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Abstract

Pollen released by urban flora is the mayor coutdbto airborne allergen content, with adversedotmpn
human health, representing one of the main ecosgstisservices. The Vesuvius National Park (Soather
Italy) develops on an area of 8,017 ha, fallinghwitthirteen municipalities, in which 345,000 pesfie.
Pollination events in the park may pose a threah&health of people damaging their well-beinge Th
objective of this work is to establish the potentliergenic value of the plant species occurringttie
Vesuvius National Park, so that the allergenicftthe park can be estimated through version ngweta@ach
for Index of Urban Green Zones Allergenicity (mggh). It allows the determination of allergenicity of
extended areas, by using sampling area and subgegsgmation of plant covers with Braun-Blanquet
scale. Sampling areas have been defined and ploydtsgical surveys have been conducted to regpstatt
species, relative covers and allergenicity potémiia a weighting factor, the surfaces of the patial area,
and municipalities’ areas were used. First, weiobththe results by the traditional determinisfiprach.
The results indicated that an allergic risk carb®excluded for Ottaviano municipality and the vehpéark.
Subsequently, we developed a quantitative risksassent model for allergenic risk based on probsiluli
model resulting in a more exhaustive risk assessmidrere is a 5% probability that in the Vesuvius
National Park, the vegetation may rise to an alleig risk. The municipality-level probabilistic kis
outcomes also reveal a certain probability of askn for eleven municipalities. Sensitivity anadysidicate
that plant height and vegetation cover mainly affeqected risk. This tool may be useful to foréeasl
prevent pollinosis related events on a large salewing risk mitigation measure in health proieit
perspective.
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1. Introduction

Urban and peri-urban forests, and urban green spesu lato, are elements of the anthropized dapds
whose inestimable value, in terms of providing gstem services, is globally accepted (Carifianos and
Casares-Porcel, 2011; Kasprzyk et al., 2019 (a)]f Wb al., 2020). Among the services provided,
recreational ones and those for improving air dualhrough the removal of gaseous and particulate
pollutants stand out (Dzierzanowski et al., 201&wslk et al., 2018). Urban forests represent, im ¢binse, a
double-edged sword since they can generate probielated to air quality (Carifanos and Casareséborc
2011). Plants inserted in urban environments catewmine the human well-being by causing physical
damage to property and people (Kasprzyk et al.,92(1)), and emitting substances related to their
physiological processes: biogenic volatile orgarienpounds (BVOCSs) involved in the ozone formation
(Niinemets et al., 2011), and allergenic pollenr{@mos et al., 2019; Parmes et al., 2020). Alleige of
vascular plant pollen is the most common and sesndisservices provided by urban forest (Kaspetyk
al., 2019 (b)). The World Health Organization (WH®@ported that 30—40% of the global population show
allergic sensitization (Cariflanos et al., 2017;nBadez-Gonzélez et al., 2019). Pollen allergy has a
remarkable clinical impact all over Europe, and pihevalence of pollen allergy is presently estirdatebe

up 40% (Bosch-Cano et al., 2011; D’Amato et al.120 In addition, there seems to be a parallel
development between warmer temperature due to teiofeange and the rising of asthma and allergiesi
early spring are related to increased airborneepolSensitization to pollen allergens is likely Have
doubled during the last three decades, particularlyoung people in many areas in Europe (Wirl and
Puklova, 2007). In the Mediterranean area, the grgwf typical vegetation with production of allergjc
pollen is facilitated due to climatic conditionsilgmess of winter, summer dryness, etc.). D’Amatale
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(2012) highlighted that severe exacerbations couatdir with thunderstorms during pollen season, thigl
becomes particularly important in the face of theatic changes that the Mediterranean area is rgoiey.
Made these premises, forecasting of allergen riz& been becoming a fundamental tool to establish
prevention and mitigation measures especially imsdly populated areas. One of the most recent
methodologies for assessing the allergenicity dfanrgreen areas has been developed and proposed by
Carifianos et al. (2014). The method consists iryicey out a complete census of plant individualsam
urban park and, through the analysis of biologombameters (type of pollination, duration of polk¥ason
and species-specific allergenicity of pollen graiasd biometric parameters (crown diameter andhtgig
determine by summation the allergenicity index dbam green zones fdz,) (Carifianos et al., 2014,
Carifianos et al., 2016). Biological parametersvallo assign the potential allergenic value (VPAg#&xh
species, while biometric parameters allow to calauthe allergen volume emission by comparing tthe t
crown to a simpler geometrical volume (Carifianoalgt2014). lcza assessment represents an innovative
strategy for the identification of risk situatiolirsked to pollen ecosystem disservice in urban gaakd has
been applied in various urban contexts of varyizgss up to about 120 hectares (Carifianos et @17,2
2019). The index, as it was constructed, requitesah census of the urban park arboreal floraj@gwoutin

