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Abstract
Since 2013, the olive landscapes have gradually degenerated due to the spread and establishment of Xylella
fastidiosa subsp. pauca (hereafter Xf) in Apulia, southern Italy. From 2013 to 2019, a total of approximately
54,000 hectares of olive orchards in the south of this region have been seriously damaged, and their restoration will progressively regenerate the economic, social, cultural and environmental nonmarket benefits.
Since there is a willingness to restore the affected landscape in the best interest of the local citizens, this
research aims to predict their preference heterogeneity and willingness to pay (WTP) to improve this landscape and continue research and experimentation in relation to Olive Quick Decline Syndrome Disease
by the bacterium. For this purpose, a choice experiment method is used. The social field survey includes a
representative sample of 683 respondents in three major cities (Foggia, Bari and Lecce) of Apulia region.
The results reveal that for the local citizens interviewed, the most appreciated olive landscape services are
cultural heritage and aesthetic values. In addition, the findings revealed citizens’ positive appreciation of
improving the damaged olive landscape, while respondents are not willing to pay a premium for research.

Copyright Michel Frem et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY
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The results show that the average value that Apulians are willing to pay for landscape restoration is about
5.7 million of € per year. Further, this research has implications for land use planners in the study area,
which faces issues of harmful pathogen management and land revival.
Keywords
alien species, biological invasion impact, choice experiment, economic costs, ecosystem services, environmental changes, social perception, willingness-to-pay

Introduction
Olive-growing is recognized as a multifunctional ecosystem in Italy. It shapes the landscape of the countryside with a particularly visual spatial representation (Lanfranchi
and Giannetto 2012). Furthermore, this aesthetic value is not only the absolute nonmarket feature of this ecosystem, but provides considerable socio-cultural services (Severini 2006), economic effects (Viganò 2006), ecological benefits (Bernetti et al. 2006;
Torquati et al. 2006), and conservation of the agro-biodiversity (Corrado et al. 2011;
Fernández-Habas et al. 2018). However, since 2013, a part of this rural landscape has
increasingly lost these attributes in the Salento Peninsula of Apulia in southern Italy.
Consequently, a total of approximately 22 million plants have been affected and approximately 6.5 million olive trees died (Beck et al. 2019), causing real damage to the
landscape and identity of the study area.
The loss is due to Olive Quick Decline Syndrome Disease (OQDS, previously
known as “CoDiRO”, recently named “De Donno”) (Saponari et al. 2013, 2018)
caused by Xylella fastidiosa subsp. pauca (hereafter Xf), a quarantine plant pathogen
for the EU area, where stringent and specific regulations apply. So, Apulian olive trees
of Lecce province were affected by Xf and characterized by leaf scorching, scattered
desiccation of twigs and branches conferring thus a burned aspect and subsequent tree
mortality (Saponari et al. 2013) as shown in Pictures 1, 2. The most severely and impressively affected olives are the centuries-old trees of the local highly susceptible cultivars Cellina di Nardò and Ogliarola salentina which marked by (OQDS) from incipient
signs of infection to plant death. Monumental trees with a skeletal appearance, severely
pruned to promote new vegetation, have shown dramatic decline and severe symptoms
of desiccation where the few shoots produced are already dead. In the field, remarkable differential response to natural infection by Xf (Giampetruzzi et al. 2017) was
revealed in adjacent rows of olive trees of cultivars Leccino and Ogliarola salentina and
comparative analysis of the transcriptome of these varieties was carried out to investigate the reasons for this differential behavior (Giampetruzzi et al. 2016). Moreover, in
experimental fields and controlled conditions for the evaluation of resistance/susceptibility of the varieties/species, through mechanical inoculation with bacterial cultures,
strain “De Donno”, does not infect grapevines and citrus whereas it multiplies readily
in oleander, olive seedlings and rooted cuttings of cv. Cellina di Nardò and to a much
lesser extent in other olive cultivars like Coratina, Frantoio, Leccino (European Food
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Picture 1. Olive leaf scorching due to Xylella fastidiosa invasion in Apulia region. Source: Infoxylella.

Picture 2. Olive trees mortality caused by Xylella fastidiosa in Apulia region. Source: Infoxylella.

