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Abstract: The Apulian Region (Italy) is a socio-ecological system shaped by the millennial co-evo-
lution between human actions and ecological processes. It is characterized by monumental olive 
groves protected from Regional Law 14/2007 for the cultural value of the landscape, currently 
threatened by the spread of a devastating phytopathogen, the bacteria Xylella fastidiosa. The aim of 
this paper is to apply landscape resilience analysis focusing on ecosystem services to understand 
the potential effects and trade-offs of regeneration policies in a peri-urban area characterized by 
monumental olive groves land cover. The study involved land-cover and land-use analysis, sup-
ported by a survey on the inhabitants and an ecosystem services analysis. The results showed a 
mismatch between the agroecosystem and the social and economic use linked to leisure or hospi-
tality. The study area was defined as a peri-urban landscape characterized by tourist use. From the 
interviews of the users, the cultural heritage of olive groves seems linked to the presence of olive 
trees like a status quo of the landscape and olive oil productions. The culture aspect could thus be 
preserved by changing the type of olive trees. In addition, the analysis showed that the microclimate 
could be preserved and enhanced in terms of air temperature and thermal comfort, by replacing the 
olive trees with varieties resistant to Xylella, such as cv. Leccino. Therefore, regeneration policies 
that promote replacing dead olive groves with new olive trees could be efficient to stimulate social 
components of the landscape and improve the resilience of ecosystem services in peri-urban areas 
in the interest of the cultural heritage of the users and benefits that they provide. An ecosystem 
services analysis at a local scale could be a strategy for an integrated regenerate approach between 
land-use and land-cover with social, ecological, and economic evolutions vision orientated to a sus-
tainable and desirable future. 

Keywords: landscape; socio-ecological system; resilience; ecosystem services; microclimate; cul-
tural value 
 

1. Introduction 
Many European landscapes express the millennial interactions between natural pro-

cesses and anthropic activities that transform ecosystems in order to adapt them to human 
needs [1–3]. The landscape is thus a Social–Ecological System (SES) resulting from the co-
evolution of human societies with their environment through change, instability, and 
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mutual adaptation [4–6]. Land use and land cover are the result of the mutual interactions 
between socio-economic and ecological processes [7–9]. The people’s perception of the 
result of interaction between nature and human needs is at the basis of the concept of the 
cultural landscape [10–12]. 

This is the case of the monumental olive groves in Apulia (Italy) regulated by the 
Regional Law 14/2007 for the cultural value of the landscape (B.U.R. Puglia—N. 83, 7 June 
2007) [13]. Currently, cultivated and monumental olive trees are threatened and destroyed 
by the spread of a devastating phytopathogen, the bacteria Xylella fastidiosa. At the mo-
ment, no practical solutions are available to save infected plants of the most common va-
rieties, which are particularly sensitive and undergo rapid death [14,15]. The problem of 
olive grove destruction is not limited to agricultural production but concerns areas that 
extend for tens of thousands of hectares, penetrating urban contexts [16]. Therefore, it is a 
complex reality, creating a critical problem for the landscape and non-agricultural pro-
duction interest, affecting thousands of people who live in close contact with the dying 
trees. For some citizens, however, it is not just an economic-productive issue but also a 
cultural one, linked to the people’s psycho-physical well-being [2,16,17]. 

Resilience should be considered in a specific context, and, as discussed by Carpenter 
et al. [18], it is necessary to define “the resilience of what concerning what” that is, the 
resilience of “which system concerning which disturbance”. The social and institutional 
ability to manage resilience represents the “adaptability of a landscape”, which depends 
on the social power to avoid an undesired change in land cover and land use to maintain 
the capacity of the landscape to support ecosystem services for human well-being [3,19–
22]. 

The Italian National and Regional administration has been working to find new re-
generation strategies to recover the agricultural land cover affected by the dying and sub-
sequent uprooting of olive trees, many of which are deemed to be monumental (centennial 
plants) [2]. The current defense strategy includes the replanting of X. fastidiosa-resistant 
olive tree cultivars [23,24] as well as non-host plants (Regione Puglia, 2021). 

Though agroforest ecosystems are critical in terms of the ecosystem goods, services, 
and benefits they provide in peri-urban areas [16,25–28], to date, a lack of attention has 
been paid to the agroforest–urban interface and complex linkages between landscape re-
silience and forest biomass [25,29]. Several studies have shown that vegetation has bene-
ficial effects on the microclimate and thermal comfort. Green areas play a beneficial role 
in the microclimate by reducing the air temperature thanks to shading and evapotranspi-
ration [16,28,30,31]. Moreover, the regeneration processes of olive groves in the peri-urban 
area is important considering the resident perceptions of the bio-cultural heritage threat-
ened by the X. fastidiosa spread [32–34]. 

The policy of olive grove regeneration has not considered the potential effect of eco-
system services in the peri-urban area that can drive the landscape change in specific sce-
narios of applications to preserve the cultural value of the landscape. The inclusion of 
ecosystem services could represent the base approach for promoting landscape evolution 
to guaranty the well-being of humans with a societal, ecological, and economic transfor-
mation orientated to a sustainable and desirable future [35–38]. To better support the re-
generation processes of the landscape, more evidence-based assessments with trade-off 
analyses and policy validations have to be developed with the help of ecosystem services 
modeling, improving locally detailed information [39–41]. 