situ, or at least a catalog of tree individuals distisped by species (Carifianos et al., 2014, 20119)20
This feature makes,dza difficult to apply to the growing size and natur@ds of the urban park whose
allergenic risk is to be known. In addition, allenjc risk characterization has been traditionaligddl on a
deterministic approach (Carifianos et al., 201792@bng et al., 2020). However, this approach imas t
disadvantage that the magnitude of the potent@blpm is not known since they produce only estisafe
the expected value. Contrariwise, probabilisticuidations can be useful model the variation of thelved
parameters in risk assessment by making assumglomg the random component of a model, and results
in estimates of the probability about the expeotdde.

The purpose of this work is to determine a methagiokl variant for the application ofdza to urban and
peri-urban green areas, regardless of their sigesity, and specific composition. Within this minge
assessed the allergenic potential of vegetatiomrdag in the Vesuvius National Park (Southernyital
which is a wide area with a high population density

To achieve this objective, the characteristicshaf Ljcza have been maodified, specifically the biometric
parameters necessary for determining the risk. sthstantial modification lies in the replacementhu
census with the estimation of vegetation coveramging areas, applying the Braun-Blanquet scaling
method (Braun-Blanquet, 1932) to define a modiflgdza (modiysza). We also aim at implement a
probabilistic simulation in allergenic risk assessitrto obtain a more accurate estimates.

2. M aterials and M ethods

2.1 Study site and sampling areas

The Vesuvius National Park, a peri-urban park of rano than 8000 hectares
(www.parconazionaledelvesuvio.it, 2020), charaztstiby Mediterranean climatic conditions, (meanuahn
temperature: 13.2 °C; annual precipitation: 960 r{@moli et al., 2019) has been chosen as a stuedy. a
Vesuvius National Park area falls in thirteen mipalities of the province of Naples in which appgroately
350,000 people live (http://dati.istat.it, 2020Q), addition approximately, 600,000 visitors per yean be
counted inside the park during the touristic sedstamoli et al., 2019). The population density énel high
number of visitors, together with the size and ratiess of the park, make it the ideal site foregixpenting
with modl,gza.

The entire area of the Vesuvius National Park wesreferenced and mapped in a GIS environment. The
layer of the total park area was superimposed erbthundaries of the thirteen municipalities in viahit
falls, and the size of the park area falling witbisich municipality has been recorded (Figure Ljedular
mesh grid was used to divide the entire surfaceagmoint was randomly selected within each meshth@n
proportion of the size of the park area fallinghint each municipality, two to ten points were ramtio
selected to act as centroids for the sampling dreasich to carry out the phytosociological surv&ach

plot has been materializédsitu as a square of 20 meters per side (400frsurface).



Figure 1 — Vesuvius National Park. In red the padundaries, and the municipalities boundaries. The
municipalities names are abbreviated: E=Ercolar®ySSan Sebastiano al Vesuvio; MS=Massa di Somma,;
PT=Pollena Trocchia; SA=Sant’Anastasia; SV=SommasMgana; O=Ottaviano; SGV=San Giuseppe
Vesuviano; T=Terzigno; BR=Boscoreale; BT=Boscotmaal C=Trecase; TdG=Torre del Greco.

2.2 Phytosociological survey

The centroids of the sampling areas were reacheth WiPS, and sampling areas (4002) nmave been
materialized with the aid of a metric roll, markingpe and posts. The municipality in which eachaafedl,

has been noted. The phytosociological survey operatwere carried out from April to August, perfamng

the surveys monthly on each sampling area. The tatige present in the plots has been differentiatad

"herbaceous" and "arboreal" strata, making the lstirfiall into the second category. In each samplnga,
for each stratum, all the plant species presenehseen collected, determined (Pignatti, 2017) aaubrded
in a field schedule. Mean heights for each speh&se been estimated in each sampling area, andhdat
been averaged and recorded (Table S1 in Supplemekitaterial).

For each found species (in each sampling plot) cdwes been estimated using the Braun-Blanquet scale
(Braun-Blanquet, 1932) and recorded. Braun-Blangapproach allows to assign a numerical value,
comprised from 1 to 5, for each species in eacltsin, considering the species occurrence and their
estimated coverage (1 = <5%; 2 = 5%-25%; 3 = 25%65@ = 50%-75%; 5 = >75%).. Once cover data
collection has been completed for all the samplargas, the average values at the municipality ldneed
been recorded (Table S3 in Supplementary Material).