Safety Authority 2015; Saponari 2016). However, one of the best solutions was the
search for resistant varieties which are a highly desirable approach with the aim of the
possible reconstitution of the Salentinian olive industry based on a set of cultivars that
can replace for the largely predominant and highly susceptible ones. Leccino and FS17 have already been identified and a patch-graft with these resistant varieties on old
infected olive trees was piloted, considering this cultural practice as an encouraging
starting point in the research for resistant material.
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This bacterium (Sequence Type 53) originating on coffee plants in Costa Rica is
driven by an insect-vector, Philaenus spumarius, which is widely distributed in Apulia
region (Bosco 2014; European Food Safety Authority 2015; Martelli et al. 2015). Further, Frem et al. (2020) predicted that this bacterium may invade new European and
Mediterranean countries. However, the bacterium was also detected in Neophilaenus
campestris and Euscelis lineolatus indicating the potential vectoring roles of these insects
for the spread of the bacterium in Apulian region (Elbeaino et al. 2014) while the spittlebug P. spumarius was the most abundant species found in orchards on both weeds
and olive trees in Italy (Cornara et al. 2017). To better understand the role of the host
plant on the ecology of the infections, numerous plant species have been shown to be
colonized by Xf in southern Apulia, including almond, oleander, cherry and other species (Saponari et al. 2013, 2014). This may confirm the impacts of host plant species
on the efficiency of transmission of Xf by P. spumarius and therefore the ability of the
bacterium to spread rapidly and trigger an outbreak. Xf colonizes the xylem network
of the trees (Wells et al. 1987).
As a consequence, by destroying the rural landscape in the study area, Xf is gradually inducing changes in olive trees landscape which provides a set of economically valuable goods and provisioning services such as food diet (olive and olive oil), regulating
services that affect climate, biodiversity, sustainable agriculture and cultural services
that provide recreational, aesthetic, and educational and research features. Thereby,
these benefits contribute towards daily life and human well-being in terms of health,
security, good life and social relations. Ultimately, linking these attributes to human
wellbeing constitutes an integral part of the economic analysis that is applied when
decisions are necessary for the concerned stakeholders to manage a biological invasion
process (Emerton and Howard 2008). In this framework, the Figure 1 highlights the
links between Xf invasion, olive landscape services and public’s well-being. Changes in
ecosystem services and human well-being, give rise to assess the public’s preferences
about landscape recovery.
Furthermore, the provision of ecosystem services is not perceived or observed similarly by all social groups (Sardaro et al. 2016a). Therefore, assessing their preferences
about ecosystem recovery such as olive landscape restoration constitutes an integral
part of the economic analysis of invasive species that is applied when policy decisions
should be taken to manage biotic invasions (Emerton and Howard 2008). Moreover,
Apulian residents as taxpayers would pay additional costs for landscape recovery and
rehabilitation. Meanwhile, residents’ preferences or opinions must be taken into consideration in the decision-making process (Haltia 2015) in order to comprehensively
assess landscape (Tagliafierro et al. 2013). Without this consideration, the prevention
of wasteful and imprudent resource allocation cannot be guaranteed. Given this, this
research aims to provide an assessment of local citizens’ preferences for different olive
landscapes changes and for pursuit of research associated to Xf. Also, the study provides
their WTP for the improvement of the damaged olive landscape in Apulia within an
economic analysis of biotic invasive framework. Burgess et al. (2012) points out that
citizens’ preferences in relation to a non-excludable and non-rivalrous environmental
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Figure 1. Overview of the impact of Xylella fastidiosa on olive landscape services based on the general
illustration of Emerton and Howard 2008.

non-market public good, are commonly examined by economists through non-market
evaluation techniques (Figure 2) which are classified in two groups: revealed preference
methods (i.e. market price, cost-based, hedonic pricing and travel cost) and stated preference methods (i.e. contingent valuation method, CVM and choice experiment, CE).
The first group is limited to market goods and services, but based on observed user behavior. The second group can be applied to all goods and services to capture all use and
non-use values, but based on hypothetical situations of users and non-users (Plan Bleu
2016). Among these techniques, CE is preferred for rural landscape evaluation (Scarpa
and Cicia 2000; Scarpa et al. 2007), and is used for the purpose of this study for the
following reasons: (i) it is suitable for evaluating multi-attribute ecological goods (Arriaza-Balmón et al. 2006), (ii) it minimizes strategic bias across a set of choices (Bennett
and Blamey 2001; Hanley et al. 2001), (iii) it captures total economic value (use and
non-use values) of the ecosystem, and (iv) it allows consideration of public preferences
in the context of environmental goods such as olive landscapes (Sardaro et al. 2016b).
Unlike CE, where the choice set is composed of at least three options (status quo and
two hypothetical alternatives), CVM is based on only two possibilities (status quo and
one hypothetical alternative).
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Figure 2. Summary of various techniques used to assess the economic, social and ecological economic impacts of invasive species. The diagram assembles two categories of methods (revealed preferences and stated
preferences) where Choice Experiment belonging to the second category was considered in our study.

