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THREATS AFFECTING CH
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Diagram 4: Percentage of World Heritage properties affected by each primary group of threats
(years progressing from 2005 to 2009, from left to right)30
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THREATS FACING CULTURAL
fesseiasey  HERITAGE (ICCROM 2006, modified)

Natural causes

Immediate
drastic effects
(rapid onset)

Earthquake, volcanic
eruption, landslide, flood,
tsunami, typhoon, hurricane,
lightning, haisform, extreme
rainfall, etc.

War, fires, restoration works,
illegal excavation, ilegal
frade, urban development,
vandalism, theft, fanatism,
etc.

Climate, erosion, settiement,
moisture, corrosion, poliution,
salt dissolution, micro-
organisms, vegetation,
animals (insect, birds,
rodents) dust efc.

Heavy fraffic, abrasion,
tourism, graffiti,
abandonment, ignorance,
lack of legislation,
inadequate attention, etc.
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Slow and/or
cumulative
effects
(slow onset)
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Known Exposure
of WH to Geo-Hazards Worldwide level
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76% whole World Heritge is potentially affected by at least one geo- hazards

Article 11 of the Convention (Protection of WH) include sites threatened also by armed conflicts, accelerated deterioration, calamities and

cataclysms, and rapid urban or tourist development

(GRDP) and Global Volcanism Programme (GVP) dataset
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Cultural Heritage are continuously impacted and weathered by several internal and external
factors, with both rapid and slow onset, including natural hazards, such as landslides, sinkholes,
settlement, subsidence, earthquakes or extreme meteorological events.

" 362 cultural sites

=
L

28 natural sites

B

v’ To make an innovative contribution towards the analysis of geo-hazards in areas of Cultural

Heritage in Europe;

v To apply novel space technology based on radar interferometry (INSAR) to monitor
monuments and sites in Europe which are potentially unstable due to geo-hazards;

v’ To combine remotely sensed information on ground stability and motion with geo-hazard
datasets available for Europe to identify the most endangered sites across Europe.
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PROTHEGO Work Plan

WP7 - Dissemination and communication

WRP3 - Integration
of PS and geo-
hazard products

and implementation

WP2 -
Harmonisation of
PS data and
creation of digital
factsheets

WP1 - UNESCO
Cultural heritage
Vs. Natural Hazard
at European scale

WP4 - Identification
of most endangered
sites

WPS - Local scale
monitoring
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Intstute Supersone per 1a Protcrione
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WPE - Local scale
investigation and
advanced
modelling

WPS8 - Project Management
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WP1, European WH vs. Geo-
hazards:

WHL Boundaries, Europe
s,
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WH vs. Landsllde Hazard
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WP1 European WH Vs Geo-
hazards:
WH vs. Volcanic Hazard
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11 volcanoes in Europe can
produce effects on WHL Sites.

7 of these Sites are in Italy.
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WP1 European WH Vs Geo-
hazards:
WH vs. Hydraulic criticity
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i — WP1 first output: B oo () sa
S— European WH vs. Geo- R
Hazards

399 UNESCO European CH 2351 single polygons CH
UNESCO WH Geo-Hazard preliminary analysis
General
European
WH Sites
ATLAS
s i I 27% high and very high 41 single CH affected
10% high seismic hazard landslide hazard by volcanic hazard
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e e9®  WP2: Harmonization of PS Eﬁ_cﬂ% o P
data and creation of digital ""““‘“"'"
factsheets
Overview of satellite SAR missions in C-, X- and L-band, DATA SOURCES
their operational lifetime and typical revisiting times 1. PS datasets from the ESA-GMES Terrafirma project
(©TRE ALTAMIRA 2016, 2. PS datasets from the Italian EPRS-E

http://tre-altamira.com/technology/)

3. PS datasets made available via other projects
4. Literature review

® Data gap
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For all the EUROPEAN UNESCO WH Sites a synthetic digital factsheets was implemented and fulfilled with all
collected data concerning level of Geo-Hazard and SAR data (where available)

UNESCO World Heritage Sites | ]

Property | Description and Criteria | Overall Hazard Risk

Satellite Data Availability Detailed Hazard Risk and Satellite Data Availability

UNESCO World Heritage Sites ]

. Property Description and Criteria i

Satellite Data Availability

Overall Hazard Risk | I

Detailed Hazard Risk and Satellite Data Availability

SITE DESCRIPTION:

Much of the landscape of Cornwall and West Devon was transformed in the 18th and
early 19th centuries as a result of the rapid growth of pioneering copper and tin
mining. Its deep underground mines, engine houses, foundries, new towns,
smallholdings, ports and harbours, and their ancillary industries together reflect prolific
innovation which, in the early 19th century, enabled the region to produce two-thirds
of the world’s supply of copper. The substantial remains are a testimony to the
contribution Cornwall and West Devon made to the Industrial Revolution in the rest of
Britain and to the fundamental influence the area had on the mining world at large.
Cornish technology embodied in engines, engine houses and mining eguipment was
exported around the world. Cornwall and West Devon were the heartland from which
mining technology rapidly spread.

CRITERIA: Null

Create PDF

UNESCO World Hel ge Sites

Property Description and Criteria Overall Hazard Risk

Satellite Data Availability ‘ Detailed Hazard Risk and Satellite Data Availability

GEOHAZARD RISK ACROSS ENTIRE SITE

LANDSLIDE RISK
Risk Category (Entire Site): Medium (2)
Explanation: Content still to come

SEISMIC RISK 31
Risk Category (Entire Site): Low (1)
Explanation: Content still to come

VOLCANIC RISK
Risk Category (Entire Site): No hazard present
Explanation: Content still to come

Create PDF

SATELLITE DATA AVAILABILITY ACROSS THE ENTIRE SITE
ERS Data (Entire Site): No ERS satellite data available
Envisat Data (Entire Site): No Envisat satellite data available

Combined ERS and Envisat Data (Entire Site): No combined ERS and Envisat
satellite data available

CSK Data (Entire Site): No CSK satellite data available

Create PDF

UNESCO World H age Sites

Property Description and Criteria Overall Hazard Risk

Satellite Data Availability ‘ Detailed Hazard Risk and Satellite Data Availability |

Please click on a specific pelygen (yellow peint) to receive detailed site information

Create PDF
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;ggﬁggg- WP3&WP4: Integration of PS and - Eﬁ-%%% (Y ISPRA
 Protechzsave B
implementation of multicriteria

methodology
Risk analysis based on PROTHEGO methodology b

a) Definition of the type of WHL site —
Reclassification of the cultural heritage places on the basis of the classes defined by the . 00-01
International Council on Monuments and Sites (ICOMOS, The World Heritage List: Filling b
the Gaps - an Action Plan for the Future) 01-04
04-05|
* 05-08
b) Identification of the hazards affecting the WHL sites - om-or|

s o708

A Hazard level (reclassified from 0 to 1) at each WHL site has been calculated based on:
1)  Seismic Hazard Map (European seismic hazard model, EPEHR).

2)  European Landslide Susceptibility Map (ELSUS1000). 5
3)  Hazard map of active Volcanoes in Europe

c) Potential Damage Vector

-, - 0 500 1.000Km
The Potential damage vector for each hazard is based on 5 level » ) State ol
from very low (score = 1) to very high (score = 5) for each site classification: Gosition Siteame Name
. 1 Historic Centre of Naples Italy -
> type vulnerability score, TYP Potential damage _ _
- people vulnerability score, PEO vector 2 ﬁ;i:if:;gﬁﬁa;ﬁ;eﬁsri el Italy
- position vulnerability score, POS Annunziata
Sanctuary of Asklepios at
. . 3 G
d) Risk and Total Risk Epidaurus reece
Risk = Potential damage vector x Hazard 4  MountEtna Italy -
Total Risk defined as the sum of each Risk score normalized from 0 to 1 s Historic Centres of Berat and o
Gjirokastra
6  Costiera Amalfitana Italy -

PROTHEGO
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General Methodology

FIELD MONITORING

InSAR Identify Identify

monitoring Hazard Laser Tota] & Assess
scanner R Damage
& Leveli

Documentation
Measure change
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fgesssieser  monitoring, investigation and Sl

advanced modelling

The Satellite Interferometry analysis, will be validated, calibrated and tested through site scale
field survey, geotechnical advanced model and detailed monitoring data

7 Test Sites:

Rome (IT);

Pompei (IT);

Derwent Valley Mills (UK);
Alhambra (ES);
Choirokoitia (CY).
Cinqueterre (IT)

The Tramuntana Range
(SP)