2.3 Modlycza

2.3.1 Deterministic model

The index was built, in form of a ratio, on the neddf the original proposed by Carifianos et alQ1(2). For
each plant species, recorded during the survey aijars, the VPA has been determined multiplying the
species-intrinsic biological parameters valueserénic potential (ap), pollen emission (pe), amohgpal
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pollination period (ppp) (Carifianos et al., 201Bhe values for the biological parameters of eadtigs
have been determined by converting the data foarntd literature, in reports and database, (D’Anzatd
Lobefalo, 1989; Spieksma et al., 1992; Frenz, 1998en, 2002; Galan et al., 2007; Mari et al., 2009
Carifianos and Casares, 2011, Carifianos et al.; Pgdatti, 2017) with the scale proposed by CariSaet
al. (2014).

The average height of each speciep, (tas been calculated as a mean of heights pyicecorded in the
physiological survey, and the results have beenl asea biometric parameter. The central valuehef t
Braun-Blanquet class, identified in the phytosamdtal survey, have been used to obtain the average
percentage cover for each species (Tlxen and Ellgnh937; Bimova et al., 2004; Wild et al., 200@he
obtained average value was reported in the Braandpiet class it belongs to, and the central vafubeo
resulting class has been used in the model. Taletdcthe area covered by each specigg)(B km® the
resulting percentage value has been transformprbportion with the park or the municipalities sgs. In
modelling the allergenicity for the municipalitiesnly the covers data collected from the samplifag p
falling in each municipal boundary have been u&edthermore, in modelling the allergenicity of thaole
Vesuvius Nation Park, the covers data from allsdu@pling sites have been used.

As a weighting factor, in modelling the allergetycn the park, the product between the maximungltei
registered in the field surveys (maxH), the maximoitthe VPA (maxVPA), and the total surface of the
Vesuvius National Park fShas been used (Equation 1). Th&a&or has been substituted whit the surface of
the park falling in each municipality boundarynfSin modelling the modlzA for each municipality
(Equation 2). Both for the park and for the indivédl municipalities, two different modiza have been
calculated for the arboreal and herbaceous strata.

According to Carifianos et al. (2017, 2019) the x@ssults in a value between 0 (null allergenicégy 1
(maximum allergenicity) and 0.3 is considered thical value which may pose allergic symptomsha t
sensitive population.

2.3.2 Probabilistic model

As an extension of the deterministic approach,abgbilistic analysis of allergenic risk was perfedn A
probabilistic simulation considers uncertainty aratiability of input variables and can lead to areno
realistic risk assessment (Qu et al., 2019; Zueolal., 2020). Probabilistic simulation consistsiimulating
probabilistic variables by selecting a random sanfigim each assigned distribution. After randomdarg

is performed, numeric results are arranged accgrigirassigned mathematical relationships. In audysta
Monte Carlo method with Latin hypercube samplingsvealopted to improve sampling efficiency, and
ensure the sample values covering the entire bligion range of the input random variable (Imam&0
The simulation was applied using using Argo - Mor@arlo simulation Excel tool. The statistical
distribution of the random variables was verifigdthe fitdistrplus routine within the R softwarecgage
(Delignette-Muller et al., 2014) and are preseritedable S1 and Table S2 in the Supplementary Nédter
The optimal number of iterations needed in MonteldC&imulation was chosen using Normal distribution
for the performance function (Bukagi et al., 2046} we observed that 10000 trials ensured stabilithe
estimations. Sensitivity analysis was also perfarne determine the contribution of single uncertain
parameters on the results of the allergenic riskssment.

3. Results and Discussion

3.1 Phytosociological survey of the Vesuvius NaabRark

With phytosociological survey operations, 15 specie the arboreal stratum, and 25 species in the
herbaceous stratum were identified (Table S3) actbs various sampling areas. In the park, the most
abundant species in the arboreal strata is Pimassf@r Aiton., which was found in 75% of the sus/eand
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is present in 9 out of 13 municipalities of thelpaknother recurrent tree speciefisus nigra Aiton. which
was found in more than 50% of the surveys, in 7 inipalities. The most abundant broadleaf species is
Quercus ilex L., found in 6 municipalities. In the herbaceotisitsim, the most recurring speciesPisa
annua L., present in all the municipalities, followed Byena fatua L., Dactylis glomerata L., Papaver
rhoeas L., andTaraxacum officinale Weber ex Wigg.,, found in the 90% of the samplingas. In Table S3

in the Supplementary Material the complete lisspécies found in the surveys, and the average €aver
each municipality according to Braun-Blanquet seaereported.