There have been several studies of valuation of environmental services and damages in the past decades. These include the valuation of a damaged ecological public
good through CVM as a useful approach in public policy formulation (Portney 1994),
environmental valuation through CE (Hanley et al. 2001; Scarpa et al. 2007; Campbell and Hynes 2011; Hasund et al. 2011), assessment of environmental damage in
monetary terms through the WTP (Johansson 1990), valuation approaches for natural
ecological functions (de Groot et al. 2002), the elicitation of factors affecting citizens’
behavior towards the prevention of environmental damage (Torgler and Garcia-Valiňas
2007), the estimation of WTP for rural landscape changes (Campbell 2007), individuals’ preferences for agri-environmental services (Garrod et al. 2014), and economic
quantitative valuation of damages due to climate change (Auffhammer 2018). At the
Italian level, one specific study has quantified the economic and landscape impact of
Xf in the Salento area (Sardaro et al. 2015). However, this previous research is based on
a direct income loss approach, rather than on stated preference methods. The addedvalue of the present research is twofold. First, the monetary values of non-market olive
landscapes features, based on individuals’ preferences, have never been yet assessed in
the affected area. Second, the present paper enriches the scientific literature that uses
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CE to capture society’s perception of research and experimentation activities, considered as an attribute in this study, to improve the representation of olive landscapes. The
results have consequences for policy with respect to the recovery Plan (see below) for
the damaged olive landscape and for pursuing ongoing research activities related to Xf.

Methods
Restoration Plan of the affected area
The Italian Ministry of Agriculture (Ministero delle politiche agricole alimentari,
forestali e del Turismo, hereafter Mipaaft) created an Action Plan (2020) to prevent
dispersal of the bacterium and rebuild the landscape in infected areas. This plan defines
all measures to be taken to counter the spread of Xf in line with the Implementing
Decision (EU) 2015/789 and the Ministerial Decree of 13.02.2018 (and subsequent
amendments) to relaunch the agricultural and agro-food sector of the areas affected by
the bacterium in Apulia. The Plan includes a set of measures, in particular (i) restoration of the damaged landscape (i.e. removal of damaged plants, replanting and conversions via resistant olive cultivars, reconversion to other crops, preservation of monumental olive trees via grafting with resistant varieties, support for growers’ incomes
during the transition period to new plants, and financial support for plant nurseries to
readjust their structure and facilitate transfer in disease-free areas), and (ii) pursuit of
future Xf research and experimentation (i.e. genetic and epidemiological, vector control, innovation of large-scale monitoring techniques, improvement and development
of diagnostic techniques and innovative tools for the surveillance and prevention in the
free areas, and new treatments for the bacterium).

Agricultural overview of the study area
This study focused on the southern area of Apulia region, south-eastern Italy. Apulia has
a total surface area of 1,954,052 hectares, distributed between its five provinces: Foggia (36%), Barletta-Andria-Trani (8%), Bari (20%), Taranto (13%), Brindisi (10%)
and Lecce (14%). According to the National Statistics Institute (Istituto Nazionale di
Statistica 2019), a variety of different crop types are present in Apulia. The agricultural
area is mainly under cereals (29%), followed by table and oil olives (27%), temporary
forage crops (17%), and permanent grassland, pastures and meadows (15%). In addition, Apulia accounts for 33.81% of Italy’s olive-growing area and 33.22% of the
country’s olive production. The region’s olive landscape is characteristic: 79% of the
regional olive area is covered by trees over 50 years old (Ciervo 2016). In terms of trees,
Apulia has 60 million plants on 382,600 ha (Istituto Nazionale di Statistica 2019),
with around 3 million centenarian and millenarian plants, which capture particular
cultural and aesthetic values (longevity from Roman times and the 17th century) on
90,000 ha because of their impressive trunks and contorted shapes. Nevertheless, the
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Table 1. Total area, areas and harvested production of table and oil olives in 2019.
Territory
Foggia
Bari
Taranto
Brindisi
Lecce
Barletta-Andria-Trani
Total (Apulia region)
Total (Italy)

Total area (1000 ha)
701
386
247
186
280
154
1954
30134

Table and oil olives area
(1000 ha)
55
100
35
64
97
33
383
1166

Harvested production Damaged area due to Xf
(1000 Tons)
(1000 ha)*
81
298
69
4
12
10
155
40
95
818
54
2461
54

Source: Own elaboration based on data by www.istat.it. Extraction date: 19/04/2020. * Italia Olivicola 2019.