Thus, this research aims to provide a socio-ecological approach to evaluate and de-
sign policy instruments and adaptive strategies for the regeneration and management of 
the social-ecological landscape affected by X. fastidiosa. in the peri-urban area. This study 
focuses on the relations between agroecosystems and society [42–44]. 

We thus developed the approach to landscape resilience analysis that focuses on 
managing and providing ecosystem services over time. We analyzed ecosystem services’ 
resilience of the Social–Ecological Landscape to X. fastidiosa considering the land-cover 



Sustainability 2021, 13, 8778 3 of 23 
 

and land-use change that characterized the peri-urban landscape and evaluated potential 
landscape scenarios as adaptative strategies that can be derived by a regeneration policy. 

2. Materials and Methods 
2.1. Study Area 

The study area is located in the rural landscape of Carovigno (UTM coordinates: 40° 
43′46″N, 17°41′01″E), province of Brindisi (Apulia region, Southern Italy). The climate is 
mild, with the medium temperature of the coldest month being 9.6 °C, while in the sum-
mer, the average temperature value is around 25 °C, with peaks approaching 40 °C 
(http://stazionemetobrindisi.altervista.org/wxtrends.php, accessed on 7 May 2021). The 
area is included in the Regional Landscape Plan “Rural Landscape” representative of the 
Apulia region (Figure 1), characterized by olive groves’ monoculture with monumental 
trees. Among all the provinces of Puglia, Brindisi is the area where olive tree presence is 
more intensely spread (https://www.istat.it/it/archivio/32618, accessed on 15 June 2021) 
[45]. The site is located within the area classified by the EU as infected with X. fastidiosa 
subsp. pauca. This rural landscape is threatened by the bacterium sprawl that caused the 
olive trees’ death and that already destroyed many monumental plants. However, this 
territory is characterized by a sprawl of urban settlements, a condition typical of many 
areas currently infected or threatened by the presence of the bacterium. Therefore, our 
study focused on a portion of the territory in which scattered houses in an agricultural 
context (Figure 1) represent the current predisposition to use of the land, no longer strictly 
linked to agricultural production but rather to recreational and tourist activities. 

 
Figure 1. The study area is located in the municipality of Carovigno, the province of Brindisi (Apulia 
region in southern Italy (a,b); the study area (c). 

2.2. Methodology 
The land-cover and land-use resilience of the landscape are evaluated by considering 

potential vegetation that can replace the current olive trees to regenerate the rural land-
scape. Three steps have been followed: (i) Land cover and land-use characterization, (ii) 
cultural value and disease severity assessment of the olive groves, and (iii) analysis of the 
ecosystem services resilience, considering different scenarios (Figure 2). 
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Figure 2. Workflow applied in the study. 

2.2.1. Land-Cover and Land-Use Characterization 
In this study, the land-cover refers to the biophysical attributes of the landscape that 

affect ecosystem functions [8,46], which can influence the capacity of the landscape to pro-
duce ecosystem services [35]. Whereas land-use refers to how and why humans use the 
land [46] and is therefore linked to social and economic interest that can benefit from di-
rect use and impact the ecosystem services [47,48]. 

The land-cover pattern changes of the study area were evaluated in terms of compo-
sition (type and extension of the patches of land-cover type) and configuration (spatial 
arrangement of the land-cover patches) in 2010–2018. The land-cover map for the year 
2010 and the orthophoto images available on the webGIS of the Apulia region for the years 
2010 and 2016, as well as Ving Maps and Google Earth for the year 2018 were employed. 
Visual field inspections were carried out in 2020 to verify the recent land cover. 

Land use was analyzed considering the type of owner characteristics and typologies 
of settlements characterizing the area, identifying the stakeholders and the priority bene-
fits these areas provide. For this purpose, the information retrieved by the National Land 
and Houses Registry was employed to analyze the owners’ provenance and the possible 
change of ownership in recent years (www.agenziaentrate.gov.it, accessed on 15 June 
2021) [49]. 

Moreover, during the visual inspections, an interview was performed with owners 
in the study area to record their opinions about potential landscape regeneration actions 
and their land-use perspective. The questionnaire was aimed at understanding: (i) The 
use of the housing and the olive groves, (ii) if the owner produces oil (directly or indi-
rectly), (iii) if the presence of monumental olive groves was significant in the choice of 
housing and (iv) the human benefit that they obtain from the current land use and the 
possible interventions that they would consider in the face of a total compromise of their 
olive groves due to X. fastidiosa. 

2.2.2. Cultural Value and Assessment of Disease Severity 
The cultural value of monumental olive groves was analyzed through objective 

measures concerning the trunk diameter and visual analysis of the shape of the trunk fol-
lowing indications provided by the Regional Law 14/2007 (B.U.R. PUGLIA—N. 83, 7 June 
2007) [13]. 