The municipality with the highest number of recatdgpecies is Ercolano, where 28 species have been
found, while the municipality with the lowest numlzé recorded species is Ottaviano, where 7 plpeties
have been found (Table S3).

3.2 Deterministic assessment of allergenic risk
Outcomes from deterministic approach in the assessof allergenic risk both for the Vesuvius Natbn
Park and each municipality are summarized in Figure

Figure 2 — Results from allergenic risk assessmsiniy a deterministic approach. The red line separthe
low-risk scenarios (0-0.3) from the high-risk omre0(3), according to Carifianos et al. (2017, 2019).

The results of the deterministic assessment ofgaféc risk in the park show a low risk value fbet
herbaceous stratum (0.19) and a high risk leveltlier arboreal stratum (0.30) (Figure 2 and Table 1)
Observing the data for each municipality the hegbas stratum never exceeds the high risk threstbiie
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there are critical issues, in some municipalitiegarding the arboreal stratum. Ottaviano munidipahows

a risk of 0.38 (Figure 2 and Table 1), overcoming 0.3 threshold, and representing the maximumegalu
reached among all the municipalities. Trecase, &oscase, and Boscoreale municipalities have thee sa
risk in both strata, and the same is for Massaodi@a and San Sebastiano al Vesuvio (Figure 2 ahk&Ta
1). Similarities in their values occur becausehef great similarity of the specific composition aimerage
found in the sampling areas falling within eacltre#se municipalities. Looking at Figure 2 and Tahléhe
lowest recorded value for the herbaceous stratutmaisof San Giuseppe Vesuviano (0.08), while dveelst
one for the arboreal stratum is that of Pollenac@iia (0.07).

The results obtained are in line with what Carifgaet al. (2017) stated about the negative corosiati
between the specific abundance of a site and itsngial allergenic risk. Ottaviano municipality htwe
highest modlizzavalue (Figure 2 and Table 1) and the lowest nurbepecies recorded (Table S2), while
Ercolano municipality, in which the highest numbmr species have been found (Table S2), show a
modlyzzavalue falling in the low risk scenarios (Figurard Table 1).

Table 1 shows and compares the results of therdigtistic and probabilistic assessment of allergeisicin
the Vesuvius National Park, and in the areas op#rk falling in each municipality.



Overall, an allergenic risk due to arboreal vedgetafor the Vesuvius National Parks is confirmedthg
simulation, which depict a mean outcome of ngggl = 0.26 and a probability of medium risk of abo%t 5
(Fig. 3A). The absence of herbaceous stratum cekaigh risk for the whole park is also confirmed dayr
probabilistic simulation (Fig. 3B). This result indtes that overall Vesuvius National Park doespuste
high risks for people sensitive to pollen allergigh only the 5% of possibility above the 0.3 threlksl for
tree species present in the area. The sensitimayysis chart discloses that the height of some species
play a main role in determining the occurrence atk (Fig. 3C) as hereafter listed: Pinus pinakt2,) >
Castanea sativa (B)1> Pinus nigra (HJ > Pinus halepensis (B3> Robinia pseudoacacia (5>
Quercus ilex (Hg > Pinus pinea (H$.



Allergenic risk for arboreal stratum in Vesuvius National Park (Southern Italy)
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Figure 3 - Predicted probability density functioot allergenic risk for (A) arboreal stratum and (B)
herbaceous stratum in Vesuvius National Park (Swonothtaly) where the red lines depict the high risk
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threshold set by Carifianos et al. (2017, 2019);s@@isitivity analysis of allergenic risk for arbakstratum
in Vesuvius National Park (Southern Italy).

However, shifting from a park to a local (municipgl scale, we observed that the mean risk valuesra
some cases by far greater. In contrast to the rdétistic modelling outcomes, which reveal a riskyofor
Ottaviano municipality, we observed a certain philitgt of high allergenic risk for arboreal stratum 11
municipalities: Boscoreale, Boscotrecase, ErcoldMassa di Somma, Ottaviano, San Sebastiano al esuv
Sant’Anastasia, Somma Vesuviana, Terzigno, Trechsge del Greco (Figures S1-S14). In particular,
according to our computations, we observed thattieea 99% probability that vegetation may riseato
allergenic risk over the 0.3 threshold in Ottavianonicipality, with a mean risk of 0.41 (Table 1ddfig.
4A).