Figure 3. Distribution of the area (in ha) damaged by Xylella fastidiosa in Apulia region.

olive area that has been completely lost due to Xf represents 14.06% of Apulia’s olivegrowing area and 4.61% of the national total (Table 1; Figure 3). Moreover, Apulia’s
lost production for three years (2016–2018) is estimated at 29,000 tons (equivalent
to €390 million), representing 10% of Italian olive production (Italia Olivicola 2019).

Respondents’ choice preferences: conceptual framework
In recent years, CE has been widely used to assess the non-market services of public
goods (Dallimer et al. 2015; Zoderer et al. 2015; Sardaro et al. 2016b; Bottero et al.
2017; Tempesta and Vecchiato 2017; Cortignani et al. 2018; Novikova et al. 2019),
and in particular to reveal respondents’ (i.e. citizens, residents or tourists) preferences regarding the benefits of ecosystem services (Dachary-Bernard and Rivaud 2013).
Based on utility theory (Lancaster 1966 as cited by Tempesta 2014), it has been assumed that respondents’ utility for the olive landscape restoration is a function of
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changes in landscape, additional costs faced to implement landscape restoration, and
other control factors (i.e. research and experimentation, communication plan). Conditional logit models to explain respondents’ preferences for olive landscape restoration have been estimated. A baseline model (model 1) disentangles the preference for
a change in landscape. Further models investigate whether respondents’ preferences
differ according to geographical location and options for land restoration: conditional
logistic regressions include interaction variables between locations (i.e. respondent
resident in Foggia and Lecce) and changes in landscape (model 2) and between options for land (i.e. traditional, intensive, disperse/sparse, productive crops, productive
crops with bushes) and changes in landscape (model 3). This investigation derives
respondents’ willingness to pay (WTP) as the ratio between the estimated parameter
for options of landscape restoration and the negative of the parameter estimated for additional costs: each ratio reflects the average contribution a respondent would pay for
landscape restoration. The rest of this section explores how these points have been addressed in this research. The options for landscape restoration have been defined on the
basis of information retrieved from: the restoration Plan (Mipaaft 2020) and a focus
group discussion. Landscape restoration presents 5 levels of changes (illustrated by corresponding photographs), listed in Table 2. As in previous studies on the quantification
of Italian landscapes services (Tempesta and Vecchiato 2017), this research presents
5 levels of additional costs that citizens are willing to pay for landscape restoration
(0, 15, 30, 60 & 90 € per household/year for the next 10 years), illustrated by corresponding photographs. The experimental design includes also options for research and
experimentation. The use of different photographs and/or pictograms was intended
to help respondents in the choice process (Bateman et al. 2009; Zoderer et al. 2015).
This visual information (Garrod et al. 2014) reflected the attributes under assessment
to provide a stimulus to the respondent (De Ayala et al. 2012) and support the realism of the alternatives (Cherchi and Hensher 2015) in our CE experiment, in which
respondents may easily select a choice set. The combination of the above attributes
and their levels gave 120 possible scenarios (22 × 5 × 6). A fractional factorial design
(Christie et al. 2004; Bush 2013) was decided using the code of package AlgDesign
on R, yielding 36 reasonable alternatives, which were divided into 3 blocks including
4 choices set each (see Table 3 as an example). Each choice set consisted of 4 columns.
The first column described the areas of improvement (attribute) to guarantee the availability of the landscape for citizens today and for future generations. The next three
Table 2. Options for landscape restoration.
•
•
•
•
•
•

Options for landscape restoration
Status quo;
Landscape with Xf-resistant olive cultivars only in a traditional production system;
Landscape with Xf-resistant olive cultivars only in an intensive production system;
Landscape with Xf-resistant olive cultivars only in a dispersed/sparse production system;
Landscape planted with mixed productive crops (i.e. vineyards, pomegranate, stone fruits);
Landscape planted with mixed productive crops and bushes.
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Table 3. Example of a set choice.
Area of improvement
Landscape

Research

Additional cost (10 years)
Which option do you prefer?
How certain are you about
your choice?

