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Implementing the European Green Deal and transforming agricultural practices requires

a wider and amplified policy toolbox. As many sustainability considerations are

context-dependent, there is a need for instruments, which take individual characteristics

of production landscapes into account. Food products with a particularly strong

relationship to their landscape of origin can be marketed under the “Protected

Designation of Origin” label (PDO). In this article, we analyze synergies between

PDO production and regional sustainable development by assessing to what extent

social-ecological landscape characteristics appear in landscapes with PDO-labeled food

production systems. Building upon 12 social-ecological variables we defined three

landscape characteristics influential for the presence of PDOs by using a principal

component analysis. By running regression models combining those characteristic

landscapes with the spatial distribution of PDO certification we were able to

explore linkages between landscapes and products. Additionally, a geographically

weighted regression delivered insights into the regional differences and product-specific

relationships throughout the EU countries. Overall, we could prove the assumed positive

correlation between PDO production and ecologically valuable landscapes. Further,

we showed that mostly meat PDOs coincide with landscapes influenced by structural

change, while cheese PDOs are not well captured by our models despite their large

number. We can conclude that PDOs have the potential to jointly support conservation

and rural development, especially when they would be tied to sustainable management

standards in the future.

Keywords: geographical indications, labeling, landscape labels, cultural landscapes, high nature value farming,
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INTRODUCTION

Agricultural food products are linked to the social and ecological
conditions of the production systems they originate from
(Andersson et al., 2015; Oteros-Rozas et al., 2019). Some
prominent food products even constitute central characteristic
elements of particular iconic landscapes, bearing a deep relation
with the local traditions of landscape stewardship (Mann and
Plieninger, 2017). While both the European Green Deal and its
Farm to Fork strategy aim for a sustainable transformation of
European agricultural landscapes, the green architecture of EU
policies is still limited and ineffective (Pe’er et al., 2020). Aside
from the Common Agricultural Policy (CAP), private labels
and value chain-based incentives represent an unused potential
for supporting sustainable production. The EU has developed a
“Geographical Indications” scheme (GI), providing the option to
register products under the “Protected Designation of Origin”
(PDO) label or the “Protected Geographic Indication” (PGI) label
(European Council, 1992, 2012) and thus legally protect their
names. The PDO label certifies the highest standard for products
to be linked with the geography, landscape, traditions, and food
culture of their production system, making them a landscape
label (Ghazoul et al., 2011). PDOs are widespread over European
agricultural landscapes, with a particularly high representation
in Mediterranean countries (European Commission, 2020b).
Without being designed for this purpose, PDOs were found
suitable for supporting sustainable forms of production, such
as agroforestry systems (Flinzberger et al., 2020). Uneven
distribution patterns of PDOs across Europe however indicate
that potential synergies between PDO systems and sustainability
efforts vary across product types, geographical location, or social-
ecological context.

Definitions of PDOs include strict spatial requirements for
producing and processing the product, as well as descriptions
of how products and traditional agricultural landscapes are
connected (Kizos and Vakoufaris, 2009). The associated EU
regulation states the following requirements for any PDO: “[. . . ]
“designation of origin” is a name which identifies a product: (a)
originating in a specific place, region or, in exceptional cases, a
country; (b) whose quality or characteristics are essentially or
exclusively due to a particular geographical environment with its
inherent natural and human factors; and (c) the production steps
of which all take place in the defined geographical area” (European
Council, 2012). Thus, besides its function as protection of
intellectual and cultural property (May, 2016), the PDO label
is also meant to transmit landscape values to consumers
(Vakoufaris et al., 2014). Meanwhile, the requirements for PGIs
are less strict. Product characteristics are less tightly bound to the
geographic environment, animal feed can be sourced in distant
regions or countries, with only certain production or processing
steps being linked to the designated area. Hence, we focus this
study solely on PDO products due to their stronger linkage with
landscape characteristics. In terms of causal relationships, it is
difficult to determine whether agricultural management practices
such as PDOs have shaped the landscapes or vice versa. Instead,
a co-evolutionary process (Quiñones-Ruiz et al., 2018) between
landscapes and products appears to be sensible.

The potential of PDOs to contribute to sustainable
development will depend on their ability to induce and support
suitable management practices. While some characteristics of
successful PDO production have been described as inherently
sustainable (Lamarque and Lambin, 2015; Egea and Pérez y
Pérez, 2016), they were not designed to be sustainability labels
in the first place. Existing studies on PDOs have mainly focused
on analyzing the cultural and economic history of “Geographical
Indications” (Clark and Kerr, 2017; Fournier and Michel, 2017;
Török and Moir, 2018). Despite these efforts, we still lack a
better understanding of how individual product types interact
with landscapes of origin and to what extent they can assure
sustainability safeguards. The potential of the PDO scheme
for contributing to the implementation of EU’s sustainable
development targets, such as those indicated in the European
Green Deal or its Farm to Fork strategy (European Commission,
2020a), will depend on its ability to actively shape the underlying
landscape-production system (Tashiro et al., 2019). To assess
the PDO’s potential for supporting sustainability, we need
to better understand the synergies between social-ecological
trajectories in PDO-certified landscapes and different dimensions
of sustainability.

To this end, this article analyses how different PDO types
are linked to certain social-ecological landscape indicators. For
this purpose, we have used a spatially explicit dataset of all 638
food PDOs registered across the EU and linked them to their
location on the NUTS-3 level. In addition, we have selected
12 social-ecological indicators available on the same scale,
representing environmental and social-economic states and
trends. We have then performed a principal component analysis
and identified three distinguishable social-ecological landscape
types (landscapes of high ecologic value, landscapes characterized
by structural change, and landscapes of high cultural-touristic
value). Based on these landscape types, considering the PDOs’
geographical distribution and splitting them up into four
different product categories (meat, cheese, oils, fresh crops), we
calculated multi-linear hurdle regression models. These models
allowed us to assess to what extent specific PDOs correlate
with the predefined landscape types, distinguishing between
the Mediterranean and non-Mediterranean countries. Finally,
we analyzed under-performing and over-performing regions
in terms of PDO production with regard to the expected
distribution from a geographically weighted regression model.

Our research design was based on the following three
assumptions about the leverage points that PDO production
offers for sustainable landscape management:

1. Landscapes providing high ecological values have stronger
potentials for producing PDO-labeled quality food products.

2. PDO products are associated with rural, less populated regions
and can act as entry points for rural development strategies.

3. Given the first two hypotheses, we assume that PDOs are
suitable tools to combine the ecological and social aspects of
sustainable landscape management.