Allergenic risk for arboreal stratum in Ottaviano municipality (Naples, Southern Italy)
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Figure 4 - (A) Predicted probability density fumets of allergenic risk for arboreal stratum and (B)
sensitivity analysis of Ottaviano municipality (Ne@ Southern Italy). The red lines depict the hiigk
threshold set by Carifianos et al. (2017, 2019)

Sensitivity analyses (Fig.4B) revealed that theatgst influence on the outcome of risk are in thiglits of
Pinus nigra (H7,)> Betula pendula (H15,)> Quercusilex (H8,)> the area covered by the previous mentioned
species (BB and BB). As these parameters increase, the volume thataios the biological emission
potential of allergens increases (Carifianos et28114). As also suggested by Carifanos et al. (2014
taxonomic diversity is another core factor that magimize the allergenic potential of a park afé¢agetal
diversity may have a positive feedback on pollemtitions since a massive occurrence of few spémas

the same families can lead to cross-reaction psesdsetween their allergens in sensitized peopie(éz-
Lépez et al.,, 2020). Gastaminza et al. (2009) oleskthat Pine pollen can have significant allergeni
potential especially in those geographical areasrevipines are very abundant and also noticed thagha
degree of cross-reactivity between different pioden species. The data on the municipality of @#ao
indicate that the arboreal species present inait#a provide an ecosystem disservice that wouktathe
benefits provided by the urban forests (Carifianosl.e 2019; Kasprzyk et al., 2019 (b)). The second
municipality with the largest risk is Massa di Soenmhich shows a 49% probability of high risk (Figsir
S1-S14).

It is noteworthy that a probability of allergenisk (even if low) for herbaceous stratum has beentified
for three municipalities: Sant’Anastasia, Ottaviaand Somma Vesuviana with 8%, 3% and < 1%
probability of exceeding the 0.3 threshold (respett) (Table 1 and Figures S1-S14).

4. Conclusions

Starting from the Allergenicity Index of Urban GreAreas (Iz»), created by Carifianos et al. (2014), our
study introduces a reproducible method (named gaggll in the quantitative assessment of pollen related
ecosystem disservices for large areas. Thg Ibased approach can be considered as an impontateigy

for risk management and mitigation in heath provecperspective.

The innovation of the methodology proposed in 8tigly lies in the possibility it offers of beinglako
estimate the allergenic risk of urban and peri-nrbarests, regardless of their size. The methodcébg
approaches of the determination of sampling araasd, the use of the Braun-Blanquet scale for the
estimation of plant coverings, make this methodogéento implement with a minimum expenditure of eyer

if compared to the benefits deriving from the pbiity of being able to determine the risk on sucharge
scale. The modkza is also useful to the preliminary screening ofiqadgle risk situations, in order to direct
the efforts of more accurate investigations onlyttenriskiest areas.

Comparison of the deterministic and probabilistitireates suggests that the second one leads tae& mo
realistic interpretation of the outcomes. Our stuelyeals that an allergenic risk occurs throughwhele
park, with a 5 % of high risk probability due tobareal stratum. In addition, the allergenicity afthp
arboreal and herbaceous stratums at a municipgadaye, shows a very high probability of risk fornpa
areas (e.g., Ottaviano municipality) mainly relatedinus species occurrence. Our research also highlights
that morphological features (height and the plawecs) play a decisive role in risk magnitude ressul

The data obtainable from this approach blend wéh whe management of urban areas and urban forests
with a view to maximizing ecosystem services andimizing disservices. The management of urban feres
can be directed in such a way as to intervene gglycon the parameters that determine the disgsrvic

Through the proposed methodology, tools can alsddweloped for prevent and forecast events related
pollinosis on a large scale, allowing a more adeuraanagement of the health resources of a teyritor
Results obtained in this preliminary work allow theure correlations between allergenicity potdntil
extended green areas, and epidemiologic data. fbnerehe next step of this research will be fodusa
combining the obtained results with human allerggrathologies (e.g. emergency hospital admissions f
asthma) data in the investigated area.
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Figure captions

Figure 3 — Vesuvius National Park. In red the pédundaries, and the municipalities boundaries.
The municipalities names are abbreviated: E=ErcotlarSSV=San Sebastiano al Vesuvio;
MS=Massa di Somma; PT=Pollena Trocchia; SA=Sant'dtasia; SV=Somma Vesuviana;
O=0ttaviano; SGV=San Giuseppe Vesuviano; T=TerziglBBR=Boscoreale; BT=Boscotrecase;
TC=Trecase; TdG=Torre del Greco.

