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Protection of European Cultural Heritage from Geo - Hazards

Mapping geohazards affecting UNESCO World
Heritage sites in the UK using satellite INSAR data:
the JPI-CH project PROTHEGO

Dr Francesca Cigna
British Geological Survey, UK
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Seismic hazard PROTHEGO

Kat h ma nTdalakyga Mohan Narayan Temple, Nepal

Bef or e

The 2"d Huangshan Dialogue, 11-15 Sept 2016 3
Dr F. Cigna, British Geological Survey, UK

&3 LINIVERSITA

CULTURAL HERITAGE H lgy_“ 5“5 48

A CHALLENGE FOR EUROPE

IBlll




. ML%{E@@EJ
Land subsidence PROTHEGO
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20-30 cm/year subsidence
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Landslides & flooding PROTL.EE%S

*rotection of Evropean Cultural Heritage froe Hazard:

Agri gent o 6o Cohemdpltiale

Saltaire, UK

Christmas flood 2015
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Volcanic hazards

Mount Etna, Italy Stromboli, Aeolian Islands, Italy
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UNESCO World Heritage List [T

Protection of Evopean Cultural Heritage from Geo - Hazards
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*Geohazards: Earthquakes, eruptions, tsunamis, landslides and rapid erosion.
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Protection of Evopean Cultural Heritage from Geo - H

Objective To make an innovative contribution towards the analysis of geohazar
In the 400+ UNESCO World Heritage sites in Europe
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Protection of European Cultural Heritage from Geo - Hazards
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Funding Call

CULTURAL HERITAGE

A CHALLENGE FOR EUROPE

Joint Programming Initiative on Cultural Heritage and Global Change (JPI-CH)
HERITAGE PLUS Call 2014

under ERA-NET Plus and the Seventh Framework Programme (FP7) of the EC

Objective: to promote safeguarding of cultural heritage (tangible, intangible, digital)

Call process: Eol (stage 1) + Full Proposals (stage 2)

Budget: 6. 6 Mu (Nationas9). 7+ M. 1 Mu ( EC)

Eols received: 352

Invited to stage 2: 61 Success rate < 5% |

Full Proposals: 58 A SU 0"

Funded: 16

LA H . lgﬂ\ § Eug .};) The 2" Huangshan Dialogue, 11-15 Sept 2016 9

Dr F. Cigna, British Geological Survey, UK

A CHALLENGE FOR EURDPE ilnltni !




@fﬂl ”l = rL- / \J

. IS5
Project Partners PROTHEGO

ISPRA British

BGS
= Geological Survey

NATURAL ENVIRONMENT RESEARCH COUNCIL

Istituto Superiore per la Protezione
e la Ricerca Ambientale

Institute for Environmental Protection and Research, Italy British Geological Survey - NERC, UK
ISPRA PI1 & Project Coordinator: Dr C. Margottini NERC PI: Dr F. Cigna
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University of Milano-Bicocca, Italy
UNIMIB PI: Prof G.B. Crosta
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Associate Partners ML A

PROTHEGO

INTERNATIONAL

ISTITUTO SUPERIORE

CONSORTIUM PER LA CONSERVAZIONE

€D IL RESTAURD

ON LANDSLIDES

ZYNAEEMOZX KYTIPIQN APXAIOAOIQN

T.K 20058, 1600 AEYKQZX1A - KYTIPOZ

R\ ASSOCIATION OF CYPRIOTARCHAEOLOGIST S
P.O.BOX 20058, 1600 NICOSIA -
acarchaeologists@gmail.com

4 /':'\ Patronato de la Alnambra y Generalife EEEEE! A !
Tl CONSEJERIA DE CULTURA

ENGINEERING SOLUTIONS

SOVRINTENDENZA CAPITOLINA

Al BENI CULTURALI

LANDSCAPE

RESEARCH &

MANAGEMENT Trent & Peak
WORLD HERITAGE SITE {AEOLOQGY

Partner Typology Role
UNESCO WHC, Climate Change and
Natural Hazards focal point

United Nation Agency

ESA 1 European Space Agency European Agency Steering
EGS 1 EuroGeoSurveys Associ.ation of EU Committee
Geological Surveys
Petra Archaeological Park - Jordan World Heritage Site
ICL International Consortium on International Research
Landslides consortium

ISCR Istituto Superiore per la
Conservazione ed il Restauro
CRSS Cyprus Remote Sensing Society SME

Politecnica Madrid - Alert geo-materials
Royal Academy of Sciences Seville

Public Agency

Stakeholders
Public University

CSPfea SME
Association of Cypriot Archaeologists Non-profit _S(_:lentlflc
Association
Patronato de la Alhambra y Generalife Public Authority
Sovrintendenza Capitolina i Roma Technical body of the
Capitale municipality of Rome

Geo-archaeological
landscape consultancy

World Heritage Site

Landscape Research & Management Demo. Site

Stakeholders

Derwent Valley Mills World Heritage Site

Board
Trent & Peak Archaeology and Archaeological heritage
the York Archaeological Trust Service provider
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Cultural Heritage from Geo - Hazards

ATo apply novel space technologies and remote sensing methods (e.g. INSAR) to
monitor monuments and sites potentially unstable due to geohazards