To examine these assumptions, we apply a holistic understanding
of social-ecological sustainability. In the methods section, we
explain how we have derived three landscapes of distinct
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characteristics by using a principal component analysis (PCA),
and how we build a regression model from those landscape types
together with the spatial PDO data. In the results, we present
the outcome of our regression models and the quality of those
models, including an additional geographically weighted model.
Finally, we discuss the implications of those results for using
PDO products successfully within the EU’s agriculture policy and
conclude with a recommendation for initiating a sustainability-
oriented PDO+ label.

MATERIALS AND METHODS

A Dataset of European PDO Products
In preparation for this research, we mapped the geographical
extent of all European food products labeled under the “Protected
Designation of Origin” (PDO). The original data was retrieved
from the eAmbrosia database of the European Commission,
where the geographical extent of each product had to be extracted
from the legal documents (PDF text files). We included all 638
food PDOs registered by 31st July 2020 but did not include wine
products. As explained above, we consciously decided to not
include any PGI products, because their production is not linked
closely enough to a certain landscape. Due to practical reasons
and data availability, the extent of all PDOs was mapped at the
local NUTS-3 scale (EU’s territorial units for statistics). Many
statistical datasets at EUROSTAT are available at this scale or
the regional NUTS-2 scale, but rarely at finer scales. Hence, for
merging a dataset of PDO-data and social-ecological indicators
(see below), suitable for a multi-linear regression, the NUTS-3
scale was the optimal choice.

The final dataset revealed the geographical extent of any
PDO product using the boundaries of the European NUTS-
3 regions. Counting the number of PDO products linked to
any given NUTS-3 region we calculated the so-called “PDO-
score” for all EU NUTS-3 regions (Figure 1). This means that
PDOs with geographical areas larger than a single NUTS-3
region were added to the score in each corresponding NUTS-
3 region (original PDO data in Supplementary Material). As
presented in Table 1 and visualized in Figure 1, the PDOs are
not evenly distributed over Europe, but eight Mediterranean EU
countries (PT, ES, FR, IT, SI, HR, GR, CY) are home to 542
of 638 PDO-labeled products. Also in terms of product types,
the number of registered PDOs varies significantly. Five major
product categories account for themajority (85%) of all registered
PDOs: “fresh meat,” “processed meat,” “cheese, oils and fats,”
and “fruits, vegetables, and cereals.” Both meat categories were
merged into one sample and are further referred to as “meat
PDOs,” while the category of “fruits, vegetables and cereals” is
called “fresh crops” from here on.

Variables Explaining Hotspots of PDO
Production in Europe
To approach our hypotheses about the landscape relations of
PDOs we selected 12 variables covering a broad range of social-
ecological characteristics. The variables covered indicators for
ecological values, the state of conservation, cultural and touristic
values, demographic situation and development, socio-economic

FIGURE 1 | Range of the PDO-score across all NUTS-3 regions in Europe.

The PDO-score represents the number of PDO products that are allowed to

be produced in any given NUTS-3 region. The score ranges from zero to 16

with easily recognizable hotspots in some Mediterranean countries.

TABLE 1 | Categories of PDOs according to the European eAmbrosia database

with separate numbers for the Mediterranean and non-Mediterranean countries,

data extracted by 31st July 2020.

Total EU Mediter. non-Mediter.

PDOs PDOs PDOs

Fresh and processed meat 80 67 13

Cheeses 192 160 32

Oils & fats 118 116 2

Fruits, vegetables and cereals 151 130 21

Other products of animal origin 37 31 6

Fresh fish 12 5 7

Other products (spices, etc.) 30 20 10

All other categories 18 13 5

Total 638 542 96

Two meat categories (fresh and processed) were merged into one.

aspects, and average farm sizes. The data was retrieved mainly
from the official databases of EUROSTAT or EEA (Table 2).

The proportion of “High Nature Value Farmland” (HNVF)
and the share of NATURE 2000 areas were used as indicators
for a high environmental value as they reflect efforts of
nature conservation. The number of different Corine
landcover classes (“Corine landcover richness”) and the
share of semi-natural farmland (three selected Corine classes:
“agroforestry,” “agricultural land with nature areas,” and
“complex agricultural patterns”) were used as indicators for
a diverse and multifunctional agricultural landscape. The
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TABLE 2 | List of all original social-ecological variables used for the PCA analysis.

Social-ecological variables Range Unit Source Year

High Nature Value Farmland 0–81.0 % of total area EEA: eea.europa.eu/.../high-nature-value-farmland 2012

Natura 2000 0–75.0 % of total area EEA: eea.europa.eu/data-and-maps/data/natura-11 2019

Corine landcover richness 0–41.0 no. of classes COPERNICUS: land.copernicus.eu/.../corine 2018

Semi-natural farmland 0–53.9 % of total area COPERNICUS: land.copernicus.eu/.../corine 2018

Tourism beds 0–3,67,400 no. of beds EUROSTAT: eurostat.ec.europa.eu/...tour_cap 2011

UNESCO world heritage sites 0–9 no. of sites UNESCO/WHC: whc.unesco.org/en/syndication 2013

Population density 2–21,000 pop. per km2 EUROSTAT: eurostat.ec.europa.eu/...demo_r_d 2018

Median age 18.1–55.5 years EUROSTAT: eurostat.ec.europa.eu/...demo_r_pjan 2019

Five-year migration rate (2013–2018) −14.5–17.0 % of population EUROSTAT: eurostat.ec.europa.eu/...demo_r_pjangrp 2018

GDP per capita 3,100–5,01,600 Euros EUROSTAT: eurostat.ec.europa.eu/...nama_10r_3gdp 2016

Youth unemployment* (15–24 a) 0–30.1 % of population EUROSTAT: eurostat.ec.europa.eu/...fst_r_lfu 2019

Average farm size* 0–274 ha UAA1 EUROSTAT: eurostat.ec.europa.eu/...aareg 2016

Variables marked with * were available at NUTS-2 level and scaled to NUTS-3.

numbers of “tourism beds” and the “UNESCO world heritage
sites” were selected to reflect the cultural-touristic value of a
given region. “Population density,” “median age,” and a “5-year
migration rate” (2013–2018) were chosen as indicators for the
demographic trend. The two indicators “regional GDP per
capita” and “youth unemployment” (between age 15 and 24)
were selected to represent the economic situation. Finally, we
included the “average farm size” as a regional indicator for
the level of industrialization of the agricultural sector. The
environmental and cultural variables are proven indicators
within the context of sustainable landscape management and
conservation. Considering the socio-demographic variables,
they are even more frequently used in various kinds of
socio-economic assessments.