Status quo
Alternative A
Alternative B
Landscape not restored, like now Traditional olive production system Landscape planted with mixed
productive crops and bushes

Yes

0 €/year
□

No

0 €/year
□
1: □ Absolutely certain; 2: □ Quite certain;
3: □ Not very certain; 4: □ Completely uncertain

Yes

90 €/year
□

columns concerned the three different scenarios (known as alternatives) that could be
chosen. These had no labels but were referred to as: “Status quo”, “Alternative A” and
“Alternative B”. For each respondent, 4 choice sets were presented in order to select the
alternative that maximizes satisfaction requirements
Furthermore, the experimental design was organized into 3 blocks of 4 choice sets
each, based on: (i) the previous experience of the focus group experts (Hoyos 2010)
in Italian landscape valuation and conservation, (ii) the pilot survey, (iii) the prevention of complexity, minimization of confusion and cognitive fatigue for respondents
during the survey, and (iv) the common use of manageable number choice sets (i.e.
not higher than 5 to 6) in the CE literature (Caussade et al. 2005; Campbell 2007;
Kallas et al. 2007; Garrod et al. 2014; Weller et al. 2014; Cherchi and Hensher 2015).
The elicitation of respondents’ preferences was examined through a social-choice sample survey in which the structure of the questionnaire had three sections. Section
1 included attitudinal questions on respondents’ general attitudes towards the olive
landscape and its benefits, as well as their knowledge of the multi-functionality of the
olive sector in Apulia. At the end of this section, interviewees were informed about
the current Olive Quick Decline Syndrome epidemic caused by Xf, which gradually
deprives the Apulian landscape of its historical, patrimonial and cultural element:
its olive trees. Two representative photos from the European Commission website
showing the severity of the disease and the map of the demarcated area affected were
shown to respondents in case any of them were unaware of the problem. Section 2
concerned their preferences for improvement of the affected landscape. In this section, 4 choice sets were presented to the respondents in order to select the option
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that ensures the restoration of the affected landscapes in southern Apulia. In order
to ascertain the certainty of their choices (Brouwer et al. 2010), participants were
asked a question (how certain are you about your choice?) and indicated their answers
on a scale from 1 (absolutely certain) to 4 (completely uncertain) at the end of each
choice set. Furthermore, a set of statements was presented to respondents in order to
best describe the way in which they made again their choices. Section 3 aimed to collect information about respondents’ socio-economic characteristics (i.e. age, gender,
residence, employment, sector of activity, membership of environmental associations,
and annual income). An example of the questionnaire is enclosed in Suppl. material 1.
A pilot survey was performed in order to define the time needed for face-to-face interviews and to guarantee that respondents fully understood the questionnaire. The final
survey was carried out by qualified and trained agents in spring 2019, involving 683
respondents (general public) in three of Apulia’s major cities (Foggia, Bari and Lecce),
particularly in different contexts (i.e. in front of train and bus stations, public parks,
local streets, etc.). Within each city, three blocks of the questionnaire were used. The
Sections 1 and 3 of the questionnaire were kept constant, while Section 2 included
four different sets of choices in each block. At least 60 people were interviewed randomly by block distributed between the sexes (at least 30 females and 30 males) and
ages (at least 20 males and females for each of the following age ranges: 18 to 30, 30
to 50 and above 50 years old).

Results
Basic descriptive statistics
Respondents’ awareness and perception of Apulia’s olive landscapes
This section includes basic statistical results from the Section 1 of the questionnaire
(Suppl. material 1), dealing with respondents’ general attitudes towards the olive landscape and its benefits, and their knowledge of the multi-functionality of the olive sector
in the studied area. Observations of the natural landscape and historical buildings in
Apulia were the most popular activities. The majority of respondents (45.1%) visited
the Salento (damaged area) at some time within a year, while 33.1% of them live there,
mainly in the Lecce area.
Although 17.1% of the participants in this social survey had not been there during
the last 7 years, which means that they were not really aware of the incidence and severity levels of Olive Quick Decline Syndrome in the damaged area, almost all respondents
(98.1%) recognized the relative importance of the presence of the olive trees in Apulia’s
landscape. With regard to their level of agreement about olive landscape services, very
few respondents (0.6%) were convinced that this ecosystem does not provide benefits
in Apulia, but 4.2% of them confirmed their ignorance about its ecosystem services. In
general, the olive landscape obtained the highest agreement on its cultural heritage and
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aesthetic values (63.4% in terms of historical olive germplasm, great enrichment of the
Apulia region, attractive appearance and evergreen), followed in succession by its other
services: food production (59.7% for food security, olives & olive oils as common
ingredients in the Italian diet, typical products), economic benefits (48.5%, including
olive sales, tourism, gastronomy, hospitality, direct sale), positive environmental effects
(46.9% related to biodiversity conservation, maintenance of native plants, animal life,
sustainable agriculture, low use of chemical inputs, mitigation of the greenhouse effect,
water management, prevention of soil erosion and run-off), social attributes (32.1%
for the maintenance of family farming and rural employment), and finally, research
features (27.7% as a field of research and experimentation).
Respondents’ socio-economic profiles
According to latest data available on the website of Istituto Nazionale di Statistica
(https://www.istat.it), our sample results (Table 4) are in a similar range to the main
statistics of Apulia population (48.65% males; average age 44.7; average family size
2.5; annual average household income in the south of Italy €32,807). On average, respondents were middle-aged (41 years old), and equally divided between genders since
51% were male, but were widely differentiated with respect to family size (1 member:
4.7%, 2 members: 16.8%, 3 members: 31.6%, 4 members: 38.9%, more than 4 members: 7.9%). The average family size was approximately 3.3. The majority (70.1%)
Table 4. The descriptive statistics of main variables for the entire sample.
Variable

