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1. Foreword

This document proposes a risk assessment for Villa Ghigi Park, a public green area owned by the
Municipality of Bologna and located on the first hill in view of the city, at the edge of the city (2 km far
from Piazza Maggiore).

The green area is locatech@ former agricultural estate and houses a kcémtury manor house and

two farmhouses, one of which is the headquarters of the Villa Ghigi Foundation (which has been directly
managing the park on behalf of the municipal administration since 2004).eAliutdings are excluded

from this assessment.

The park summarises the landscape and naturalistic characteristics and qualities of the Bologna hills, as
well as the dynamicsulnerabilities and typical problems of the hill territory, which in recent &mhave
become increasingly frequent and are often linked to extreme weather events.

2. The site: framework and characteristics

The Villa Ghigi Park extends for 29 hectares on the first hills around Bologna, on the right side of the
valley of the Rio Fontane tributary of the Aposa stream. The difference in height ranges from 104
meters at the bottom of the Rio Fontane valley to 243 meters at the highest point of the park, towards
the top of the Ronzano hill. The slopes are medium to steep, mostly more0tanwvith some stretches
reaching 35%.

The park is characterised by a double level of protection: landscape (like most of the hills of Bologna,
thanks to provisions dating back to the 1960s) and histecdahural (regarding the 17teentury villa
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the San Luca hills), included in the system of proteeszhs of the EmilidRomagna Region. Finally,

among the most valuable trees in the park, there is a specimen (Himalayan -Géddrus deodara)

recently included in the list of monumental trees of Itadgcording to art. 7 Law 10/2013.

From the point of iew of vegetation cover, the park alternates between sectors of natural woodland,
reforestation of native broadleaf trees, shrubland and permanent grassland; many rows of fruit trees
and some old vineyards recall the past agricultural use of the sitev@gpetation cover is continuous
and there are no areas uncovered by vegetation (ploughed land, rock outcrops, etc.).

The park's tree heritage includes several mature and veteran trees belonging to both native and exotic
species. As in any historical pariese trees are the most significant and characteristic elements of the
green area, but by their nature they are also the most fragile elements, especially in relation to the
extreme weather events of recent years, and attention and care must be focusdfteonto ensure

their protection and at the same time the safety of those who use the green area.

Page3



wniterreg @

iges

CENTRAL EUROPE =77

Aerial photo of the foothills of Bologna showing the boundaries of the park.

The mosaic of environments that characterises the Villa Ghigi Park.
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The great Himalayan cedaC€drus deodananext to the building of Villa Ghigi, introduced in 1874 and recently
included in the list of monumental trees in Italy (Ministerial Decree 5450 of 19.12.2017). The plant, about 30 years
ago, wasstruck by lightning that cut off the top and left a long wound on the stem, triggering vegetative and
phytosanitary problemsAs part of the European HICAPS project, a wooden platform was created to welcome
visitors, necessary to mitigate the negative effectérampling under the tree.

The 17thcentury building of Villa Ghigi, unfortunately abandoned (left) and the Palazzino farmhouse, home of the
Villa Ghigi Foundation (right). The presence of the Foundation's headquarters in the park allows for direct, daily
monitoring of the area, awell as a close relationship with its visitors and the teams of gardeners and workers who
work there.
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In the context of the themes described in the STRENCH deliverable (D.Tztitdlities of CH
landscapes), attention is focused on the vulnerabilities that may have direct and important impact on
the park territory, and more generally in the Bologna hille relation to the data and projections
provided by the WebGIS tool "Riskapping Tool for Cultural Heritage Protection” (WGT). The themes
considered concern: heavy rain and flash flood, landslide, windstorm, drought.

3.1 Heavyrainandf lash flood s

In the hills of Bologna, flooding due to heavy rainfall concentrated in a short period of time has become
increasingly frequent in recent years, and is definitely confirmed by the weather projections provided
by the WGT instrument.