Where possible, we used data provided at the NUTS-3 level
to match the spatial scale of the mapped PDO products later on.
Data available only at the NUTS-2 level (youth unemployment,
and avg. farm size) was scaled down, assuming all subordinated
NUTS-3 areas to have the same value as the higher-level NUTS-2
region. A larger set of social-ecological variables has been tested
for their direct correlation with the presence of PDO products.
From this pre-test, only variables that showed a relevant and
significant correlation with PDO presence were chosen. For
example, the “organic farming” indicator was not significantly
correlated and thus not used in this regression analysis.

Extraction and Interpretation of Relevant
Factors
Weperformed a principal component analysis (PCA) in Statistica
to reduce the complexity of the initial set of variables. The
explorative PCA for all EU states, including 12 social-ecological
variables, revealed three components that represented more
than half of the variance within the original variables. By
considering components with an eigenvalue above one, the three
components combined explained 53% of the total variance. This
step—the extraction of relevant components—can be seen as
a form of correlation analysis, when treating the component
loadings of each variable as the correlation of the component

TABLE 3 | Loadings for three components (C1–C3),that were derived from a

principal component analysis of 12 social-ecological variables.

Component loadings

Component 1 Component 2 Component 3

High Nature Value Farming 0.72 −0.17 −0.13

Natura 2000 areas 0.59 0.03 0.10

Landcover richness (CLC) 0.75 −0.14 0.32

Semi-natural farmland 0.58 −0.22 −0.28

UNESCO sites 0.29 −0.41 0.49

Tourism beds 0.26 −0.41 0.61

Population density −0.53 −0.49 −0.14

Median age 0.34 0.69 0.28

5-year migration rate −0.62 −0.40 0.20

GDP per capita −0.58 −0.34 0.21

Average farm size (km²) −0.30 0.50 0.47

Youth unemployment 15–24 0.61 −0.36 −0.19

Eigenvalue of the component 3.49 1.81 1.26

Variance explained (%) 29.07 15.09 5.30

High positive loadings are marked green, high negative loadings are marked orange,
always with regard to the loadings within one component.

with the original variable (Table 3). From the PCA we found
which original variables were particularly “correlated” with
which of the newly computed components—either negative or
positive—and which variables jointly loaded onto the same
component. Hence, based on those combinations of positive
and negative component loadings we interpreted the three
components as three distinguishable social-ecological landscapes
of different characteristics.

Regression Models for Count and
Zero-Inflated Data
For testing the effect of the aforementioned components on the
number of PDOs per NUTS-3 region, we employed regression
models. Each region represented one observation (n= 1,348). As
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our dependent variables were count data and displayed an excess
of zero values, we used regression models specifically designed
for this type of data called “hurdle models” (similar to generalized
linear models [GLM]). Hurdle models combine two model types.
The “zero-model” predicts the probability of occurrence of any
count > 0 with a logistic regression model (GLM with logit
link function). The “count-model” is a zero truncated regression
model for the number of counts based on all observations with
counts > 0. The predicted number of counts is yielded by
combining (multiplying) the predicted probability of occurrence
from the zero-models (the “hurdle”) with the predicted counts of
the count-models (Mullahy, 1986; Cameron and Trivedi, 2013).
For the count-model, we used a GLM with a negative binomial
error distribution to account for over-dispersed count data in our
data set.

As predictor variables in our models, we used the component
scores (C1, C2, C3) from the PCA (see geographically weighted
regreession). The components represented different complex
landscape characteristics derived from the correlation structure
of the 12 initial socio-ecological variables. The component
scores were standardized prior to the regression analyses to
make regression coefficients better comparable with respect
to effect sizes. As all components were derived from a
PCA, they were uncorrelated, hence multicollinearity was
no problem.

Additionally, we included a dichotomous covariable
MEDITERRANEAN indicating whether a region was situated
in a Mediterranean country (1, n = 347) or not (0, n = 1,001).
To account for the possibility of modeling different responses
of PDOs to the components in the Mediterranean vs. non-
Mediterranean regions, we included the interactions between
MEDITERRANEAN and the component variables C1–3.
We started with a full model containing all components and
their interactions with MEDITERRANEAN and subsequently
reduced the models by stepwise omitting non-significant
interactions or components. Non-significant components
were retained if their interactions with MEDITERRANEAN
were significant.

We fitted our models with the hurdle() function from
the “pscl” package in R (R Core Development Team, 2020).
We used maximum likelihood estimation and BFGS iterations
for optimization (Zeileis et al., 2008; Jackman, 2020). In
multiple linear regression, model fit is usually reported with
R squared (R2), calculated from sums of squares. As this
does not apply to GLM models with a non-normal error
distribution, we calculated the squared correlation coefficient (r)
of predicted vs. observed counts as an equivalent measure for
the hurdle model fit. Moreover, we calculated the Nagelkerke-
(or Cragg-Uhler-) pseudo-R squared-value (Nagelkerke, 1991)
to assess the fit of the zero-model alone [function pR2(),
package pscl].

We calculated five different regression models: one for the
total number of PDOs, and one for each of the four PDO
categories. The hurdle() function then estimated the coefficients
for the zero model and the count-model separately, which are
both relevant for interpretation. The regression coefficients
of the zero-model indicate the effect size of the four variables

(C1–C3 and covariable MEDITERRANEAN) for having at least
one PDO in a given NUTS-3 region. The regression coefficients
of the count-model provide information about their effect on
the actual numbers of PDOs. The regression coefficient for
the covariable MEDITERRANEAN indicates to what extent
the presence (zero-model) and number (count-model) of
PDOs are generally differing between Mediterranean and non-
Mediterranean regions, irrespective of the components’ effects.
A significant component-MEDITERRANEAN interaction
indicates that the individual effect of the respective component
on PDOs is significantly different between the Mediterranean
and non-Mediterranean countries.