Figure 2 — Results from allergenic risk assessnusitig a deterministic approach. The red line seteara
the low-risk scenarios (0-0.3) from the high-riskeo(> 0.3), according to Carifianos et al. (2017,90

Figure 3 - Predicted probability density functioatallergenic risk for (A) arboreal stratum and (B)
herbaceous stratum in Vesuvius National Park (Setrthitaly) where the red lines depict the high
risk threshold set by Carifianos et al. (2017, 201(®) sensitivity analysis of allergenic risk for
arboreal stratum in Vesuvius National Park (Southialy).

Figure 4 - (A) Predicted probability density furmtis of allergenic risk for arboreal stratum and (B)
sensitivity analysis of Ottaviano municipality (Nep, Southern Italy). The red lines depict the hiigk
threshold set by Carifianos et al. (2017, 2019)

Table captions
Table 1 — Results of modisza assessment by deterministic and probabilistic apghes. Data are
reported for the two strata (herbaceous and arblpréar each municipality and for the whole park.
In probabilistic assessment of allergenic risk thage of risk and the average risk are reported.
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HIGHLIGHTS

A reproducible alergenicity assessment for large urban green zones was proposed.
Potential Allergenicity of Vesuvius National Park was estimated.
Probabilistic simulation results in amore redlistic interpretation of the outcomes.

The results may be a useful tool to manage green spaces.
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Table S1. Specific model parameters for allergenic risk model (modlygza); values used for both deterministic and stochastic approaches are reported.

Parameters Symbol Units Deterministic - Prf)bal-)ilistic Values
Values Distribution types

Arboreal stratum weighting factor K, km2*m™ | 1/ (VPA max™S 0 *Hamax) 1/(VPA amax™Sx)*Hamax)
Herbaceous stratum weighting factor Ke km™2*m™! 1/(VPA max ™S Hemax) 1/(VPA max ™S Hemax)
Braun-Blanquet Class 0 BB, 0 Uniform 0
Braun-Blanquet Class 1 BB, 2,5° Triangular 1-2.5(5) b
Braun-Blanquet Class 2 BB, 15° Triangular 5.1-25(15)°
Braun-Blanquet Class 3 BB; 37,5° Triangular 25.1-50(37.5)°
Braun-Blanquet Class 4 BB, 62,5° Triangular 50.1 - 75 (62.5)"°
Braun-Blanquet Class 5 BB;s 87,5° Triangular 75.1 - 100 (87.5)°
Surface Sx) km? ¢ Constant ¢
VPA Castanea sativa VPAI, 12 Constant 12
VPA Pinus pinaster VPA2, 12 Constant 12
VPA Pinus halepensis VPA3, 12 Constant 12
VPA Corylus avellana VPA4, Constant
VPA Robinia pseudoacacia VPAS, Constant
VPA Pinus pinea VPAG6, 12 Constant 12
VPA Pinus nigra VPA7, 12 Constant 12
VPA Quercus ilex VPAS, 18 Constant 18
VPA Fraxinus ornus VPA9, 18 Constant 18
VPA Olea europea VPA10, 24 Constant 24
VPA Ailanthus altissima VPALlI, 18 Constant 18
VPA Ulmus minor VPA12, 18 Constant 18




VPA Acer obtusatum subsp. neapolitanum VPA13, Constant
VPA Alnus cordata VPA14, 9 Constant 9
VPA Betula pendula VPA1S, 27 Constant 27
VPA Avena fatua VPAI. 24 Constant 24
VPA Dactylis glomerata VPA2, 24 Constant 24
VPA Parietaria judaica subsp. judaica VPA3, 36 Constant 36
VPA Chenopodium album VPAA4, 27 Constant 27
VPA Urtica urens VPAS. 36 Constant 36
VPA Amaranthus retroflexus VPAG. 12 Constant 12
VPA Trifolium pratense VPAT. 6 Constant 6
VPA Rumex bucephalophorus VPAS, 12 Constant 12
VPA Lolium perenne VPA9, 24 Constant 24
VPA Poa annua VPAI10. 36 Constant 36
VPA Helianthus annuus VPAIll. 8 Constant 8
VPA Artemisia campestris subsp. variabilis VPA12, 12 Constant 12
VPA Urtica dioica VPA13. 24 Constant 24
VPA Lolium multiflorum VPA14. 36 Constant 36
VPA Holcus lanatus VPAI1S. 24 Constant 24
VPA Papaver rhoeas VPA16. 12 Constant 12
VPA Phleum hirsutum VPAI17. 24 Constant 24
VPA Zea mays VPA18. 12 Constant 12
VPA Mercurialis annua VPAI19. 18 Constant 18
VPA Plantago lanceolata VPA20, 27 Constant 27
VPA Medicago sativa VPA21. Constant
VPA Taraxacum officinale VPA22, Constant