For the park, in additin to the damage caused on dirt roads and paths and on the surface water
regulation network, the intense rainfall concentrated in a short time is particularly critical for one of its
entrances. This is due to the presence of a small watercourse oftercstibj@verflows that also involve

the public road and neighbouring houses and that in some cases have required the intervention of
emergency management bodies (Civil Protection, Municipal Police, etc.). This type of hydraulic risk is
common to the entire dothills of Bologna, as the watercourses that run through the hills at their
entrance to the city have in the past been filled with hydraulic structures that are no longer adequate
to receive the intense rainfall of recent years. In the light of currerditiver trends, the ordinary and
extraordinary maintenance work provided for in the park's management plan is no longer sufficient to
ensure the proper regulation of the water and the efficiency of the drainage network and to prevent or
limit the damage cawet by flooding. To solve this specific problem, it is necessary to plan a structural
intervention, challenging also in economic terms, adapting the hydraulic structures to the current
hydraulic flows and especially to those expected in the near futurelation to climate change, to be
carried out in agreement with the competent municipal technical offices and with the bodies in charge
of managing the covered hydrographic network of the city of Bologna.

From an operational point of view, it is stressedttthe constant monitoring of the green area, starting
from the vulnerability map functional to highlight the most sensitive areas with respect to this specific
issue (seeage 14, is the basis of the programe of functional interventions to manage this specific
aspect and that for the near future will have to be adapted in frequency and type to the new weather
events foreshadowed by the climate projections returned by the WGT tool.
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The more and mordrequent and intense rains concentrated in a short time cause significant damage in the
network of paths and in the regulation of surface water in parks and gardens. Some examples in the Park of Villa
Ghigi in Bologna: one of the secondary entrances (umieure) and two sections of the path network (lower
pictures).
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3.2 Landslide s

Given the geological and geomorphological nature of the valley in which the park is located, and more
generally of the Bologna hills, episodes of hydrogeological instabiléywidespread in the area,
accompanied by more or less significant landslides, as the map on page 9 clearly shows. These episodes
are partly attributable to the abandonment of farming, which has led to the cessation of the good
practices of regulation ancare of the land that were once carried out regularly by those who cultivated
the land, and which included regular maintenance, cleaning and reshaping of ditches and drainage
ditches, care of hydraulic structures and other functional works to maintainefffieiency of the
drainage network and ensure the stability of the slopes. These preventive measures are currently carried
out regularly in the park, as part of the management plan for the green area, thanks also to the specific
vulnerability map (see p&gl4). Nevertheless, in recent years there have been episodes of instability,
including a landslide movement of limited dimensions that also affected a section of the main road; the
movement occurred in the spring of 2013 following a prolonged period iofaih that most likely
triggered the episode.

'
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The landslide repair work took place in the park in the spring of 2013 following a prolonged period of iHirfall.
restoration work, carried out promptly, has stopped the regularly monitored landslide mewe for the time
being.
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Deposito di frana attiva per crollo e\a ribaltamento

- Deposito di frana attiva per scivolamento

- Deposito di frana attiva per colamento di fango

- Deposito di frana attiva per colamento detritico

- Deposito di frana attiva complessa

- Deposito di frana quiescente per scivolamento

- Deposito di frana quiescente per colamento di fango

Deposito di frana quiescente complessa

Eventi di frana storicamente documentati

Frana con eventi i di limitata

Frana con eventi storicamente documentati

servizio geologico w——
sismico e dei suoll EniliaRomagna

The whole hill of Bologna, which includes the area of the pilot site, is
characterised by a high risk of landslides as it is highlighted in the above
map elaborated by the Emilia Romagna Region in whieh active
landslide areas (purple/red colour), the quiescent landslide areas (orange
colour) and the landslide areas documented in the past (yellow colour)
are reported.
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The specific geological survey
carried out in Vills&Ghigi Park
showed the presence of

active movements
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B “~— a continuous line) and
e ST o= quiescent landslides
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park. In the image to the side
a detail of the geological map
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Foundation headquarters.
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3.3 Windstorms and snow

Storms associated with windstorms, which in the Bologna area are concentrated mainly in summer, can
have a ruinous impact on the park's tree heritagausing branches and twigs to snap off or entire
specimens to collapse, thus posing a risk to people and property. Similar effects on the trees can also
be caused by heavy snowfall, especially on evergreen tree species, or by unseasonal snowfall
(concentated in late autumn or early spring), which mainly affects deciduous species as the presence
of foliage increases the static load on the plants.

