9.27% of the 
total certified production in Spain in 2021.

4.2. Panel data

Table 5 shows the results of the estimations, 
using the feasible generalized least squares mod-
el (FGLS). The model is estimated using data 
from 22 entities, with a total of 308 observa-
tions, for the period 2008 to 2021. The optimum 
model is chosen by testing a number of econo-
metric models to identify the best one: 

a) Pooled data estimation, Random Effects (RE) 
and Fixed Effects (FE) models. First, the mod-
el is estimated with pooled data, comparing it 
with the RE model. To know whether to use the 
RE model or the clustered data model, Breusch 
and Pagan formulated the test known as the La-
grange Multiplier Test for RE. The null hypoth-
esis of this test is that the variance is equal to 
zero. If the test is rejected, there is a difference 
between the model estimated with pooled data 
and the RE model, and it is preferable to use 
the RE method. As can be seen in Table 5, the 
p-value indicates that the null hypothesis can be 
rejected; therefore, the RE are relevant, and it is 
preferable to use the RE estimation rather than 
the pooled estimation. The same applies when 
using the FE model. The F test for the signifi-
cance of the FE is used to assess whether this 
model or the pooled model is preferable. The 
p-value indicates that we can reject the null hy-
pothesis, making the FE method more preferable 
than the pooled model.

b) FE vs. RE model. The FE model is another 
way to model the “individual” nature of each 
state. This model does not assume that the dif-
ferences between states are random, but rather 
constant or “fixed.” Once estimated, the Haus-
man test is used to choose between the FE model 
and the RE model. The null hypothesis of the 
Hausman test is that the RE and FE estimators 

do not differ significantly. If the null hypothesis 
is rejected, the estimators do differ, and the con-
clusion is that FE are more appropriate than RE. 
In this case, as Table 5 shows, the null hypoth-
esis is not rejected; therefore, it is preferable to 
use the RE method. 

c) Detection of problems in the model. Once 
the RE model has been chosen, it is necessary 
to check for the existence of autocorrelation, 
heteroscedasticity and contemporaneous cor-
relation problems to correct them if their exis-
tence is confirmed. To control autocorrelation 
or first-order serial correlation we need to apply 
the Wooldridge test, for groupwise heterosce-
dasticity the modified Wald test has been used 
and the Breusch-Pagan test for cross-sectional 
independence (for contemporaneous heterosce-
dasticity). The null hypothesis of this tests is 
that these problems do not exist. Table 5 shows 
the absence of autocorrelation (Wooldridge test) 
and heteroscedasticity (Wald test). However, the 
Breusch-Pagan test for cross-sectional indepen-
dence shows that the correlation matrix of re-
siduals is singular, meaning it is not possible to 
use this test. In this case, the Pesaran’s test for 
cross-sectional independence has been used, as 
it is a valid alternative, robust, and can be used 
to assess autocorrelation in panel data models, 
especially when the model has a complex struc-
ture that could lead to issues in estimating the re-
sidual correlation matrix. Table 5 indicates that 
it is necessary to correct the contemporaneous 
correlation. 

d) FGLS: preferred model. The detected problems 
can be solved jointly with Feasible Generalized 
Least Squares (FGLS) estimators, or with Panel 
Corrected Standard Errors (PCSE). To solve the 
contemporaneous correlation in this case, the 
FGLS model is applied, since it is the recom-
mended option for RE (Andreß et al., 2013). 

The variables capturing age, exports to non-
EU countries and oleoturism are all significant at 
5%. The variable certified production is also sig-
nificant at 5%, showing a negative relationship 
with the average price paid at origin per kg of 
PDO EVOO. All of them confirm the expected 
relationship. 
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 - The variables age and certified production 
both present a strong and significant rela-
tionship with the dependent variable, sup-
porting hypotheses 1 and 5.

 - Exports to non-EU countries and oleotour-
ism have a direct impact on the average 
price paid for PDO EVOO. Hypotheses 3 
and 4 are thus confirmed. 

 - Finally, there are two variables with a 
non-significant relationship with the de-
pendent variable, which are exports to EU 
countries and number of olive oil trading 
companies, meaning that hypotheses 2 and 
6 are not supported. 