ATo identify the most endangered sites across Europe

ATo showcase the methodological approach at the local scale for a set of demo-sites
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PROTHEGO
ID WP Title Lead Organisation
WP1: UNESCO Cultural heritage vs. Natural hazards g*g ISPRA
at Euro pean sc ale s e
WP2: Harmonisation of PS data, and creation of (& British
. Geological Survey
dlgltal faCtSheetS ? NATURAL ENVIRONMENT RESEARCH COUNCIL
WP3: Integration of PS and geo-hazard products and | .,..cm
implementation of multi-criteria methodology - ol
e . BICOCCA
WP4: Identification of most endangered sites |
WP5: Local-scale monitoring
WP6: Local gcale investigation and Advanced ‘) it Cealtigics
modelling » y Minero de Esparia
) ) ) ) ) @ \ British
WP7: Dissemination and communication BGS) Geological Survey
WPS8: Project Management g*? ISPRA
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European scale

&

s n () &N
L[l “”_J: — N
e — ¥ g

S

A
:;,7—"

70°N

55°N

50°N

45°N

40°N

35°N

30°N

; . ISL-e p
e
&

* Capital City

UNESCO Sites2015
Ve \\\
,.

B CH15_cult
1 CH15_mix
B CH15_nat

UNESCO EU sites 2015
Category

A Cultural

A Mixed

A Natural

70°N

65°N

60°N

55°N

S0°N

45°N

40°N

35°N

30°N



National scale

Protection of Evropean Cultural Heritage from Geo - Hazards
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Demonstration sites PROTHEGO

an Cultural Heritage

Historic Centre of Rome (ltaly) Alhambra (Spain)
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UNESCO WHS in the UK

Category of site
@ Cultural site @ Natural site @ Mixed site

Site inscribed on the List of World Heritage in Danger
@ Cultural site @ Natural site @ Mixed site

A26 in Great Britain & N. Ireland
A4 overseas

; 25 Cultural heritage
{ A4 Natural heritage
' 1 Mixed

Alin Danger !

Liverpool i Maritime Mercantile City




]

gr=a ™5

UNESCO WHS in the UK: geology

Protection of Evropean Cultural Heritage from Geo - Hazards

Heartof She? CiGNA et al. (2016) SPIE Proceedings
Orkney T

@B UNESCO WHL sites

StkKilda iy

Sedimentary rocks
Cenozoic

Quaternary, Neogene and Palaeogene The Forth Bridge

Mesozoic

Old and New Towns of Edinburgh

Giant's Causeway and
Causeway coast
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S E@iﬁﬁi} | Roman Empire
_ §

Durham Castle and Cathedral

Palaeozoic
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Geohazards: natural and human-influenced PRQIHE
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Derwent Valley Mills: heritage

A Development of manufacturing industry and technological innovation

T
MILLS
%)

WORLD HERITAGE SITE

A Birth of the factory system; new types of building were erected to
house ground-breaking technology for water-powered manufacturing

A First modern industrial communities; mill owners provided housing and
facilities to attract and retain a workforce

North Mill, Belper

East Mill, Belper

Leawood pumphouse

A
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Derwent Valley Mills: heritage

AThe site contains a fascinating series of mill complexes, the watercourses that
powered them and the settlements developed for workers

AThe factory system of the DVM was copied in many parts of Britain and abroad
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PROTHEGO

Derwent Valley Mills: geohazards

Derby Silk Mill (April 2013)

The river Derwent in flood in Belper (Jan 2013)

© Daily Telegraph




Derwent Valley Mills: geohazards

PROTH EGO

Protection of Evopean Cultural Heritage from Geo - Hazards
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National Landslide Database
* QA checked
QA not checked

DiGMapGB 1:50,000
[[Im] Landslide deposit (unclassified)

DiGMapGB 1:625,000

—— Fault

[ ]
]

Triassic rocks (undiff.)
Mudstone, siltstone and sandstone

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

]

[ ]
[ ]

Bowland High Group and Craven Group (undif.)
Mudstone, siltstone and sandstone

Mississippian rocks (undiff.)
Limestone with subordinate sandstone
and argillaceous rocks

Unnamed igneous intrusion,
Carboniferous to Permian
Mafic igneous-rock

Unnamed extrusive rocks, Carboniferous
Mafic lava and tuff

CIGNA et al. (2016) SPIE Proceedings
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Derwent Valley Mills: geohazards PROTHEGO
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(a) Geological Indicators of Flooding (b) Susceptibility to Groundwater Flooding (c) Landslide susceptibility
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CIGNA et al. (2016) SPIE Proceedings



Derwent Valley Mills: climate change PROTHE

of Evropean Cultural Heritage
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In 2050 and 2080, the catchment is projected to experience drier

. . . . . . CIGNA et al. (2016) SPIE Proceedings
warmer summers, wetter winters, higher intensity winter rainfall.
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Derwent Valley Mills: climate change

Subsidence
A Clay shrink-swell is controlled by variations in soil moisture, driven primarily by rainfall
A Drier weather and increased summer temp. can exacerbate drying out and favour shrinkage
A Impacts to buildings and infrastructure might occur

Mill foundations (18t-19t™ centuries) might have
difficulties withstanding enhanced ground movement

© British Geological Survey that may occur through climate change