The Park Management Plan includes the Tree Management Plan from a risk management perspective,
aimed at riskassessment and management. The plan includes argfeoenced census for the
knowledge of the tree heritage (with a database and tree register), mapping of the territory (zoning) to
identify the areas at greater risk with respect to the main vulneralsli(@e map on page 14), periodic
checks of the trees thanks to selective cyclical monitoring and, lastly, a tree care plan through direct
operations (felling, pruning, anchoring, etc.) and phytosanitary and stability assessments. This procedure
makes it pasible to define an intervention programme based on the real care needs of the trees and to
establish clear and objective priority levels for intervention. Among the trees subjected to increased
control are several centuriesld trees due to their specialalue in historic gardens, as they are
particularly sensitive to storms associated with windstorms. Over the years, numerous static surveys
(see page 12) have been carried out on these specimens by highly qualified personnel using
sophisticated techniques.

A rest area near a large linden tree was closed after a branch of the tree collapsed during a summer storm (left). @he crushe
branch of the lime tree did not crash to the ground because it was held to the rest of the foliage by a syaitées;afonsolidation
work was carried out following instrumental surveys that had revealed the plant's precarious structural condition.
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STUDIO TECNOFOREST

Consulenza e Progettazione del Verde Ornamentale
Valutazione Stabilita Alberi con i i dologi - D.L. Opere a Verde - Ambiente e Territorio

Dott. Forestale Vincenzo Blotta I =
‘ § =

S*-an P

W/ SA

E-MAIL CERTIFICATA studio.tecnoforest@pec.it
CERTIFICAZIONE Valutazlone Rischio Arboreo QTRA
ABILITAZIONE LAVORI IN QUOTA PLE (piattaforma mobile)

Via Aguochi 362 40133 Bologna
Tel. e Fax 051.9910327 - 326,4512176
E-mail studio.fe ai

g
P. IVA 01889291207

diM gl
C.F. BLTVCN67P19F735T

ISCRIZIONE N*917 ALBO DOTTORI AGRONOM! E FORESTALI DELLA PROV. DI BOLOGNA
CERTIFICAZIONE European Tree Technician (ETT) ID 004521

ABILITAZIONE TREE CLIMBING (lavori in quota su alberl)

2018_12 Tom. Elettrica H=100 cm

2018_12 Tom. Sonica H=100 cm

A centuriesold oak tree (Quercus
pubescens) with a stem diameter
of 160 cm, located in the centief
the historic garden near Villa Ghigi,
is one of the plants included in the
Census of the park's arboreal
heritage (no. 122532) and has been
the subject of constant monitoring
and instrumental static surveys for
many years in order to assess its
condition and plan the cultivation
work necessary for its
conservation.
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34  Long term increase of temperature and drought

The damage to the vegetation due to the increase in drought periods and temperatures is now evident
both in thewhole Bologna area and in the park, and the climatic trends underway have been amply
confirmed by the WGT data, both historical and projected for the future. Crossing the data extrapolated
from the WGT with some important episodes of desiccation that lv@earred in the last decade in the
park, it has been possible to unequivocally confirm a correspondence between the decline in vegetation
and the temperature peaks recorded in some years (as shown below on page 19).