5. Discussion 

The quality policy for agricultural products 
and foodstuffs in the EU, established in Regu-
lation (EU) No 1151/2012, which regulates the 
PDO regime, aims to highlight the attributes 

of these products as a result of the agricultural 
techniques used, processing methods or place 
of origin (Mutersbaugh et al., 2005; Moschini 
et al., 2008). This differentiated quality should 
contribute to the producers receiving a higher 
price at origin for their harvest (Poetschki et al., 
2021). Spain, the world’s leading producer of 
olive oil, had 29 PDOs in this sector in 2021, 
22 of which have been continuously developing 
their production and commercial activity since 
2008. In this country, the average paid at ori-
gin for PDO EVOO presents important differ-
ences depending on the origin of this foodstuff 
(García-Moral et al., 2023). This paper studies 
the variables that may influence this situation.

The analysis supports hypotheses 1, 3, 4 and 5. 
On the contrary, hypothesis 2, on exports to the 
EU, and hypothesis 6, referring to the number of 
olive oil trading companies registered in the PDO 
RC are not supported, because these variables 
are not found to have a significant influence. The 

Table 5 - Panel data estimates.

PDO-EVOOvalue
FGLS

Coef. Z P-value
Age 0.04 3.21 0.001
Exports-EU - 0.03 -1.83 0.068
Exports-nonEU 0.16 9.29 0.000
Olive-oil-tourism 0.98 2.25 0.024
Certified-prod - 0.01 -4.42 0.000
Olive-oil-trading-comp - 0.01 -0.58 0.564
Constant 3.53 25.42 0.000
Observations 308
N. of entities 22

Breusch and Pagan Lagrangian 
multiplier test for RE

Chi2(1) = 1102.25
Prob > chi2 = 0.0000

F test for FE F(4,282) = 13.08
Prob > F = 0.0000

Hausman test Chi2(4) = (b-B)’[(V_b-V_B)^(-1)](b-B) = 3.17
Prob>chi2 = 0.53

Wooldridge test F(1, 21) = 74.341
Prob > F = 0.0000

Wald test Wald chi2 (22) = 5060.97
Prob>chi2 = 0.00

Pesaran’s test 5.445, Pr = 0.0000

Source: Own elaboration.
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development of oleotourism activities in the pro-
duction area helps to improve visitors’ familiarity 
with the product. This means that tourists—from 
other regions in Spain or other countries—are 
well aware of the specific characteristics of the 
product, learn to value them (Folgado-Fernández 
et al., 2019) and are willing to pay a higher price, 
which in turn has a positive impact on the aver-
age price at origin. These results coincide with the 
arguments made by Marcoz et al. (2016) for the 
case of Fontina cheese. Additionally, oleotourism 
helps to diversify the activity of olive oil mills 
and improve their total income (Arjona-Fuentes 
and Amador-Hidalgo, 2017).

The age of the PDO, and therefore its history, 
contributes to the dissemination of knowledge 
about the differentiating features of the food and, 
specifically, among those consumers interested 
in buying the product, this knowledge makes 
them more willing to pay a higher price, as con-
cluded by Van Ittersum et al. (2007), Van Zyl et 
al. (2013) and Albayram et al. (2014). Likewise, 
the fact that part of the PDO-certified production 
is destined for markets outside the EU contrib-
utes positively to the price at origin. Countries 
outside the EU that receive Spanish exports of 
PDO EVOO include economies with a high per 
capita income, such as the USA, Japan, Switzer-
land, South Korea and Canada (Menapace et al., 
2011) and also other high middle-income coun-
tries such as China, Brazil and Mexico, where 
there is a growing demand for this food, large-
ly justified by the health benefits it offers (Mili 
and Bouhaddane, 2021). The positive relation-
ship identified between exporting PDO EVOO 
to non-EU countries and the average price paid 
at origin aligns with the research results of Rai-
mondi et al. (2020).

The fact that the variable “export to the EU” 
is not significant may be due to three different 
situations or realities that, together, determine a 
limited role of demand in EU partner countries 
and, simultaneously, the lack of influence of this 
component on the value at origin of the product. 
On the one hand, in countries with a long tra-
dition of producing PDO EVOO—such as Italy 
and Greece—consumers may prefer the local 
product to the one imported from Spain (Aprile 
et al., 2012; Perito et al., 2019), negatively in-

fluencing the price they are willing to pay for the 
foreign product, which has an impact on the price 
of Spanish PDO EVOO at origin. On the other 
hand, in non-producing EU countries or those 
with low levels of olive oil production—such as 
Germany, the United Kingdom or France—Ital-
ian olive oil is more prevalent (Tasdogan, 2005; 
Pomarici and Vecchio, 2013; Ali et al., 2018), 
which can negatively influence the degree of 
knowledge, appreciation and willingness to pay 
for the Spanish PDO EVOO. Lastly, it is worth 
taking into account the lower tradition of PDO 
food consumption in in Northern and Eastern 
European countries (Krystallis et al., 2017; Kos 
Skubic et al., 2018), which negatively influenc-
es the import of these types of products (Sorgho 
and Larue, 2014).