Specifically, the estimation of disease severity and the analysis of symptoms associ-
ated with X. fastidiosa infection e.g., leaf scorching and wilting of the canopy, was carried 
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out by visual inspections [50,51]. Furthermore, samples of olive leaves were collected (Fig-
ure 3 shows sampling points) and analyzed to confirm the pathogen presence. Approxi-
mately 1g of leaf petioles (a pooled sample from 60 leaves collected from six branches) 
was transferred to an extraction bag (BIOREBA, Reinach, Switzerland) and treated as pre-
viously described by Luvisi et al. (2017) [51]. DNA extraction was carried out by the pro-
tocol of Edwards et al. (1991) [52] and used as a template for X. fastidiosa detection by the 
TaqMan real-time PCR protocol with XF-F/R primers and an XF-P probe [53]. Reactions 
were performed in the thermal cycler QuantStudio™ 3 System (Applied Biosystems, Fos-
ter City, CA, USA). 

 
Figure 3. Distribution of trees subjected to disease severity assessment and sampling (represented 
as green dots) within the study area (base image taken from Google Earth). 

2.2.3. Ecosystem Services Resilience 
The resilience of ecosystem services has been analyzed assuming the loss of monu-

mental olive trees and their replacement with different vegetation types, also assessing 
microclimate ecosystem services. Initially, an overview of the resilience of ecosystem ser-
vices was carried out considering different scenarios compatible with the current land-
use and also considering the information obtained from the interview activity (Figure 4) 
and through bibliography analyses [15,35,54]. 

The different scenarios were also submitted to an external panel’s opinion made up 
of botanists, agronomists, and faunists. After that, the recovery capacity of the microcli-
mate ecosystem services was assessed by applying potential new land covers based on the 
regional policy or owners’ desiderata (Figure 4). 

We consider the potential scenario of intensive olive groves land cover (plants lo-
cated using a mesh-square of 6 m × 6 m) using cv Leccino to analyze microclimate resili-
ence and thermal comfort. 
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Figure 4. Scenarios considered for the analysis of the ecosystem services resilience. 

2.2.4. Microclimate Regulation and Thermal Comfort 
To assess the local microclimate and thermal comfort in terms of air temperature and 

predicted mean vote, PMV [16,55] effects generated by olive groves land-cover change, 
we performed simulations considering three different scenarios: (i) The “current scenario” 
with trees in good-health status, (ii) the “no trees scenario” without olive trees, which 
represents a transition to uncultivated soil caused by the presence of X. fastidiosa, which 
led to the death of the tree, and (iii) potential “new land-cover” with olive groves of cv. 
Leccino. The built constructions’ height was estimated by comparison with known objects. 

Specifically, PMV considers both meteorological parameters and personal factors, 
such as heat resistance of clothing and human activity. Outdoor PMV ranges from −4 (very 
cold) to 4 (very hot), with 0 indicating the neutral condition. Vegetation measurements in 
the area were initially carried out to obtain information regarding the characteristics of 
the species. The “Leaf Area Index” (LAI) of the olive trees was estimated with the AccuPar 
LP80 ceptometer by measuring the “Photosynthetically Active Radiation” (PAR). By di-
viding the LAI by the width of the trees’ crown, the Leaf area density (LAD) was calcu-
lated, which allowed for reconstructing the trees with the ENVI-met “Albero” tool. The 
value of the LAD is equal at 0.30 (m2/m3) for the 155 trees counted throughout the study 
area (belonging to cultivars susceptible to X. fastidiosa infection), whereas 0.60 (m2/m3) 
was esteemed for the resistant cv. Leccino that was considered as a substitute for currently 
infected plants. 

The microclimate model ENVI-met was employed to simulate complex surface–veg-
etation–air interactions in the urban environment (www.envi-met.com, accessed on 7 May 
2021). It is a holistic, prognostic, three-dimensional, grid-based microclimate model. The 
study area has a dimension of 700 m × 700 m, which was discretized with 350 (x-direction) 
× 350 (y-direction) × 30 cells (z-direction) with a spatial resolution of dx = dy = dz = 2 m, 
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except for the lowest (close to the ground) five cells whose vertical resolution was 0.4 m 
(i.e., the equidistant option was employed in ENVI-met). Along the perimeter of the area, 
seven nesting grids were used, i.e., empty cells, which have the function of minimizing 
errors during the simulation and therefore allow to get more reliable output data. The set-
up is similar to that employed in Semeraro et al. [16]. The day selected to start the simu-
lations was 7 July 2019, a typical scorching summer day. The relative humidity and air 
temperature (Tair) data were obtained from the ARPA-Puglia meteorological station lo-
cated about 40 km from the study area (http://www.arpa.puglia.it/web/guest/serviziome-
teo accessed on 17 June 2021) [55]. For each scenario, 14 h were simulated, from 07:00 to 
21:00. The time interval analyzed is the one that, due to the high diurnal air temperature, 
shows the most critical thermal comfort issues, and for this reason, it has been considered 
the most interesting for the study. Two receptor points (Point 1 and Point 2) were identi-
fied, one along the path and the other near a building (Figure 5). Temporal data in the 
receptor points and spatial maps (shown in Section 3.2.1.) were extracted at the pedestrian 
height of 1.4 m. 