VPA Stellaria media VPA23. 0 Constant 0
VPA Matricaria chamomilla VPA24, 12 Constant 12
VPA Glebionis segetum VPA25. 4 Constant 4
Height Castanea sativa HI1, m 18 Lognormal 18+7¢
Height Pinus pinaster H2, m 20 Lognormal 20+10¢
Height Pinus halepensis H3, m 15 Lognormal 15+£59
Height Corylus avellana H4, m 4,5 Lognormal 45+059
Height Robinia pseudoacacia HS5, m 15 Lognormal 15+10¢
Height Pinus pinea H6., m 15 Lognormal 15+10¢
Height Pinus nigra H7, m 15 Lognormal 15+£59
Height Quercus ilex HS, m 18 Lognormal 18+24¢
Height Fraxinus ornus H9, m Lognormal 6+41
Height Olea europea H10, m Lognormal 4+1.8¢
Height Ailanthus altissima H11, m Lognormal 9424
Height Ulmus minor H12, m 10 Lognormal 10£6¢
Height Acer obtusatum subsp. neapolitanum H13, m 18 Lognormal 18+24¢
Height Alnus cordata H14, m 6 Lognormal 6+21
Height Betula pendula H15, m 20 Lognormal 20+5¢
Height Avena fatua HI. m 0,8 Lognormal 08+02¢
Height Dactylis glomerata H2. m 1,5 Lognormal 15+05¢
Height Parietaria judaica subsp. judaica H3. m 0,3 Lognormal 03+0.1¢
Height Chenopodium album H4. m 1,5 Lognormal 1.5+0.8¢
Height Urtica urens H5. m 0,4 Lognormal 0.4+0.1°
Height Amaranthus retroflexus Hé6. m 1 Lognormal 1+08¢
Height Trifolium pratense H7. m 0,3 Lognormal 03+0.1¢




Height Rumex bucephalophorus H8. m 0,1 Lognormal 0.1+0.05¢
Height Lolium perenne HO. m 0,3 Lognormal 03+0.1¢
Height Poa annua H10. m 0,2 Lognormal 0.2+0.05¢
Height Helianthus annuus HIl. m 2,5 Lognormal 2.5+0.5¢
Height Artemisia campestris subsp. variabilis H12, m 1 Lognormal 1+0.5¢
Height Urtica dioica HI13. m 0,8 Lognormal 0.8+0.3¢
Height Lolium multiflorum H14. m 1 Lognormal 1+0.5¢
Height Holcus lanatus HI15. m 0,6 Lognormal 0.6+02¢
Height Papaver rhoeas H16. m 0,4 Lognormal 0.4+02¢
Height Phleum hirsutum Hl17. m 0,4 Lognormal 04+0.2¢
Height Zea mays HI18. m 2 Lognormal 2+05¢
Height Mercurialis annua H19. m 0,25 Lognormal 0.25+0.15¢
Height Plantago lanceolata H20. m 0,3 Lognormal 03+02¢
Height Medicago sativa H21. m 0,3 Lognormal 03+02¢
Height Taraxacum officinale H22. m 0,04 Lognormal 0.04 +0.02¢
Height Stellaria media H23. m 0,3 Lognormal 03+0.1¢
Height Matricaria chamomilla H24. m 0,3 Lognormal 03+02¢
Height Glebionis segetum H25. m 0,4 Lognormal 0.4+02¢

? Central value of Braun-Blanquet classes (Braun-Blanquet, 1932); ° Braun-Blanquet classes range (Braun-Blanquet, 1932), central value of each class was used for triangular
distribution; ¢ See Table S2; ¢ Mean and standard deviation were used for lognormal distributions.