Contrary to the arguments put forward by Bon-
net & Bouamra-Mechemache (2016) and Orsini 
et al. (2020) for organic food producers, in the 
Spanish olive oil agroindustry with PDO labels, 
there is no confirmation of greater market power 
by the olive mills (producers) over the retail en-
tities that only commercialize the product, which 
would positively influence the price perceived by 
producers at origin. The diversity of situations 
across the PDOs in the sector helps to explain 
these results. In some cases, the majority of the 
product is distributed and sold directly by the pro-
ducers or an entity they are associated with, with 
no companies solely dedicated to bottling and 
commercializing the product. This is the case for 
A. Campo de Calatrava, A. Campo de Montiel, A. 
de la Alcarria, Sierra de Segura, or Estepa. In the 
latter case, there are 17 olive mills registered in 
the PDO, with 2 companies responsible for com-
mercializing the entire product, both domestically 
and internationally. In contrast, the PDO Baena, 
the largest in national production, has 19 regis-
tered factories and more than thirty bottling and 
marketing companies. However, further research 
in this area is warranted.

Among the 22 Spanish PDOs of AOVE that 
form the basis of this research, there are signif-
icant differences, including in their size, reg-
istered olive grove area, number of registered 
agricultural, industrial, and commercial pro-
ducers, production volume, market diversity in 
which their offer is commercialized, and the age 
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of the PDO. However, the analysis developed 
in the preceding pages allows us to affirm that 
certain variables, both on the demand side and 
the supply side, condition the price paid at or-
igin for AOVE certified by a PDO in Spanish 
territory. On the demand side, this includes the 
consumer’s knowledge of the product, which is 
enhanced by the PDO’s temporal history and the 
presence of olive tourism activities in the pro-
duction area. On the supply side, the commercial 
activity carried out by PDO operators in distant 
markets outside the EU has a favourable influ-
ence, while the production volume has a nega-
tive effect on the product’s price at origin.

6. Conclusions

In Spain the price paid per kg of PDO EVOO 
shows wide dispersion, with variations ranging 
in 2021 from 12.36 €/kg in the PDO Priego de 
Córdoba to 2.90 €/kg. for the EVOO from the 
PDO Estepa. Based on the data provided by 
MAPA, the information from the RCs of the 
PDOs and using panel data analysis, this study 
aims to identify the variables that influence the 
price. The results obtained allow to conclude that 
the price paid at origin for this foodstuff is pos-
itively influenced by oleotourism in the produc-
ing areas, which promotes familiarity with and 
knowledge of the certified product; the ongoing 
tradition of the PDO, maintained year after year 
through a strict control procedure for which the 
RC is responsible; and the sale of PDO-certified 
EVOO outside the EU. On the other hand, ex-
ports to EU markets, which are closer but more 
competitive and where the Italian product is the 
most sought-after and increases in the volume 
of production in the PDO do not lead to higher 
prices at origin.

Several economic implications can be drawn 
from the results. First of all, the production ef-
forts needed to achieve a certified quality food 
must be accompanied by a clear promotion and 
marketing strategy from the place of origin. It 
is only consumers’ familiarity with the product 
that will build their trust, set the product apart 
from others, and make them willing to pay a pre-
mium price, which will influence the price paid 
at origin. Secondly, it is advisable to take advan-

tage of promotion linked to oleotourism. To this 
end, it is essential to collaborate with local com-
panies that run this type of activity and even to 
implement actions in this field from RCs. Final-
ly, it is a priority to direct part of the production 
towards markets outside EU, where the demand 
for EVOO is growing, offering an opportunity to 
take advantage of this dynamic market.

The main limitation of this study is that it uses 
data aggregated by PDO, which are published 
each year by the MAPA in collaboration with 
the RCs. The information gathered has allowed 
an analysis of the sector as a whole, although 
it does not consider particular aspects of the 
different PDOs, which should be dealt with in 
further research. In this respect, future research 
on the determinants of the price paid at origin 
for PDO EVOO should seek to exploit microda-
ta obtained from entities certified by a PDO. An 
analysis in this direction could complement the 
understanding of the mechanisms governing the 
price paid at origin for products of differentiated 
quality. Despite this limitation, this study con-
tributes to the knowledge on the PDO-certified 
olive oil sector in the world’s leading supplier of 
this foodstuff.
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