 
Figure 5. Current (left) and future (right) scenarios, with an indication (red) of the points where 
data were extracted for the evaluation of air temperature and PMV. Point 1 (right) is the one close 
to a building and Point 2 (left) is the one located along the path. 

3. Results 
The study area’s land-cover pattern is characterized by an agricultural matrix where 

sprawl-built constructions and roads create fragmentations in the agricultural pattern, as 
shown in the maps for 2010 and 2018 (Figure 6). This time window was chosen because 
the orthophotos available before 2010 (e.g., 1989) show the same landscape pattern as 
2010. The figure shows an increase in built constructions (17 in total) in 2018. Five other 
buildings are under construction. 
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Figure 6. Maps of the study area showing the land-cover in 2010 and 2018 with an indication of olive 
groves and built constructions (a); position of the built constructions present before and after 2010 (b). 

Table 1 shows that the primary use of the area is for agricultural purposes, mainly 
olive production for oil. The land cover is, in fact, mainly characterized by the presence of 
olive groves in both 2010 (89% of the total surface area) and 2018 (88% of the total surface 
area), with a reduction of just 2 ha. The area occupied by built constructions (buildings 
and roads) increased by about 2 ha, from 8 ha in 2010 (4% of the total surface area) to 10 
ha in 2018 (5% of the total surface area). 

Table 1. Land-cover classes that characterized the study area in 2010 and 2018. 

 2010 2018 
Changes 

from 2010 to 2018 
ha % ha % ha % 

Forest and shrub 5 3 5 3 0 0 
Grasslands 3 2 3 2 0 0 

Olive groves 162 89 160 88 −2 −1.2 
Quarry 5 3 5 3 0 0 

Built constructions 8 4 10 5 2 25 
Total 182 100 182 100   

The buildings present in this area are mainly prestigious villas characterized by good 
finishing and equipped with a swimming pool (Figure 7). The buildings under construc-
tion are also villas. Analyzing the National Land and Houses Registry, it is possible to 
highlight some aspects related to land use. In fact, the owners of buildings located in the 
area are not residents, but they are mainly from other Italian regions or other European 
countries. 

a

b

2018

2018

2010

2010
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Furthermore, the questionnaires showed that the owners live in the houses only for 
short periods, mainly during holidays or weekends, or rent the villas during the summer 
months to holidaymakers. 

 
Figure 7. Houses with a swimming pool built in recent years within the study area considering (A,B); Example of a house 
with swimming pool (C). 

To date, the area seems more predisposed to welcoming tourists and for carrying out 
recreational activities rather than for carrying out productive activities related to the agri-
cultural sector. Answers to questionnaires confirm the continuous use of homes in the 
summer (20% of owners) while being limited to weekends in the rest of the year. Con-
sistent with these habits, the recreational attitude of maintaining the olive groves is also 
confirmed, as no owners are professional farmers and do not directly produce oil and, in 
some cases, the olives are given to third parties for processing. It should be noted that 
tourists rented 11% of the houses for the summer holidays and that 23% of the houses 
were still under construction, so it was not possible to proceed with the administration of 
the questionnaire. 

3.1. Cultural Value and Disease Severity Analysis 
The area analyzed is characterized by monumental olive groves, representing an im-

portant cultural landscape. From the visual inspections, over 50% of the olive groves have 
monumental trees inside them and are therefore classifiable as ‘monumental olive groves’. 
Such trees present trunk sizes larger than 80 cm in diameter and a typical sculptural shape 
defined by the Regional Law 14/2007 (Figure 8) [13]. All the sampled trees did not show 
symptoms associated with X. fastidiosa infection, and the laboratory PCR-based analyses 
performed on randomly collected samples gave negative results. Therefore, even if the 
study area falls within the area classified by the EU as infected, the olive groves currently 
have a good health state concerning X. fastidiosa threat. 

A B

C
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Figure 8. Example of monumental olive trees present in the study area. 

3.2. Analysis of the Ecosystem Services Resilience 
The loss of ecosystem services generated by the desiccation or death of monumental 

olives can be restored, as summarized in Table 2. For instance, gas regulation ecosystem 
services can be supplied regardless of the tree cultivar because these are mainly influenced 
by the plant’s biophysical structure more than the genotype itself. Therefore, using plants 
that can produce a biophysical structure similar to monumental olive trees can restore 
these ecosystem services. With regards to habitat functions, a different structure can also 
support biodiversity but can change the type of biodiversity, e.g., other fruits produced 
by trees can influence the presence of specific species, and the endemic pathogens, in the 
medium to long term, can be subject to change. However, the olive grove does not repre-
sent a natural ecosystem. Therefore, the replacement with other species or varieties al-
ready cultivated in the Mediterranean area should determine a sustainable structure in 
terms of biodiversity as much as that defined by olive groves. The carrier functions can 
also be considered resilient because the owner can enjoy the house and the area in the 
same way, independently of the types of vegetation. Indeed, as evidenced by the ques-
tionnaire responses, the owners do not seem worried about different uses of the house 
considering the loss of monumental olive groves. 