Categories
Year
Male
Female
Resident in rural areas
Rural area
Urban area
Family members (Total number)
1
2
3
4
5 & more
Family members (Under 18 years old)
Number
Education level
1: Not educated
2: Elementary school
3: Lower secondary school
4: High secondary school
5: University
In work
Yes
No
Members of environmental associations
Yes
No
Olive grove owner
Yes;
No
Income level (€1000)
1: < 20
2: between 20 mila and 60
3: > 60
Age
Male

Median
39
1

Mean
41
0.51

Std. Dev.
16
0.50

Min
18
0

Max
86
1

0

0.08

0.27

0

1

3

3.29

0.99

1

5

0
4

0.40
4.22

0.70
0.77

0
1

4
5

1

0.67

0.47

0

1

0

0.11

0.31

0

1

0

0.32

0.47

0

1

2

2

1

1

3
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of families had members over 18 years old. In terms of education, two major groups
were observed: one with a high school diploma (about 38%) and one with a bachelor’s
degree (50.2%). The average educational level was about 4.22. The absolute majorities
(66.6%) were mainly employees (38.5%), and total annual household revenue was distributed as follows: 25.5% (under €20,000), 59.7% (€20,000 – €60,000), and 14.8%
(over €60,000). Most respondents (89%) were not members of an environmental association, while around 32% were owners of an olive farm with an average size of 0.75
ha. The overall descriptive analysis revealed a wide range of variables related to Sections
1 (opinion and awareness of the olive landscape in Apulia) and 3 (socio-economic
profile) of the questionnaire.

Estimates of willingness to pay
Conditional logit models are estimated in order to disentangle potential heterogeneity in individual preferences. The results (Table 5, column 1) show that, as expected,
additional costs required for landscape restoration are negatively correlated with respondent choices. With respect to changes in landscape, the correspondent coefficient
estimate is positive, suggesting that local residents do not appreciate the “status quo”
and tend to prefer other alternatives for landscape restoration. The average respondent
is willing to pay €3.52 more for changes in landscape (for instance, to move from the
status quo to a revived landscape). Considering the Apulian households (1,618,809
households), the average value that Apulians are willing to pay for landscape restoraTable 5. Conditional Logit Models.
Variables
Cost
Landscape

Baseline (1)
-0.008***
(0.001)
0.029***
(0.007)

Landscape (Foggia)

Location (2)
-0.009***
(0.001)

0.049***
(0.010)
0.051***
(0.010)

Landscape (Lecce)
Landscape (Xf-resistant olive cultivars only traditional)
Landscape (Xf-resistant olive cultivars only intensive)
Landscape (Xf-resistant olive cultivars only dispersed/sparse)
Landscape (mixed productive crops)
Landscape (mixed productive crops with bushes)
Respondents
Observations
Pseudo R2

Type of landscape (3)
-0.016***
(0.001)

683
8,196
0.023

683
8,196
0.028

-0.707***
(0.038)
-2.010***
(0.077)
1.775***
(0.171)
0.496***
(0.042)
0.173***
(0.020)
683
8,196
0.208

Notes: Standard errors are in brackets. P value: * = P ≤ 0.05; **= P ≤ 0.01; *** = P ≤ 0.001. All specifications control for ‘research’ and
‘picture’. Bari is the baseline location in specification (2). Status quo is the baseline in specification (3).
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Figure 4. Willingness to pay (WTP) for replacing the status quo with different types of landscape. WTP
(in €) are obtained from (statistically significant) coefficients estimated in the conditional logistic regressions (Table 5, column 3). Lower and upper levels are in red colour.