Geographically Weighted Regression
The hurdle regression models helped to understand the influence
of the three components on PDOs of different food categories.
However, it did not consider the geographic distribution of
PDOs in relation to each other. In theory, a regression model
would be able to predict the outcome for unknown cases but
that was not the intention nor the capacity of the hurdle
models results. Because the hurdle model did not consider
the values in a geographical sense (i.e., it does not include
the information about a neighboring NUTS-3 region), and
because we mapped the entirety of all 638 food PDOs, a
predictive model was not what we aimed for by computing
the hurdle models. In other words, there was no geographically
explicit information about the relation between predicted and
observed PDO frequency. To find out if certain types of PDOs
were over-represented or under-represented in some regions
of Europe, we applied a geographically weighted regression
(GWR) in ArcGIS (under /spatial statistics toolbox/modeling
spatial relationships). The GWR tool computed a local linear
regression—so by using this tool we traded the hurdle model’s
ability to deal with zero-inflated data for the benefit of having the
geographical information represented within the model. Again,
the component scores were used as independent variables and
the PDO score as the dependent variable. The GWR results
yielded a local regression model for each NUTS-3 region.
From the results, we then checked the local coefficients of
determination (R2) which ranged between 0.1 in Northern
Europe and 0.7 in theMediterranean region. But more important
we used the standardized residual values (StdResid) for making
further interpretations. The standardized residual values were
of particular interest because they told the difference between
the observation (number of PDOs present) and the models’
estimation (how many PDOs were expected to be present). We
further used this value to visualize where PDOs of different food
categories are over-represented or under-represented according
to the GWRmodel.

RESULTS

Interpretation of the Principal Components
We interpreted the three revealed components in terms of
their social-ecological landscape features, based on the variables
with strong positive or strong negative loadings (Table 3). The
visualizations below (Figures 2–4) showcase NUTS-3 regions

Frontiers in Conservation Science | www.frontiersin.org 5 January 2022 | Volume 2 | Article 752377

https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/conservation-science#articles


Flinzberger et al. Geographical Indications Support Sustainable Development

that particularly contributed to the positive (highest quintile)
or negative (lowest quintile) expressions of the respective
component and its underlying interpretation. In order of
declining explanatory power, the three components are described
as follows:

Component 1—Landscapes of High Ecological Value
Component one explained most of the ecological relevant values,
including the highest component loadings for HNV farming,
Natura 2000, landcover richness, and seminatural farmland.
At the same time, lower population densities, lower GDP per
capita, youth unemployment, and negative migration rates had
high loadings on this component too. Thus, we interpreted
the first component as landscapes of high ecological values
with above-average efforts in nature conservation but situated
in socio-economic less favorable regions. Overall, the high
ecological values component held the highest explanatory power
by explaining more than 25% of the total variance of the
dataset. The dark green areas in Figure 2 represented regions
that contributed to the positively loaded variables of component
one—correlated with high natural and ecological values. Those
areas lie almost entirely within the Mediterranean countries.
Small areas with strong negative component scores (orange
regions) contributed to the negatively loaded variables of the
unfavorable socio-economic aspects within component one and
occurred mainly in Germany and South UK.

FIGURE 2 | Relative scores of the first component, showing NUTS-3 regions

that strongly contribute to the positively (green) loaded variables of high

ecological values, or negatively (orange) loaded variables of socio-economic

aspects, in contrast to the indifferent regions (gray). [negative = 1st quintile;

positive = 5th quintile].

Component 2—Landscapes Influenced by Structural

Change
Component two described the development of demographics and
the level of structural change in a given region. High component
loadings for median age and average farm sizes occurred along
with medium to strong negative loadings for population density
and migration rates. The high ecological and cultural values
showed almost entirely negative loadings for this component.
Therefore, we interpreted the second component as landscapes
influenced by structural change (i.e., fewer but larger farms),
going along with demographic decline and cultural deprivation.
At the same time, the economic aspects were less concerning
compared to component one. The structural change component
explained 15% of the total variance of the dataset. The orange
areas in Figure 3 contributed to the negatively loaded variables of
component two, representing the demographic decline aspect of
structural change. They weremore frequent in theMediterranean
region, Sweden, Ireland, Benelux, and marginal regions of
Eastern Europe. Green regions, contributing to the positively
loaded variables within component two (associated with the age
and farm size aspects of structural change) were mostly situated
in the area of former Eastern Germany (GDR), central France,
and the Baltic states.

Component 3—Landscapes of High Cultural-Touristic

Values
Component three represented the cultural values of a given
region as highlighted by strong positive loadings for UNESCO

FIGURE 3 | Relative scores of the second component, showing NUTS-3

regions that strongly contribute to the positively (green) loaded variables, or

negatively (orange), loaded variables related to different aspects of structural

change, in contrast to the indifferent regions (gray). [negative = 1st quintile;

positive = 5th quintile].
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FIGURE 4 | Relative scores of the third component, showing NUTS-3 regions

that strongly contribute to the positively (green) loaded variables related to high

cultural values, or negatively loaded variables (orange), in contrast to the

indifferent regions (gray). [negative = 1st quintile; positive = 5th quintile].

world heritage sites, tourism beds, and a diverse landcover.
Youth unemployment loaded negatively on this component,
although only strong for the Mediterranean sub-sample. Based
on that, we interpreted the third component as landscapes of
high cultural values which were situated in diverse landscapes
with high touristic potentials and associated job opportunities. As
the component with the least explanatory power, high cultural-
touristic values still explained 12% of the total variance of
the dataset. NUTS-3 regions with strong positive scores for
component three (dark green areas) contributed to the positively
loaded cultural and tourism variables (Figure 4). Logically, they
could be found within the typical touristic regions of Europe (e.g.,
Mallorca, Madrid, Rome, Tuscany, Stockholm, Paris, Tyrol, Harz,
South-eastern England, Greek Islands, or Cyprus). The negative
aspects of component three appeared to be not relevant for
a social-ecological interpretation—also the related component
scores extended less far into the negative value range.

Hurdle Regressions Models Against
PDO-Scores
We extracted the component scores of each case (1,348 NUTS-
3 regions overall) and calculated five regression models against
the PDO scores of each product category. Thereby, we treated
the PDO score as the dependent variable and the component
scores of the three landscape types as independent variables,
and added the independent covariable “Mediterranean.” The
hurdle approach differentiated between count-models (number
of PDOs), and zero-models (presence of PDOs) for each of the
five models. Table 4 displays all significant regression coefficients
that resulted from the hurdle regression models (non-significant
variables were removed in the final models and coefficients are

therefore missing). Especially for component one, and partly for
components two and three, the hurdle models revealed some
interesting patterns.While the sample size of non-Mediterranean
NUTS-3 regions was larger (1,001 regions), the amount of zeros
was especially inflated there (771 regions without any registered
PDO). On contrary, in the smaller sample size of Mediterranean
NUTS-3 regions (347 regions), only 31 NUTS-3 regions without
any registered PDOs occurred. Therefore, despite the smaller
sample size, the effect of the covariable “Mediterranean” on
PDOs’ presence and numbers was significantly stronger than the
effects of the variables based on three landscape types (Table 4).
By isolating the effect of this covariable, it was possible to
draw interesting insights from the regression coefficients (b∗)
of the other variables. Beyond that, applying the hurdle model
as a reduced model with interactions, we found out for which
combinations of components and product types there was a
significant difference between the effects within, or without the
Mediterranean region.