Other services, however, could undergo significant changes depending on the 
choices made. For instance, production functions are subject to more or less pronounced 
changes depending on the type of plant, significantly influencing the area’s economic po-
tential. As for information functions, they can mainly be considered not resilient for the 
loss of the monumental olive groves’ cultural aspect in the medium time, just as we ap-
preciate it today. Maybe, in the long term, this aspect can be restored but in different cul-
tural landscapes than the current state. 
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Table 2. Summary of ecosystem services resilient changing from monumental olive groves into land-cover of Leccino olive groves and other cultivars [16,35,54]. “Resilience” indicates 
the capacity to reinforce ecosystem services keeping the ecological function and human benefits. “Adaptation” suggests the ability to reinforce ecosystem services keeping the ecological 
function but changing the way to obtain or perceptive the human benefits. 

Functions Ecosystem Services 
New Olive 

Groves 

Others  
Agricultural 

Varieties 
References 

“Regulation  
functions” 

Gas regulation 
“UVB-protection by O3 (preventing disease). Maintenance of (good) air 

quality 
Influence on climate.”  

Resilient resilient 

[16,56–62] 
Local Expert  
Involvement 

Climate regulation “Maintenance of a favorable climate (temp., precipitation, etc.) for hu-
man habitation, health, cultivation.” resilient resilient 

Disturbance prevention “Storm protection (e.g., by coral reefs) 
Flood prevention (e.g., by wetlands and forests)” resilient resilient 

Water regulation “Drainage and natural irrigation.” resilient resilient 

Water supply “Provision of water quality (e.g., drinking, irrigation, and industrial 
use)” 

not applicable not applicable 

Soil retention “Maintenance of arable land 
Prevention of damage from erosion/siltation.” 

resilient resilient 

Soil formation “Maintenance of productivity on arable land. Maintenance of natural 
productive soils.” 

resilient resilient 

Nutrient regulation “Maintenance of healthy soils and productive ecosystems.” resilient resilient 

Waste treatment 
“Pollution control/detoxification; 

Filtering of dust particles (air quality) 
Abatement of noise pollution.” 

not applicable not applicable 

Pollination “Pollination of wild plant species 
Pollination of crops.” 

not applicable not applicable 

Biological control 
“Control of pests and diseases 

Reduction of herbivory (crop damage)” not applicable not applicable 

“Habitat  
functions” 

Refugium function “Maintenance of biological and genetic diversity” adaptation adaptation [16,58,60,62] Local 
Expert  

Involvement Nursery function “Maintenance of commercially harvested species” adaptation adaptation 
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“Production 
functions” 

Food “Hunting, game, fruits, etc. 
Small-scale subsistence”  

resilient adaptation 

[16,58,60,62,63]  
Local Expert  
Involvement 

Raw materials 
“Building and Manufacturing (e.g., lumber) 

Fuel and energy (e.g., fuelwood)” resilient resilient 

Genetic resources 
“Improve crop resistance to pathogens and pests. Other applications 

(e.g., health care)” adaptation not resilient 

Medicinal resources 
“Drugs and pharmaceuticals; Chemical models and tools; Test and essay 

organisms.” not applicable not applicable 

“Information 
functions” 

Aesthetic information “Enjoyment of scenery (scenic roads, housing, etc.)” not resilient not resilient 

[15,58,62,63] 
Interview of the 

owner 

Re-creation 
“Travel to agroecosystems for eco-tourism and (recreational) nature 

study.” resilient resilient 

Cultural and artistic in-
formation “Use of nature as motive in books, landscape symbol and arts.” adaptation not resilient 

Spiritual and historical 
information 

“Use of nature for religious or historical purposes (i.e., the heritage value 
of natural ecosystems and features).” not resilient not resilient 

Science and education “Use of natural systems for education. Use of nature for research.” adaptation adaptation 

“Carrier  
functions” 

Habitation “Living space (ranging from small settlements to 
urban areas).” 

adaptation adaptation 
Interviews to the 

owners 
Tourism-facilities “Tourism-activities (outdoor sports, 

walking, etc.).” 
adaptation adaptation 
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The owners interviewed declared to be interested in replanting olive trees to replace 
the dying monumental olive groves. That approach could be influenced by mutual evo-
lution between the landscape and human perspective and vision, in which olive groves 
are the landscape’s main cultural production (Table 3). 

Table 3. Responses of interviews to preferred plant for replanting. 