NourwbpE

PROTHEGO
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i WP6: Test Site 1 B o
A— Rome Historic Centre (IT) L

PROTHEGO
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WP6: Test Site 2 - Pompei (IT) - #.fﬁﬁﬁ:é

35 structural and geological phenomena occurred in the last ten years
in the sites were investigated through back analysis using SAR data

Necropoli
Porta
Nocera
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iictics® b6 Test Site 3 Derwent [ Atz
. Protectzsave Valley Mills (UK) o

Topographical and geological setting

427000

UNESCO WHL site
i Bufier Zone

i:] Core Area

8 National Landslide Database
i *QAchecked
QA not checked

DiGMapGRB 1:50,000
g m Landslide deposit (unclassified)

DiGMapGB 1:625,000
—— Fault

Triassic rocks (undiff.)
Mudstone, siltstone and sandstone

I: Triassic rocks (undiff.)
Sandstone and conclomerate, interbedded

Pennine Middle Coal Measures Fm. and

South Wales Middle Coal Measures Fm. (undiff.)
Mudstone, siltstone, sandstone, coal,

ironstone and ferricrete

Pennine Lower Coal Measures Fm. and

South Wales Middle Coal Measures Fm. (undif.)
Mudstone, siltstone, sandstone, coal,

ironstone and ferricrete

Millstone Grit Group

Mudstone, siltstone and sandstone

30 - Ea or N . . =14 % 3 & I:l Bowland High Group and Craven Group (undif.)
[Jcorearea i X S k ¥ 3 Mudstone, siltstone and sandstane

I:’l Mississippian rocks (undiff.)

2 | NEXTMap DTM ] Limestone with subordinate sandstone
g- Elevation {m] g and argillaceous rocks
+850
3" - Unnamed igneous intrusion,
Carboniferous to Permian

g - ; Mafic igneous-rock

| -80 b Unnamed extrusive rocks, Carboniferous

T Mafic lava and tuff
427000 4. 00 433000
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iierreS M\ b6 Test Site 3 Derwent - Eﬁ_ﬂg{}lﬁ%
R— Valley Mills (UK) o

Geohazard mapping in DVMWHS in present day climate conditions

() Geological Indicators of Flooding  (b) Susceptibility to Groundwater Flooding  (c) Landslide susceptibility Pie charts showing the relative
= i beon. &1 Ao areal coverage of hazard classes

- [ I mA
D2kl 7 =5 . within the core area and buffer
S S B¢ - . zone based on 3 BGS datasets
T Ona.
‘\_ 8, 7.7% o
N e . s Ay

Core Area

g
/
Ilm:l Indlcators,
46.8%
~\ |

I, 2.3%

1Fhudal, 4.7%

=& Fluvial, 0.5%

- =

s
W I A
s/ \
N \
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§
@ l'\ no indicators, /

94.9% /
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ntorreasm WPé6: Test Site 4 B oo
S— Alhambra, Granada (ES) mIERIE

Alhambra IR : : EN
Generalife y Y | ok -3D modeling (TLS, U_AV)
Albaicin de '_ 0 . -Geote deling

Granada

Terrestrial Laser Scanner
University of Granada

= 18/04/2007
01/2013 event
Small debris flow
13/02/2013
27/12/2013
06/05/2014
14/10/2014
24/09/2015
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Tramuntana Range (SP) S

Roman cistern Arabian dry stone walls

Cultural heritage at risk Landslides
lateral spreading)

Cultural Landscape of the Serra de Tramuntana Was declared in 2011 a World Heritage Site by UNESCO.

“... paths, terraces, walls and traditional constructions in dry stone, a mark left by humans integrated with nature harmoniously...”
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SAR Interferometry analysis: ALOS, L-band (2007-2010)
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v" Updated general overview of UNESCO European CH affected by geo-hazard
from static to dynamic hazard assessment with the Satellite monitoring;

v Ranking the WHL site in order to prioritize the resources, conservation,
management and policies actions

<\

Downscaling the approach and methodologies with PS ground motion data;

<

Identify, assess and monitor risks, strengthening disaster preparedness at
heritage properties;

<\

Enhancement of cultural heritage risk awareness and risk management

AN

Strengthen institutional support and governance through knowledge and
innovation;

We are planning a final project event to invite WHS

managers and stakeholders at the UNESCO

headquarters in Paris (end of March 2018) in order to #EuropeForCulture
share and disseminate the final results and database
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