For all EU countries and product types combined, the count-
model had a quality-of-fit of R2 = 0.55, which means our model
(including the covariable “Mediterranean”) explains more than
half of the variance in PDO numbers. Also, the corresponding
zero-model explained more than half of the variance of PDOs’
presence (Nagelkerke R2 = 0.51). For the four different PDO
categories, the quality-of-fit ranged between R2 = 0.34 (“fresh
crop” PDOs) and R2 = 0.21 (meat PDOs) (Table 4—upper part).
For the PDO sub-categories, the zero-models had an even higher
quality-of-fit (Nagelkerke R2). That means those four models
explained the presence or absence of PDOs better than their
actual numbers. The covariable “Mediterranean” appeared to be
the strongest overall predictor for the presence of PDOs. The
zero-regression coefficients were high for all PDOs combined
(b∗ = 3.08), so being in the Mediterranean made it much more
likely to have a PDO product in a NUTS-3 area. The values were
similarly high for meat PDOs (b∗ = 2.45) and “oil and fat” PDOs
(b∗ = 3.01), the highest for cheese PDOs (b∗ = 3.65), and the
lowest for “fresh crop” PDOs (b∗ = 1.67).

Besides the covariable “Mediterranean,” component one was
the variable explaining most of the variance in PDO numbers.
With a count-regression coefficient b∗ = 0.31 for all PDOs
combined and even higher count-coefficients for meat (b∗

= 0.55), “oils and fats” (b∗ = 0.64), and “fresh crops” (b∗

= 0.99), landscapes of high ecological values accounted for
a significant increase in PDO numbers. The overall count-
regression coefficients for component two (b∗ = 0.11), and
component three (b∗ = 0.08) were smaller but still significant. For
component two, the zero-models revealed significant differences
between the variable’s effect in the Mediterranean and non-
Mediterranean countries. For all PDOs combined, PDO products
in the non-Mediterranean countries decreased with an increasing
C2 component (b∗ = −0.41, i.e., for landscapes characterized by
structural change), while inMediterranean countries, the number
of PDOs even increased (b∗ = 0.48). A similar pattern with
respect to the C2 component showed up for meat, cheese, and
“oil fats” PDOs (Table 4).

Looking at the four separate models for the product
categories, we found that especially for meat PDOs the
zero-model coefficients were significantly different between
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TABLE 4 | Results from the hurdle model regression analyses, including a measure of model fit for the predictions of PDO product numbers for each hurdle model (R2 as

the squared correlation between observed and predicted numbers), and a measure of model fit of the zero-model for the predicted probability of product occurrence

(Nagelkerke R).

Models’ quality of fit All PDOs Meat Cheese Oils Fresh crops

Model R2 (predicted vs observed

counts)

0.55 0.21 0.34 0.28 0.24

Zero Model R2 (Nagelkerke) 0.51 0.33 0.49 0.50 0.34

Model coefficients (for count

and zero models)

Count Zero Count Zero Count Zero Count Zero Count Zero

Covariable “Mediterranean” (b*) 1.23 3.08 2.45 0.55 3.65 3.01 1.67

C1: landscapes of high non-Medit. 0.31 0.75 0.55 0.96 0.64 1.03 0.99 0.82

ecological value (b*) Mediterranean 0.26

C2: landscapes characterized non-Medit. 0.11 -0.41 0.10 -0.20 -1.06

by structural change (b*) Mediterranean 0.48 0.61 0.56 -0.20

C3: landscapes of high non-Medit. 0.08 0.29 -0.28 0.27

cultural-touristic values (b*) Mediterranean 0.47

Number of cases

(cases = NUTS-3 areas)

546 1,348 191 1,348 325 1,348 133 1,348 189 1,348

Given are regression coefficients of reduced models (b*) for both, the count-model and the zero-model of each product category. Empty cells indicate that the respective variable
was not significant (p ≧ 0.05) and removed from the model. Values printed in bold indicate a significant difference between the Mediterranean and non-Mediterranean regions (i.e.,
significant interaction).

the Mediterranean and non-Mediterranean regions. While for
component one the effect was larger for the non-Mediterranean
cases (b∗ = 0.96) than for the Mediterranean ones (b∗ = 0.26),
it was the opposite for components two and three (Table 4).
Further, we found that despite the large total number of PDO
products, the number of cheese PDOs could not be explained by
the component scores. Only the covariable “Mediterranean” had
a significant positive effect on the counts. Further, only a small
positive effect of high cultural-touristic values (C3) on PDOs’
presence could be found (b∗ = 0.27), and as reported above, a
diverging effect of variable C2 between non-Medit (b∗ = −0.20)
and Medit. areas (b∗ = 0.56). The count-models for “oil and fat”
PDOs as well as “fresh crops” were only significant for variable
C1 but reported the highest regression coefficients of all count-
models. It is further noteworthy that “oil and fat” PDOs’ presence
(zero-model) was negatively related to landscapes characterized
by structural change (C2), although with a significant difference
between non-Mediterranean (b∗ = −1.06) and Mediterranean
(b∗ =−0.20) regions.

Geographically Weighted Regression
In addition to the purely mathematical regression model
presented above, we calculated a geographically weighted
regression model based on the spatial dataset of the PDOs
and the component scores for each NUTS-3 region. The local
coefficient of determination R2 (quality-of-fit) revealed a clear
gradient running from southwestern Europe with the highest
quality-of-fit (R2 = 0.7) to north-eastern Europe with R2 as
low as 0.1. It revealed above-average R2-values mainly for the
Mediterranean countries plus Ireland and the southwest UK.
As expected, the models’ estimations for PDO presence, worked
better in regions with more PDOs, thus having more data points
to calculate the regression model. From the same GIS tool,

we retrieved a locally calculated standard deviation, explaining
where the observed number of PDOs differed from what the
local regression model would suggest (Figure 5). Overall, the
regions with more PDOs than suggested by the regression model
turned out to be congruent with the European hotspots of PDO
production and thus, proving the basic concept of the current
model. However, the deviation patterns for particular product
types may indicate an unused potential for PDO production
but might also point toward missing model parameters. In
total, there are many more regions where PDO production is
strongly underestimated: As shown in Figure 5, dark green areas
indicating that the observed values lie two standard deviations
above the expected value were more frequent than regions
where PDO production was strongly overestimated (i.e., dark
orange areas indicating that the observed values lie two standard
deviations below the model’s estimation).