Scenarios Degree of Agreement 
New olive trees 80% 

Ornamental plants typical of the place - 
Agricultural plants of any type, even exotic - 
Only agricultural plants typical of the place - 

Ornamental trees plants, also exotic - 
Plants, regardless of the type, which over time can take on a pleas-

ant appearance, such as historic-monumental olive trees 
20% 

3.2.1. Analysis of Microclimate Regulation and Thermal Comfort Lost from Monumental 
Olive Groves Land-Cover to Grassland Land-Cover 

Figure 9 shows that Tair temporal profiles follow the same trend at two receptors: 
Tair increases in the early hours of the day until it reaches a peak between 15:00 and 16:00, 
subsequently slowly decreases until evening. In particular, at Point 1 in the current sce-
nario, a maximum Tair of 36.02 °C at 16:00 is found, while in the “no trees” scenario, it 
reaches 36.27 °C. The minimum Tair in the current scenario is 29.55 °C at 08:00, while it is 
29.86 °C in the “no trees” scenario. The higher air temperature decrease in the current 
scenario compared to the “no trees” scenario is at 18.00 at both extraction points and is 
equal to 0.39 °C (Point 1) and 0.47 °C (Point 2). On average, during the considered period, 
Tair is 0.24 °C higher in the “no trees” scenario. At Point 2, in the current scenario, Tair 
reaches a maximum value of 36.24 °C at 15:00. An increase of 0.43 °C is found in the “no 
trees” scenario. The minimum Tair as at Point 1 is experienced at 08:00 and is equal to 
29.85 °C and 30.41 °C for the current and “no trees” scenarios, respectively. On average, 
an increase of 0.35 °C is found in the “no trees” scenario. 

To assess the effect on thermal comfort, Figure 9 further shows that even PMV in the 
presence of olive groves experiences lower values than those in the “no trees” scenario, 
thus suggesting a better thermal condition of the surrounding environment. In general, 
PMV is higher during the hottest hours of the day and reflects the same behaviour of the 
Tair profile. In particular, at Point 1 during the early hours of the morning (from 08:00 to 
12:00), the profiles tend to increase, reaching a peak at 16:00 in which it is estimated to be 
5.22 for the current and 5.34 for the “no trees” scenario. Then a decrease occurs reaching 
values close to the unity in the evening. This suggests that close to the buildings, on a 
typical summer day, there is a discomfort condition with high PMV values. Only in the 
evening is a neutral condition found in both scenarios. Point 2 shows similar profiles to 
those found at Point 1. Similar to air temperature profiles, the higher PMV decrease in the 
current scenario compared to the “no trees” scenario is at 18.00 at Point 1 and it is equal 
to 0.55; at Point 2, this occurs at 16:00 and it is equal to 0.16. On average, for the time period 
considered, PMV is 0.14 higher in the “no trees” scenario, and this confirms that the ther-
mal comfort improves in the presence of olive trees, especially during the hottest hours of 
the day. 
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Figure 9. Temporal profiles of air temperature and PMV for the “current scenario” and “no trees 
scenario”. Data for the first hours of the day, where there are no significant differences, are not 
shown. 

Figure 10 shows Tair contour maps at 11:00, 15:00 and 18:00. In the whole area, at 
11.00, there is a noteworthy spatially averaged decrease of 0.13 °C in the presence of olive 
trees, with a maximum value equal to 35.42 °C, while in the no-trees scenario, the Tair 
maximum value is equal to 35.77 °C (an increase of 0.35 °C is estimated). At 15:00, the 
spatially averaged decrease in the presence of olive trees is equal to 0.45 °C, up from 11.00. 
The maximum value is equal to 37.20 °C in the current scenario and 37.42 °C in the no-
trees scenario. Finally, at 18:00, in the presence of olive trees, a spatially averaged decrease 
of 0.40 °C is found. The maximum Tair value in the current scenario is equal to 35.42 °C 
and 0.35 °C in the no trees scenario. 

 
Figure 10. Contours of air temperature (Tair) for the current (left) and no trees (right) scenarios at 
11:00 (top), 15:00 (middle) and 18:00 (bottom). 
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Finally, Figure 11 shows PMV contour maps at 11:00, 15:00 and 18:00. As expected, 
since the simulations were performed on a typical hot summer day, all the maps show an 
uncomfortable condition, as indicated by relatively high values of PMV. The spatial dis-
tribution of PMV shows the same positive effect already evident from the spatial distri-
bution of Tair. At 11:00, the spatially averaged decrease of PMV in the current scenario in 
comparison with the “no trees” one is equal to 0.10; the maximum value is 4.56 in the 
current scenario and 4.62 in the no trees scenario. At 15:00, the spatially averaged decrease 
of PMV in the current scenario is equal to 0.18. The maximum value is 5.51 in the current 
scenario and 5.56 in the no-trees scenario. At 18.00, the spatially averaged decrease of PMV 
in the current scenario is equal to 0.25 points. The maximum value is 4.35 in the current 
scenario and 4.49 in the no-trees scenario. 

 
Figure 11. Contours of PMV for the current (left) and no trees (right) scenarios at 11:00 (top), 15:00 
(middle) and 18:00 (bottom). 

3.2.2. Analysis of Microclimate Regulation Resilience from Land-Cover with  
Monumental Olive Groves to New Land-Cover of Leccino Olive Groves 

In this section, the microclimate effect of the land-cover change from monumental 
olive to new plants of the X. fastidiosa-resistant cv. Leccino is reported, evaluating the ef-
fects generated by potential landscape regeneration scenarios compared with the “no 
trees” scenario. The analysis was performed only on a small portion of the study area (157 
m × 167 m), which can be considered a repetition unit of the whole area (Figure 12). 
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Figure 12. Portion of the study area considered for new landcover of Leccino olive groves (new 
scenario with Leccino). 