Table S2. Surfaces used in modlygza assessment

Parameters Symbol| Units Deterministic : Prf)bal.)ilistic Values
Values Distribution types
Vesuvius National Park Surface St km? 80,17 Constant 80,17
Torre del Greco Surface STdG km” 12,96 Constant 12,96
Trecase Surface Stc km’ 2.35 Constant 235
Boscotrecase Surface SBT km’ 3,95 Constant 3,95
Boscoreale Surface SER km” 0,19 Constant 0,19
Terzigno Surface St km” 16,32 Constant 16,32
San Giuseppe Vesuviano Surface Ssav km” 2,72 Constant 2.72
Ottaviano Surface So km’ 9,24 Constant 9.24
Somma Vesuviana Surface Ssv km” 10,79 Constant 10,79
Sant'Anastasia Surface Ssa km” 534 Constant 534
Pollena Trocchia Surface Spr km” 2.48 Constant 2.48
Massa di Somma Surface Sms km® 2.28 Constant 2.8
San Sebastiano al Vesuvio Surface Sssv km® 0,81 Constant 0,81
Ercolano Surface Sk km’ 10,75 Constant 10,75




Table S3. The complete list of the plant species found in the phytosociological survey. Average covers according to Braun-Blanquet scale are reported for each
municipality.

Castanea sativa Mill.

Pinus pinaster Aiton

Pinus halepensis Mill.

Corylus avellana L.

Robinia pseudoacacia L.

Pinus pinea L.

Pinus nigra Aiton

Quercus ilex L.

Fraxinus ornus L.

Olea europea L.
Ailanthus altissima (Miller) Swingle

Ulmus minor Mill.

Acer obtusatum subsp. neapolitanum (Ten.) Pax
Alnus cordata (Loisel.) Duby

Betula pendula Roth

Avena fatua L.

Dactylis glomerata L.

Parietaria judaica L. subsp. judaica

Chenopodium album L.
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Urtica urens L.




Amaranthus retroflexus L.

Trifolium pratense L.

Rumex bucephalophorus L.

Lolium perenne L.

Poa annua L.

Helianthus annuus L.

Artemisia campestris subsp. variabilis (Ten.) Greuter

Urtica dioica L.

Lolium multiflorum Lam.

Holcus lanatus L.

Papaver rhoeas L.

Phleum hirsutum Honck.

Zea mays L.

Mercurialis annua L.

Plantago lanceolata L.

Medicago sativa L.

Taraxacum officinale Weber ex Wigg.

Stellaria media (L.) Vill.

Matricaria chamomilla L.

Glebionis segetum (L.) Fourr.
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Figure S1 - Predicted probability density functions of allergenic risk for (A) arboreal stratum and (B)
herbaceous stratum in Torre del Greco municipality (Naples, Southern Italy).
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Figure S2 - Predicted probability density functions of allergenic risk for (A) arboreal stratum and (B)
herbaceous stratum in Trecase municipality (Naples, Southern Italy).
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Figure S3 - Predicted probability density functions of allergenic risk for (A) arboreal stratum and (B)
herbaceous stratum in Boscotrecase municipality (Naples, Southern Italy).
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Figure S4 - Predicted probability density functions of allergenic risk for (A) arboreal stratum and (B)
herbaceous stratum in Boscoreale municipality (Naples, Southern Italy).
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Figure S5 - Predicted probability density functions of allergenic risk for (A) arboreal stratum and (B)
herbaceous stratum in Terzigno municipality (Naples, Southern Italy).
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Figure S6 - Predicted probability density functions of allergenic risk for (A) arboreal stratum and (B)
herbaceous stratum in San Giuseppe Vesuviano municipality (Naples, Southern Italy).
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Figure S7 - Predicted probability density functions of allergenic risk for (A) arboreal stratum and (B)
herbaceous stratum in Ottaviano municipality (Naples, Southern Italy).
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Figure S8 - Predicted probability density functions of allergenic risk for (A) arboreal stratum and (B)
herbaceous stratum in Somma Vesuviana municipality (Naples, Southern Italy).
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Figure S9 - Predicted probability density functions of allergenic risk for (A) arboreal stratum and (B)
herbaceous stratum in Sant’ Anastasia municipality (Naples, Southern Italy).
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Figure S10 - Predicted probability density functions of allergenic risk for (A) arboreal stratum and
(B) herbaceous stratum in Pollena Trocchia municipality (Naples, Southern Italy).
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Figure S11 - Predicted probability density functions of allergenic risk for (A) arboreal stratum and
(B) herbaceous stratum in Massa di Somma municipality (Naples, Southern Italy).
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Figure S12 - Predicted probability density functions of allergenic risk for (A) arboreal stratum and
(B) herbaceous stratum in San Sebastiano al Vesuvio municipality (Naples, Southern Italy).
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Figure S13 - Predicted probability density functions of allergenic risk for (A) arboreal stratum and
(B) herbaceous stratum in Ercolano municipality (Naples, Southern Italy).
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Figure S14 - Predicted probability density functions of allergenic risk for (A) arboreal stratum and
(B) herbaceous stratum in Vesuvius National Park (Southern Italy).
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