DISCUSSION

At a first look, the hurdle models revealed three noteworthy
patterns regarding the PDO-landscape relationships. First, we
found a clear positive relation between high-ecological values
(component 1) and an increased number of PDOs. Second,
structural change (component 2) had a significantly different
influence on PDOs in theMediterranean and non-Mediterranean
countries. While it was associated with an increase of PDO
presence in the Mediterranean, structural change was linked
to a decrease of PDO presence in the non-Mediterranean
countries. Third, the presence and numbers of meat PDOs
were significantly different between the Mediterranean and
non-Mediterranean countries as well. To analyze the regional
differences properly, we introduced a covariable “Mediterranean”
to account for the dominance of Mediterranean countries
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FIGURE 5 | Difference between the observed and expected numbers of PDOs according to the geographically weighted regression model. The difference is

displayed in terms of standard deviation and differentiated by PDO product types. This visualization shows, that depending on the product type, there are differences,

where the regression under- or over-estimates the presence of PDOs.

in PDO production. From the hurdle model, we used
both, the zero-model values (analyzing the PDOs’ presence),
and the count-models (analyzing all cases with at least
one PDO).

Landscape Characteristics in Relation to
PDO Food Categories
To investigate differences among certain PDO product types
(according to product categories of the PDO scheme), we
calculated hurdle models for the four most frequent categories
(meat, cheese, oils and fats, and fresh crops) against the respective
numbers of PDOs. While PDOs in total appeared to benefit
most from high ecological values and measures of conservation,
the picture got more differentiated when looking at particular
types of PDO food products, thus the interpretation got
more nuanced:

(a) Meat PDOs
In contradiction to the overall picture, the occurrence of meat
PDOs was positively linked to structural change (C2). At
the same time, the occurrence of meat products was slightly
positively linked to landscapes of cultural-touristic values (C3).
The presence of non-Mediterranean meat PDOs was predicted

much better by component one, than for Mediterranean meat
PDOs. Further, according to the count-model, meat PDOs
were less associated with the high ecological values (C1) than
“oil and fat,” and “fresh crops” PDOs. These characteristics
might imply that meat PDOs have a strong potential to
help build up regional landscape marketing and to sustain
traditional agro-economic activities within a region (Coutinho
et al., 2021). Still, systems dominated by meat PDOs could
suffer from ecological and socio-economic deficits. Thus, they
could be supported, for example through agri-environmental
programs, or with rural development strategies specifically in
the Mediterranean countries. The negative linkage between the
presence of PDO-labeled non-Mediterranean meat and cultural-
touristic landscapes (C3) points toward a mismatch between
the traditional cultural values of the PDO products and the
current landscape management practices. On contrary, within
the Mediterranean region, high cultural values (C3) were a good
indicator for the presence of meat PDOs. This link might be
explained by the importance that the Mediterranean diet had
on landscape management over centuries (Padilla et al., 2012;
Petrillo, 2012). Thus, we assume that Mediterranean meat PDOs
could be role models for meat production in traditional and
social-ecological valuable systems.
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(b) Cheese PDOs
Despite cheese being the most frequently used category among
PDO labels, our models showed the least explanatory power for
cheese PDOs. The only significant coefficients for cheese PDOs
told us, that—just as for meat PDOs—Mediterranean cheese
PDOs were positively linked to landscapes characterized by
structural change (C2). For cheese PDOs, the non-Mediterranean
products were even slightly negatively associated with structural
change landscapes (C2). Further, cultural-touristic values (C3)
had a slightly positive influence on the presence of cheese PDOs.
Considering the large total number of cheese PDOs (192 of 638
PDOs), at a first view, it seemed surprising that for this particular
sub-sample the models revealed so little significant information.
One explanation might be, that within the cheese category there
are a few dominant products with extraordinarily high annual
trading volumes (Chever et al., 2012) and large production
areas. Thus the real-world influence of cheese PDOs might be
dominated by mass-products like Feta, Parmigiano Reggiano, or
Comte and therefore we were not able to identify strong linkages
of cheese to particular social-ecological landscape characteristics.
The top cheese PDO-producing countries are Greece, Italy, and
France. The famous PDO-labeled cheese products (such as Feta,
Parmigiano Reggiano, or Comte) are produced there and have
high trading volumes (e.g., up to 200,000 tons annually for
Parmiggiano Regiano). Therefore those products may be closer
to industrial goods than landscape products (Chever et al., 2012).
Small-scale cheese PDOs, which more often could be related
to remote agricultural sites or mountainous areas presumably
have little overall influence on landscape management. Also, it
appears, that for cheese products it is more common to join a
geographic indication label for the pure reason of earning the
premium price, to keep existing businesses alive (Lamarque and
Lambin, 2015).

(c) Oil and fat PDOs
“Oil and fat” PDOs followed the overall pattern of all PDOs
combined as their presence was best explained by high ecological
values (C1). Also here, the presence of non-Mediterranean
products was strongly negatively linked to structural change
(C2). Also, Mediterranean “oil and fat” PDOs were negatively
linked to structural change (C2), but less strongly. This can
probably be explained by the dominance of the Mediterranean
countries in olive oil production (olive oils being the dominant
product within this category). The cultural-touristic values (C3)
were not significantly linked to PDO-labeled “oil and fat”
products, which is surprising because olive oil products are,
besides cheese and meat products, particularly famous for being
PDO-labeled. They are heavily used for regional marketing and
there have been scientific studies on this topic coining the
term “olive oil tourism” (La Millán-Vazquez de Torre et al.,
2017; Folgado-Fernández et al., 2019). Therefore, we assume
a mismatch between the perceived cultural-touristic value of
olive oil production and the real-world impact on touristic
attractiveness. There are aesthetically valuable terraced olive
landscapes, but the majority of olive production takes place at
rather large and uniform plantations. For that reason, we suggest
improving the PDO-landscape relationship by programs that

counteract the abandonment of remote or less profitable sites.
By making the production of real landscape-shaping products
profitable, ecological and cultural values can be preserved at the
same time (Egea and Pérez y Pérez, 2016).