By analyzing the contours in Figure 13, it is noteworthy that the thermal comfort is 
better in the new scenario compared to the “no trees” and current scenarios. Looking at 
the average values of PMV, it is evident that the thermal comfort, according to the PMV 
ranges (see Section 3.2.1), moves from “Hot” conditions (current scenario and “no trees” 
scenarios) to “Warm” conditions. Specifically, compared to the current and no trees sce-
narios, at 11:00, there is an average reduction of 1.43 and 1.50 points, respectively. The 
average maximum reduction is at 15:00 with a difference of 2.28 and 2.43 points, respec-
tively. At 18:00, there is a reduction of 1.98 and 2.48 points. 

 
Figure 13. Contours of PMV for the current scenario (left), no-trees scenario (middle) and new sce-
nario with Leccino (right) at 11:00 (top), 15:00 (middle) and 18:00 (bottom). 

4. Discussion 
The study showed that the differences in land-cover and land-use information in the 

Social-Ecological Landscape are not trivial. Indeed, the small change of olive groves land 
cover from 89% to 88% of the total land cover (see Table 1) represents a great change in 
land use in the investigated study area. The strong presence of monumental olive groves 
is currently not strictly connected to raw materials and to food production, but mainly to 
the psycho-physical well-being and relaxation that the owners draw from them during 
their holidays and free time. 
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Therefore, in the Peri-urban area, the analysis of differences in land-cover and land-
use is relevant to not produce a mismatch between land-cover policy development and 
land-use perspectives that can produce results undesired and unpredictable in the regen-
eration of the landscape. 

In any case, this area is classified as infected by X. fastidiosa and potentially prone to 
the death of olive trees. Of course, the monumental olive grove’s land cover in the current 
state cannot be more resilient because it is linked to a specific olive cultivar (no longer 
usable due to being highly susceptible to X. fastidiosa) and cultivation practices not possi-
ble anymore (sculpturing of the trunk linked with past plant care practices). While the 
land use linked to touristic activity and holidays of the owners could be not affected by X. 
fastidiosa, the well-being change that the landowners experience can affect the area’s future 
land cover. Mainly focusing on ecosystem services, we can propose an adaptation strategy 
for the potential land-cover transformation generated by the spread of X. fastidiosa infec-
tion, replacing agro-forest land-covers from monumental olive trees with the resistant va-
rieties of olive trees such as cv. Leccino (already present in the infected areas) and/or cv. 
FS17 (newly introduced) [14,23,64] without altering the land use. Focusing on the resili-
ence of different ecosystem services groups, the system can show resilience for “gas reg-
ulation”. It simultaneously can show less resilience regarding the cultural landscape and 
the productions that depend on the capacity of social components to adapt to new land-
scape transformations. The conversion of the current olive groves with other olive tree 
cultivars (e.g., cv Leccino) can also produce a change in the food oil production chain 
(quality, quantity, agricultural practices). However, in the SES, the resilience in ecosystem 
services can include an intrinsic change; indeed, changing the cultivar olive tree can keep 
ecosystem services linked with olive productions, but can produce changes in crop man-
agement and agricultural biodiversity [63,65]. Of course, the historical aspect of the mon-
umental olive landscape, as it is currently known, is not resilient, especially in the medium 
time. A new agricultural landscape probably develops with a new vision of cultural as-
pects to adapt to future generations in the long term. 

Furthermore, these areas cannot be managed as just agricultural areas, but rather as 
peri-urban areas where the interests of use are strongly connected to the physical well-
being of the individuals who live in or use them. Therefore, analyzing the land cover and 
land use benefits that the owners obtain from them is essential to ensure the landscape’s 
regeneration after X. fastidiosa pandemics. Mainly, homeowners favor replacing poten-
tially infected plants with young olive trees, suggesting that olive tree seems to represent 
a status quo characterizing the study area regardless of the trees’ monumentality. They are 
less interested in planting other types of agricultural tree. 

Therefore, in this area, the main objects of the landscape regeneration plan should 
not focus on the resilience of monumental land-cover olive trees but, vice versa, on priority 
ecosystems services, like the presence of the olive trees, olive oil production and allied 
cultural aspects, and microclimate regulations to maintain a comfortable and relaxing 
habitat for the users. 

In this way, the development of regeneration policies that promote economic support 
to replace dead olive trees with new resistant olive trees at X. fastidiosa can reinforce the 
current land use without losing the landscape’s cultural value linked to olive presence. 
Therefore, this can be intended as a profitable conservation action of the olive grove land-
scape’s, read evolutionarily, or adaptation strategy. In so doing, the risks connected to a 
traumatic jump towards completely new agricultural systems (such as fruit trees or the 
introduction of new exotic lants) would be minimized [66]. 