The effects of prolonged drought and dtewaves affect all vegetation components across the board,
but are more pronounced on senescent trees (which see their decline accelerate) and on species that
are more sensitive to drought (such as mesophilic species typical of other phytoclimatic belts)

Themajesticspecimenof oak (Quercus pubescens) inside the Villa Ghigi Park subject to a progressive decline
startingfrom 2011 that led to drying ughe decay phase of the plant lasted for about ten years but, despite the
analyses and treatments undeiten,the oak dried up in 2018.
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VILLA GHIGI PARK — Map of Vulnerability

Vulnerability — Flash floods

- Area with low vulnerability
[] Areawith medium vulnerability
I Area with high vuinerability

Bl Areawith maximum vulnerability

VILLA GHIGI PARK — Map of Vulnerability

Vulnerability — Landslides

[ Areawith low vulnerability

D Area with medium vulnerability
B Areawith high vulnerability

- Area with maximum vulnerability

VILLA GHIGI PARK — Map of Vulnerability

Vulnerability — Windstorms / Snow
- Area with low vulnerability

E] Area with medium vulnerability
[ Area with high vuinerability

Bl Area with maximum vulnerability
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As part of the Park
Management Plan, the
area of the Villa Ghigi
Park pilot site was zoned
according to the main
vulnerabilities identified
in order to improve
management and set up
pre- and postevent
contingency plans.

More attention has
been paid to areas
that may be subject
to flash floods (top
map), those at risk of
landslides (side map)
and areas of the park
that may be subject
to damage in the
event of high winds or
snowstorms (bottom
map).
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3.5  Methodology for ranking vulnerability of cultural heritage

At the end of the chapter, the vulnerability calculation for Villa Ghigi Park is presented using the
methodology for ranking vulnerability of cultural heritage and the STRENCH guidelines foahilityer
evaluation (Annex D.T1.2.2).
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Requirament 1 Requirement 2 Requirement 3

Particular attention was given in the calculation to the suiteria related to the tree heritage (such as
CR1.3a Trees), which represent for the pilot site Villa Ghigi Park one of the most important elentents
more prone to damage in case of extreme events.

The vulnerability value for Villa Ghigi Park calculated is:

Vulnerability= 0.70 x Susceptibility + 0.3(Exposure- 0.30 x Resilience
V=(0.70>0.48 + (0.30 0.68) - (0.30 x0.55 = 0.336 + 0.2040.165 =0.375

Vulnerability = 0.375
With 0<V<1 (low to high vulnerability)
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4, Use of WebGIS "Risk Mapping Tool for Cultural Heritage ProtectioN'GT

The WGT tool uses a series of extreme climate indices selected from the 27 stmuieed defined by

the Commission for Climatology/World Climate Research Programme/Technical Commission for
Oceanography and Marine Meteorology (CCI/WCRP/JCOMM) Expert Team on Climate Change Detection
Indices (ETCCDI).

The following table summarises thedices considered by the WGT with the reasons that make their
analysis important for the Villa Ghigi Park pilot site.

Index Definition / description Reason
R20mm Veryheavyprecipitation days Possibldlashfloods.
Number of days in a yearwith precipitation
larger or equal 20mm/day.
RO5pTOT Precipitationdueto extremelywet days Possible flash floods.
The total precipitation in a year cumulated over all days Poss.,lbm.ty of heavy
. S . erosionin the area,
whendaily precipitationislargerthan the 95th percentile of o
. S . i possibility of
daily precipitation on wetdays. A wet day is definedas landslid
havinglaily precipitation)x1 mm/day. Athreshold based on andsiides.
the 95th percentileselectsonly 5%0f the mostextremewet
days over a 30 yearlong reference period.
Rx5day Highest5-day precipitation amount Possibility of heavy
Yearly maximum of cumulatedprecipitation er05|pr_1_|n the area,
. . possibility of
over consecutive5-day periods. , .
landslides,  possible
vegetation damage in
case of snow.
CDD Maximum number of consecutivedrydays Possible vegetation
: . . ) damage.
Maximumlengthof adry spellin ayearthat is the maximum
number in a yeaof consecutivedry dayswith daily
precipitationsmallerthan 1 mm/day.
Tx90p Extremelywarm days Possible vegetation
] o damage.
Percentage of days in a year when daiaximum
temperature is greater thathe 90th percentile. A threshold
based on the 90th percentile selects only 10% the
warmestdaysovera30yearlong referenceperiod.
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4.1  Useof WGT for investigation of past events

From the OPEN SEARCH section of the WGT it was possible to investigate past events concerning the
pilot site area.

Among the various indices available, some provided by the Copernicus satellites were selected. They
show particularly significant data for the pilot site because they are linked to important events that have
affected the park in the past.