(d) Fresh Crops and Vegetable PDOs
The model results for the PDO category “fruit, vegetables and
cereals” (fresh crops) were of singular nature. It appeared that
among all product categories “fresh crop” PDOs showed to
strongest positive linkage with ecologically valuable landscapes
(C1). In this category, no significant difference between
Mediterranean and non-Mediterranean cases appeared. We
explain those results with the crop-like management of products
within this category and with their relatively low tendency
to accumulate in hotspots or to form clusters (Figure 5).
Nevertheless, having no significant coefficients for components
two and three also means that there are no relevant negative
associations of “fresh crop” PDOs with structural change (C2),
neither with cultural-touristic values (C3). It appears, that
“fresh crop” PDOs (compared to other product categories) are
highly targeted to landscapes of high ecological values (C1), but
randomly distributed with regard to the other two components.
To make the value of “fresh crop” PDOs more holistic it seems
necessary to improve their role in a cultural-touristic context
and to make them more profitable for producers in remote
rural regions (i.e., generating income). As PDO-labeled fruits,
vegetables, and cereals, in particular, compete with organic-
labeled products (Marescotti et al., 2020) it seems sensible to
focus on re-valorizing those PDOs as culturally attractive assets.
PDO-labeled “fresh crop” products should not try to compete
with their mass-produced counterparts. If promoted better, they
could be used as high-quality ingredients in local kitchens, and
for premium-priced processed food.

PDO Hotspots—Potentials and Challenges
Within the EU, PDO products are much more prevalent in
the Mediterranean countries and tend to form particularly
pronounced hotspots in certain regions. In this study, we looked
for the reasons behind this uneven distribution by analyzing
which social-ecological landscape characteristics coincide with
the production of PDOs. Besides the findings on product-
type-dependent linkages with landscape characteristics, we also
wanted to know where PDO products occurred both more or less
often than estimated by our regression models. Figure 5 shows
which regions in Europe seem to overperform or underperform
in terms of PDO production, indicating accentuated distribution
patterns for separate categories of PDO products. From this
visualization of overperforming and underperforming regions,
we draw two messages:

Acting on the PDOs’ Uneven Distribution in
Europe
Overall, the models revealed a relatively clear and uniform
picture. Being in a Mediterranean region, had the largest
positive effect on the presence of PDOs, and ecological valuable
landscapes were positively linked to PDO production. On the
contrary, landscapes characterized by structural change were,
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overall, negatively linked to the presence of PDOs. However,
when looking at the count models’ coefficients for the covariable
“Mediterranean” the picture becomes more nuanced: It appears,
that the number of meat PDOs is more strongly linked to
the Mediterranean region than for any other product category.
And while the pure presence of cheese PDOs (zero-model)
is best explained by the covariable “Mediterranean,” the effect
on the number of PDOs (count-model) is the lowest among
all categories. Meanwhile, the number of “oil and fat” as well
as “fresh crop” PDOs is not significantly influenced by the
covariable “Mediterranean.” This points toward a highly uneven
distribution of PDOs of different categories in Europe. The
green and orange clusters in Figure 5 visualize this uneven
distribution and display the differences among the four product
categories. The observed clusters of overperforming regions
might have emerged from traditional landscape management
systems or production methods (Bérard and Marchenay, 2006).
For example, the areas which overperform in terms of oil
and fat PDOs are mostly situated along the Mediterranean
coast—hosting the traditional landscapes of olive cultivation.
Meanwhile, in northern Europe PDOs only play a small role
in food production. Therefore, we claim that PDOs probably
will never be evenly spread across Europe because of regional
environmental advantages or historical-traditional differences.

The European Union considers the geographical indications
(GI) scheme (including the PDOs), to be a supporting instrument
for rural development (European Commission, 2020a). To do
so, they not only need to incentivize sustainable practices within
the existing production systems, but they also have to promote
the geographical indication schemes—especially in the non-
Mediterranean regions and markets. For example, we found
that our regression model predicted at least some presence of
cheese PDOs in southern Denmark (Figure 5). Instead, there
are no PDOs registered in Denmark. This, however, cannot
be explained with the absence of traditional food culture, but
more reasonable with a low relevance of PDOs in the Danish
market. Studies on Denmark find a general disinterest for PDOs
from consumers and producers (Goudis and Skuras, 2021), and
higher market shares of the competing organic products segment
(European Commission, 2018, 2019). This example somehow
proofs the concept and function of the geographically weighted
regression model: Because given the frequent milk production
in southern Denmark and the existence of well-known Danish
PGI cheese products (e.g., Esrom or Danbo cheese), it appears
realistic that also cheese PDOs could emerge from those
landscapes. However, having the positive relationships of PDO
production and landscape management in mind, rural regions
could profit from strengthening the existent PDO products’
situation or adopting the PDO label for existing traditional
products (Escribano et al., 2020).

Using Plant-Based PDOs’ for Improving
Sustainability
Different sub-regions of the overall PDO hotspots are specialized
in certain product types. For example, in France, northern Italy,
and northern Greece, we found green clusters of overperforming

areas in terms of cheese PDO production. Specifically for cheese,
most of the produced volume appears to concentrate within very
few high-turnover products related to industrial and intensive
production systems. Meanwhile, overperforming areas of oil and
fat PDOs, as well as fresh crops PDOs, are spread more widely.
Given the surplus of “overperforming” regions, we assume that
some of the PDO hotspot areas may operate close to their
productive potential, which seems obvious given the limited
spatial extent of any PDO (Vandecandelaere et al., 2018). This
potential limitation might only be a product-specific limit within
a certain region. For example, regions overperforming in terms
of meat PDOs (such as central Portugal) might have additional
potential for fresh crops PDOs. For incentivizing the registration
of new PDO-labeled products, it appears sensible to focus on
the plant-based categories, such as “oil and fat” or “fruits,
vegetables, and cereals” (fresh crops), when transitioning toward
multifunctional landscapes. So far, plant-based products were
less attractive for being registered as PDOs because they are
often sold as raw products or in a less processed form with
lower added values. This could be improved by supporting plant-
based products in general, or more specifically by indicating and
promoting the use of raw PDO products in further processed
foodstuff. Finally, more high-quality plant-based products are
necessary to transform diets and agricultural production toward
more healthy and sustainable systems (Röös et al., 2017; Willett
et al., 2019; Gerten et al., 2020).

Limitations and Outlook
Although the selection of variables was meant to be
comprehensive in a social-ecological sense, we cannot claim that
the 12 initially selected variables fully represent the landscapes or
regional systems, nor can they reflect all aspects of sustainability.
That is because from the beginning our selection of variables
was meant to specifically reflect social-ecological aspects of
geographically protected food products and their respective
landscapes of origin. Anyhow, for our aim to explore the
relations between landscapes and products, the models worked
well. The regression models’ quality-of-fit was rather satisfying
for such complex systems that we tried to model. We retrieved
several significant regression coefficients and thereby were able
to reveal tendencies that were plausible within the bigger picture.