tion is about 5.7 million of € per year. The preferences of respondents for changes in
landscape tend to be homogeneous across locations (Table 5, column 2), but differ according to options for landscape restoration (Table 5, column 3). The estimated mean
and 95% confidence intervals of WTP for options of landscape restoration are reported in Figure 4. Respondents are willing to pay €113.92 on average for Xf-resistant
olive cultivars, suggesting public preferences for a sparsely covered olive landscape for
ecological reasons (lower consumption of soil, low use of chemical inputs, and mitigation of the greenhouse effect), and increasing this kind of extensive land mainly for its
cultural and aesthetic values. In addition, mixed productive crops and mixed productive crops with alternating bushes alternatives, are also preferred by respondents: the
average WTP is €31.82 and €11.09, respectively. This indicates that local people tend
to enhance the diversity of the rural landscape and biodiversity conservation of the
Apulia region. However, the reconversion to other crops will be possible in conditions
of profitability and economic sustainability (El Chami et al. 2020). Differently, respondents tend to not prefer landscape characterized by Xf-resistant olive cultivars only
with a traditional or an intensive system of production. This implies that they do not
have strong views about the traditional dense olive groves and their economic effects
(direct selling, niche market), social provisions (maintenance of family farming, rural
employment), job opportunities for unemployed persons as well as on food security, in
which olives and oil are common ingredients in Apulia region. Assuming that the total
estimated damaged area is 53,800 ha (Italia Olivicola 2019), and that the total number
of households in Apulia is 1,618,809 (Istituto Nazionale di Statistica 2019), the mean
value of loss of the socio-ecological benefits is 1,059 €/ha. The total number of families
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was used instead of the total population, as stated by del Saz-Salazar and Menéndez
(2007). However, the use of the total population will increase the mean value of loss to
€2,636 per degenerated hectare.

Discussion
The findings explored in the Results provide a clear picture of respondents’ opinions
on the olive landscape, their preferences for the improvement of affected orchards,
and their socio-economic profiles. Here we connect the observed results to the existing literature and derive some policy reflections from our findings. Firstly, our analysis
highlights an extremely high level of perception of the cultural heritage and aesthetic
benefits of the olive landscape. Previous research papers also assumed the importance
of the assessment of cultural heritage values (Tengberg et al. 2012), as a subcategory
of cultural ecosystem services (Hølleland et al. 2017) and aesthetic perception (Tribot
et al. 2018) in landscape evaluation for sustainable land use planning and ecological
restoration management. Rodríguez-Entrena et al. (2017) proposed the use of olive
orchards to improve the aesthetic and visual quality of rural landscape’s green cover.
Secondly, our analysis shows that Apulia’s inhabitants are willing on average to pay for
alternative features in order to restore and revive the region’s olive orchards. Obviously,
the majority of respondents were found more likely to choose “landscape changes”
over the current situation of degenerated land with diseased olive trees. Using plants
and trees is hence preferred by citizens to mitigate the deterioration of rural landscape
(Frontuto et al. 2020). Four types of alternative landscape features were proposed to
the local public in the study area.
The highest WTP for landscape change was found for the landscape with Xf-resistant olive cultivars in a dispersed or sparse production system, followed by mixed
productive crops, and then by mixed productive crops with Mediterranean bushes.
Given this, the present study underlines the relative public preferences to crop diversity
in landscape configuration heterogeneity as outlined by Hass et al. (2018) and sustains
existent evidence to biodiversity conservation and ecosystem features. However, the
substitution of olive orchards with native plants or Mediterranean bushes alone certainly requires less maintenance throughout the year, provides a wildlife habitat (plant
reproduction, bee abundance) and allows landscape conservation (Slattery et al. 2003).
Meanwhile, this type of landscape gives the lowest direct incomes for local farmers.
These types of landscapes were selected over a monoculture cropping system planted
with Xf-resistant olive cultivars in a traditional production system. On the other hand,
the landscape with resistant-Xf olive cultivars in an intensive production system was
relatively the least attractive option for land restoration. The lack of preferences for this
kind of landscape seems to decrease local public utility. This perception is in agreement
with a recent study (Arata et al. 2020), in which the mean WTP of Italian inhabitants
in Lombardy region (northern Italy), is only €6.7 to increase the green area by 7%.
Local citizens attach a specific reconversion to other crops which were already in the
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past but appear to be gradually replaced by oil olive monoculture. These preferences
diversify Apulia’s agricultural landscape and enhance biodiversity in this region.
However, this kind of reconversion would be possible in conditions of profitability
and economic sustainability over the new productions. Nevertheless, our findings support the results of Howley (2011), who found that intensive farming landscapes were
less attractive for respondents. However, the dispersed production system provides
fewer economic and social benefits than intensive production, as noted by Sardaro
et al. (2016a). Furthermore, despite the fewer studies addressed to olive landscape
valuation, the results of this research are relatively representative. A previous study
by Marangon et al. (2008) assessed WTP for the introduction of olive trees into the
landscape. The contingent valuation method applied on a hill region between Italy and
Slovenia showed an average WTP of €25.59 household/year. Rodrígues-Entrena et al.
(2017) stated that visitors’ WTP per year is around €6.52 in terms of landscape restoration with parking fees to improve the aesthetic quality of the land. Torres-Miralles
et al. (2017) estimated the WTP to sustain olive-growing with a natural reserve in
Andalusia (Spain). Using CVM, the mean WTP was €37 household/year. Sardaro et
al. (2016a) evaluated the benefits provided by olive landraces in Apulia, revealing that
WTP for landscape preservation was €207 per year/family.
Furthermore, a number of studies elicited individual preferences in relation to
environmental issues (such as landscape preferences) and multi-functionality of agriculture (Abler 2004; Dachary-Bernard and Rivaud 2013). Tempesta and Vecchiato
(2017) have already reviewed previous Italian studies for evaluating landscape benefits. They found that WTP ranged from €2.8 to €74.3 per household/year. Ciaian
and Paloma (2011) found that the mean WTP was €149 per ha, by using a metaanalysis technique of agriculture landscape valuation in EU. Our results highlight
the relation between the mean WTP values and the distance from the degenerated
landscape. Lecce residents live closer to the studied area and are relatively willing to
pay more than Foggia residents (Figure 1). This proximity issue was analyzed by del
Saz-Salazar and Menéndez (2007), who found a positive correlation between WTP
and residence proximity. This issue was also stressed by Arata et al. (2020) as needing
to be explored in future studies. The third contribution from the present study is the
use of research as a conceptual contribution in designing choice experiment. Studies using this type of attribute are absent from the literature review for evaluation of
ecosystem services.