Of particular interest for the precipitation theme were the R20mm and CWD indices, which cover a 40
year period from1981 to 2020. The CDD and TR index of tropical nights were of most interest for the
tree stock.

The following pages show the graphs related to the area in which the pilot site is located (Bologna hills),
which have allowed us to discover or confirm in ecwimented way a couple of causéfect links
between some important events of various nature that occurred in the park and the climatic trends
recorded by the Copernicus satellites.
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The indexVery heavy precipitation daygR20mn) shows a significardifference between the period 1981/2000

and 2000/2020, with a marked increase in very heavy precipitation days in the latter period: there are four peaks of
12 days in two cases and 13 days in as many cases, compared with maximum values of 10 daysriartperiod.
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The index showing the number of consecutive wet d&M/ shows the highest peak coinciding with 2013, the

year in which the last major landslide event occurred in the park (photo on page 8).
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STRENCH_ERASLand_Tx99p_Y_4326_01

Days
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The graph of thé&xtremely warm day$ndex (Tx99p) shows the highest peaks after 200@&ar2011 was theone

with the highest value of 35 days. In that year there was a long dry period with important consequences for the
park's tree population: 2011 marks the beginning of the decline ofairibe largest oaks (photo on page 13) and
other old trees in the park. In the case of the oak, the death of the plant became apparent after the subsequent
peak in 2017.

STRENCH_ERASLand_TR_Y_4326_01

Days

TheTropical nights (TRpdex confirms the trend of the previous graph: there are five peaks corresponding to five
years with more than 40 days concentrated in the most recent period (after 1998) and the year 2011 is among
them; the peaks showing the years with the lowest numbgtropical nights are mainly concentrated in the least
recent period: before 1998 there are four years with less than 10 days compared to only one in the last twenty
years.
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5. Use WGTTor creating climate maps

Once the current state of vulnerability of a historical garden has been ascertained, it is important to
imagine what the future climatic variations might be in order to manage it correctly.

TheWebGIS tootRisk Mapping Tool for Cultural Heritage Protemti' (WGT) allows the elaboration of
forecast maps based on climate modelling, in order to check if the current strategies are suitable to face
future climate scenarios and to understand which improvements might be necessary.

The approach was to collect psof the area from the WebGIS application with past (12916), near
future (20222050) and far future (207#2100) projections (Model ensemble statistics / Maximum / RCP
4.5 and RCP 8.5).

Forecast maps for Villa Ghigi Park and Bologna Hills were drieased on climate modelling for all five
available climate indices and for each of them both future emission scenarios described in the latest
IPCC (Intergovernmental Pame Climate Change) were considered:

- RCP 4.5 greenhouse gas emission stabilisatienario.
- RCP 8.5 high pathway scenario characterised by increasing GHG emissions over time.

The processing thus resulted in five comparable maps for each index. Each group of maps provided a
series of interesting data on which some brief interpretatinypotheses were made, alsonsidering
the historical data available from the OPENSEARCH graphs.

The table below summarises the values of the maps presented on the following pages.

Near future Far future Near future Far future
RCP 4.5 RCP 4.5 RCP 8.5 RCP 8.5
Index
R20mm
(days) 1-2 2-3 2-3 3
R95pTOT|
(mm) 60-70 70-80 70 120-130
Rx5day
(mm) 30-35 20-25 25-30 40
CDD
(days) 6-7 5 5-6 13-14
TX90p
(%) 10 20 13 50
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5.1  Very heavy precipitation days
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Map for the near
future dataset on
r20mm in the
rcp85 scenao

Map for the far
future dataset on
r20mm in the
rcp85 scenario

The forecast maps show a slight increase in the number of days with the possibility of heavy rainfall in
the RCP 4.5 scenario, especially in the far future; the change becomes slightly more pronounced in the
RCP 8.5 scenario alreadytlie near future, although the increase is always in the order8fdays. On

the basis of these projections, an increase in the number of rainy days can be expected with some
probability, which in some cases could trigger flash floods.
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