This somewhat highlights the value of the regional policies that push for the 
(re)planting of new olive trees in the infected areas. So, even if the legislation was devel-
oped to ensure the olive grove landscape’s resilience in agricultural production, it also 
seems to make sense in tourist valuable areas, where the production aspect is less promi-
nent. 
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An essential aspect of the Italian National and Regional policies is calibrated on the 
sole ownership of the trees, taking its economic role for granted, while in the peri-urban 
context, the interest or the ability to access support actions may not be sufficient. Indeed, 
if the owners did not have the financial strength to replant, the area’s regeneration action 
would slow down or produce a landscape driven by the lower cost of vegetation replace-
ment. Therefore, in the absence of regional policies capable of fully supporting the costs 
of replanting, only non-economic owners with a cultural sensitivity towards a landscape 
traditionally characterized by olive groves will be inclined to restore actions. 

Of course, there are different legal and bureaucratic situations of landowners in peri-
urban areas, and some of these cannot give access to these regeneration processes devel-
oped like agriculture policy. Therefore, it necessary to develop a complementary land-
scape policy to improve the regeneration processes of olive groves in the landscape to 
support the owners that have a strong sensibility of the cultural heritage of the olive 
groves to replace the dead plants, in case it is not possible to apply the current Regional 
Policy. 

In the context of the Apulian olive grove landscape, this aspect is crucial because it is 
not limited to this study area but is widespread at a regional level. Figure 14 shows how 
our study area can be representative of a much more extensive situation. Moreover, the 
interaction between urban areas and the agricultural landscape and their development 
policies is a problem that characterizes the socio-ecological landscape in the Mediterra-
nean area [67–69]. 

 
Figure 14. Representation of the urban areas and olive groves land-cover at the province scale. 
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Moreover, the ecosystem services approach used in the study areas can be applied to 
all peri-urban areas characterized by the dominant presence of olive trees. Indeed, con-
sidering that X. fastidiosa is able to infect several Mediterranean vegetation species and 
cultivars, the question can be extended to all Mediterranean Bio-geographical Region. The 
main difference would be to focus on priority ecosystem services. 

5. Concluding Remarks 
The paper highlights how analyzing and modeling SES with simple linear and re-

ductionist land-cover or land-use dynamics can misinterpret how the system works, with 
substantial implications for management and policy. Regional regeneration policies 
should not be based only on the restoration of the land cover because they may not meet 
the needs of those who use and manage it. 

The regeneration policy that sustains the conversion of olive groves destroyed by X. 
fastidiosa with new olive groves can be a good strategy to improve the landscape’s resili-
ence in the peri-urban area where the agricultural economy has a limited impact. In this 
case, the policy should support not only the economic operators but also the subjects in-
clined to regeneration actions for the cultural and historical value of the intervention. In 
the vision of the landscape, how “the perceived value of the population”, this strategy has 
to develop independently of the economic land use while also considering the priority 
ecosystem services that we want to preserve. In this sense, the cultural ecosystem services 
can represent a valuable strategy to connect society and institutions for developing incen-
tives for conservations policy like payment of ecosystem services tools [70], and not as 
personal income sustain. Therefore, the landowners can be considered the sellers of eco-
system services that can be compensated for replacing the olive trees destroyed, whereas 
the regional institutions should be considered as buyers that represent the interest of the 
local societies. We believe that the ecosystem service approach in SES regeneration can 
provide solutions that overcome the difficulty generated by the dichotomy between land 
cover development and land use and find good connections between societal, ecological, 
and economic evolutions orientated to a sustainable and desirable future. This could be 
useful for approaching the concept of resilience in the landscape, interpreting some 
changes produced by human choices, such as an adaptation strategy for disturbance 
events. This study is represented by restoring ecosystem services using cv. Leccino to re-
place the olive trees destroyed by X. fastidiosa bacterium. 

However, priority ecosystem services need to be established for each landscape. This 
case study shows that the cultural aspect of olive oil production and the symbol of the 
local landscape, as well as the microclimate regulation ecosystem services, can be directly 
linked with human benefits in peri-urban areas characterized by monumental olive 
groves. 

The ecosystem services approach could also focus on the cultural value of the land-
scape more pragmatically. In this study, it emerges that the landowners link the ecosystem 
services of olive oil production to important aspects of the agricultural landscape culture 
where they live, regardless of plant monumentality. Therefore, replacing monumental ol-
ive trees with new olives in order to maintain olive oil production helps to preserve the 
cultural aspect of the landscape, even though this does not have a primary productive 
purpose considering the land use transition from use in terms of agriculture to tourism. 

The regeneration scenario evaluated with ENVI-met is limited to the use of X. fastid-
iosa-resistant cv. Leccino. Future studies in the same area may, for example, evaluate the 
effect of different vegetation scenarios on the microclimate. In addition to testing the effect 
of different species and their different spatial arrangement, other meteorological condi-
tions (wind direction, wind speed, air temperature, etc.) or particular water stress or flood-
ing conditions (e.g., arid or too wet soil) can be investigated. 

Therefore, to implement the power of the result, it is necessary to analyze different 
places that can describe specific situations to have a complete vision of the issues. 
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