For further research, we see two interesting pathways to
follow. On one hand, it will be insightful to investigate the current
Mediterranean PDO hotspots in-depth and to gain empirical
field data about the landscape-product relationship, probably
measured in terms of ecosystem services (Ghazoul et al., 2009;
Belletti et al., 2015; Lamarque and Lambin, 2015). Regarding
the existing PDOs, it appears necessary to analyze the current
level of their sustainability and how sustainability efforts can be
institutionalized within the European GI scheme (Kizos et al.,
2017). So far, the amendments (i.e., updates) to PDO regulations
submitted by the producer groups do not focus on environmental
issues often but are mostly made to improve the economic
situation (Quiñones-Ruiz et al., 2018). We recommend initiating
a step-by-step transition of the PDO certification toward a
sustainability label.
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On the other hand, it would be helpful to better understand
the reasons for the uneven distribution within Europe, exploring
the influence of food cultural heritage and underlying social-
ecological landscape characteristics. Also understanding the
social and political circumstances under which PDOs are
developed and registered seems crucial (Quiñones-Ruiz et al.,
2016). To promote PDOs in Northern Europe as means of
sustainable landscape management they need to target suitable
landscapes. Thus, the explanatory models for PDO distribution
need to be improved to identify high-potential landscapes for
PDO production. A relevant overlapping with theHNVF concept
seems reasonable but has to be investigated at a local scale.
Given their unclear interaction with demographic and cultural
aspects, we further recommend focusing research more on plant-
based PDO products. While we acknowledge that PDO products
cannot be “invented” from scratch but need a foundation in
local food traditions and management practices, they should be
adapted to changing market situations (Gugerell et al., 2017).

Preserving the “Geographical Origin” Idea
Relating to current policies, we want to highlight that the
Farm to Fork strategy of the European Commission sets out to
transform the European agricultural system into a sustainable
food system and one explicit part of this strategy is the utilization
of Geographical Indications (European Commission, 2020a).
However, the specific meaning of that sustainability goal is
not well-defined (Schebesta and Candel, 2020). As the PDOs’
current legal definitions focus on regionality, food traditions, and
landscape practices, those rules inherently—but not explicitly—
incorporate notions of sustainable and ecologically sound
production (Belletti et al., 2015; Egea and Pérez y Pérez, 2016).
In this sense, PDOs represent a substantial and yet unused
potential to contribute to the implementation of the European
Green Deal with its Farm to Fork and biodiversity strategies.
To keep up with this aspirational goal, it needs a science-based
approach to analyze and monitor the sustainability efforts within
PDO production. Otherwise, the PDO scheme faces the risk of
a market-oriented commodification of its products (Quiñones-
Ruiz et al., 2018; Marescotti et al., 2020).

While we assumed for large parts of this article that
most PDO products are landscape-related and come from less
intensive systems than their non-labeled counterparts, that is
not true for every single registered product (Cozzi et al., 2019).
Also concerning socio-economic sustainability indicators (e.g.,
generational renewal, or food transport miles) PDOs do not
always perform better than comparable non-labeled products
(Ferrer-Pérez and Gil, 2019). There is evidence that some existing
products are not perfectly in line with the central idea of
the basic PDO concept, either given their economic turnover,
geographical extent, or lack of a landscape-quality relationship.
For example, in Italy more than 80% of the annual turnover of GI
products is achieved by only 10 brands (Higgins, 2018), there is
a Czech spice “Ceský kmín” that can be produced in the whole
country, and Feta cheese reaches an annual export volume of
400 million Euros, accounting for the majority of the turnover
of all Greek GI products (European Commission, 2020b). Under
this impression, we recommend a sustainability-oriented fitness

check of the PDOs. This fitness check should refine the current
requirements for labels, may adding sustainability criteria to the
PDO legislation, and re-checking the eligibility and credibility of
existing PDO products’ landscape aspects.

CONCLUSION

With this study, we were able to highlight and differentiate the
potential of PDOs to support sustainable landscapemanagement.
We found that PDOs appear to be a particularly suitable food
labeling strategy in landscapes of high ecological values and
landscapes with a strong representation of conservation areas.
This confirms our first assumption that high environmental
values favor the production of PDOs. Especially plant-based
PDOs seem to interact positively with ecological valuable
landscapes. Structural change is only clearly linked to the
Mediterranean meat and cheese PDOs. Thus, our second
assumption only holds true for this sub-sample. For plant-based
PDO products, we did not observe this effect. Lastly, we consider
our third assumption as proven, with two specifications added:
We argue that Mediterranean PDO products are particularly
good entry points to combine the ecological and socio-economic
aspects of sustainable landscape management. Whereas for
non-Mediterranean PDOs mainly the cultural links should
be strengthened. Although the trends for different product
categories were diverse, we argue that PDOs should be seen as
helpful tools for holistic rural development policies.

Our findings underline the potential of the geographical
indications scheme for implementing the Farm to Fork
strategy and the European Green Deal. We could show that
landscapes hosting PDO-labeled products can also contribute
to the sustainable development agenda, without however
claiming a direct causal linkage. To overcome this uncertainty,
an additional sustainability “add-on regulation” for PDOs
(for example PDO+) could guarantee that sustainability
safeguards are met. To be labeled PDO+, a production
system would need to meet a list of criteria specifying both
sustainable management practices and landscape characteristics.
The resulting sustainable PDOs could be promoted as a tool
for implementing the Farm to Fork strategy and introduce
an additional consumer preference for high-value products. As
many landscapes which yield PDO-labeled products are already
managed using sustainable practices, additional costs to farmers
and administration could be kept low. Additionally, supporting
policies (e.g., provided by the CAP) could particularly support
these certified areas or exclude them from the “conditionality”
for direct payments.

Meanwhile, socio-economic sustainability aspects are not yet
addressed by this certification scheme. However, in regions
with little to no registered products, PDO labeling can offer
additional income opportunities in rural areas, allowing less
intensive production methods to stay economically viable,
and allowing management of cultural landscapes to become
profitable for current and future generations. Given the strong
existing relationship between PDOs and ecological valuable
landscapes, these labels have a high potential for producing
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synergies across different sustainability dimensions including
nature conservation, cultural values, regional identities, and
rural income.
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