Conclusion
Environmental issues such as restoration of damaged landscape are of crucial importance for land use development plans at regional, national and European levels (European Landscape Convention 2000). This convention urges each EU Member State “to
assess the landscapes thus identified, taking into account the particular values assigned
to them by the interested parties and the population concerned”. In consequence,
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by assessing WTP and preferences of the local public towards alternative features or
changes in landscape through the stated preferences approach, our study constitutes an
efficient prerequisite tool to support local policy-makers on the allocation of financial
resources in the best interest of the local inhabitants in the study area. This evidence
was recently noted by Rewitzer et al. 2017; Arata et al. 2020 and Frontuto et al. 2020.
Assessment of the social value of the damaged olive landscape in Puglia is based on
landscape changes and pursuit of the ongoing research and experimentation on Xf.
The latter attribute is a specific challenge for the Italian landscape, given the economic
impact of Xf subsp. pauca on olives. Reinforcement of the ongoing research on the
production of transgenic olive plants and on vector control (i.e. tillage, weed management, use of insecticides, trapping, monitoring and surveillance) is necessary to reduce
the economic impact of Xf. Schneider et al. (2020) have highlighted the importance of
the strengthening research to reduce the future spread rate of Xf from 5.18 to 1.1 km/
year on Italian, Spanish and Greek olives. In fact, the production of resistant cultivars
of olives is an important axis of research to cope with Xf invasion. In addition, through
the replantation of potential damaged landscape by using resistant olive cultivars, the
hypothetical economic impact of Xf on olives in these countries can also be reduced
from a range of €3.58 to 8.69 billion (without replanting resistant olive cultivars) to a
range of €2 to 4.13 billion (by replanting resistant cultivars), over a period of 50 years.
Thus, the present study has important policy implications for the current regional recovery action plan (Mipaaft 2020) in the study area, particularly for the restoration and
revival of damaged olive orchards, control of Xf vectors and enhancement of research
and experimentation aimed at finding a cure for this disease. Lastly, the present choice
experiment model could be enhanced by involving other landscape attributes related
to the level or types of crops for reconversion, the safeguarding of ancient/monumental
olive trees, and communication activities. This research could also be extended to cover
the preferences of tourists and of local entrepreneurs for whom improvement of the
olive groves would have positive impacts on income.
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