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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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UNESCO World Heritage List

PR

WHL as of Sept 2016 : Category of site

@ Cultural site @ Natural site @ Mixed site

1 052 34 2 55 81 4 1 55 ; Site inscribed on the List of World Heritage in Danger

Properties Trnhowndary  Dellsled  mOanger  Culurl States Parties | @ Cultural site @ Natural site @ Mixed site
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PROTHEGO

Seismic hazard

Kathmandu’s Trailokya Mohan Narayan Temple, Nepal

Before the 2015 earthquake...
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L and subsidence PROTHEGO

of Ewopean Culty

Mexico City’s Cathedral

20-30 cm/year subsidence
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Landslides & flooding PROTL.EE%S

*rotection of Evropean Cultural Heritage froe Hazard:

Agrigento’s Temple of Concord, Italy

Saltaire, UK

Christmas flood 2015
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Volcanic hazards

Mount Etna, Italy Stromboli, Aeolian Islands, Italy

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

Source: Boccardi & Pavlova (IAEG, 2014)

b CULTURAL HERITAGE ‘

A CHALLENGE FOR EUROPE

........

&3 LINIVERSITA

3
»

The 2"d Huangshan Dialogue, 11-15 Sept 2016

Dr F. Cigna, British Geological Survey, UK


http://preview.grid.unep.ch/

azards

ar @A
The project (N

Protection of Evopean Cultural Heritage from Geo - H

Objective: To make an innovative contribution towards the analysis of geohazards
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 M€ (National) + 3.1 M€ (EC) = 9.7 M€
Eols received: 352
Invited to stage 2: 61
- 3uccess rate < 5% |
Full Proposals: 58
Funded: 16

The 2"d Huangshan Dialogue, 11-15 Sept 2016
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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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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 — European Space Agency European Agency Steering
EGS - 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 — 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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PROTHEGO’s objectives TS

PROTHEGO

of Ewopean Culty

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

= To identify the most endangered sites across Europe

= To showcase the methodological approach at the local scale for a set of demo-sites
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Work Packages
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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
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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

® 26 in Great Britain & N. Ireland
B 4 overseas

25 Cultural heritage
" 4 Natural heritage
1 Mixed
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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

Frontiers of the

S E@iﬁﬁi} | Roman Empire
_ §

Durham Castle and Cathedral

Palaeozoic

Permian

Carboniferous

Liverpool — Maritime

Mercantile City N Pontcysyllite Aqueduct and Canal

Royal Botanic Gardens, Kew

Cambrian 27 | 5w VallSyMills
| D e &

Palace of Westminster and
( 3 Westminster Abbey incl.
Upper Proterozoic 2 s 1 / : Ironbridge Gorge Saint Margaret's Church

Neoproterozoic Tower of London

Metamorphic rocks

Maritime Greenwich

Blaenavon Industrial Landscape = 4
City of Bath Canterbury Cathedral,

St Augustine's Abbey and

| K Cornwall and West Devon St Martin's Church
neous rocks Mining Landscape 0
9 N R = Stonehenge, Avebury

T 1 Dorset and East and Associated Sites
Devon Coast BGS ®NERC
0 50 100 km %




Geohazards: natural and human-influenced PROTHE

s(?)

o , & % 5
‘ Compt:essmle & Shrink- Running sand / ,@ Ground & Collapsible
deposits Swell liquefaction ;/ dissolution ;ﬁ 0 deposits
L Low tonill o
3 B Moderate = o 7] Moderate
% EE Significant B Significant

= Landslide

Database formations

Geological materials © NERC 2015. All rights reserved. Contains OS data (coastline) © Crown copyright and database rights 2015. Coal Mlnmg data © The Coal Authority.
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Derwent Valley Mills: heritage

= Development of manufacturing industry and technological innovation

T
MILLS
%)

WORLD HERITAGE SITE

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

= 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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PROTHEGO

Derwent Valley Mills: heritage

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

= The factory system of the DVM was copied in many parts of Britain and abroad

The 2"d Huangshan Dialogue, 11-15 Sept 2016
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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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1 1 1 1

NEXTMap DTM
Elevation [m]
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-80
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439000

339000 342000 345000 348000 351000 354000 357000 360000

336000

439000

UNESCO WHL site

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

ction of Evropean Cult

(a) Geological Indicators of Flooding (b) Susceptibility to Groundwater Flooding (c) Landslide susceptibility
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% C,24.40%
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94.9%

CIGNA et al. (2016) SPIE Proceedings



Derwent Valley Mills: climate change
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Protection of Evropean Cultural Heritage from Geo - Hazards
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In 2050 and 2080, the catchment is projected to experience drier
warmer summers, wetter winters, higher intensity winter rainfall.

62] £ 88] 1 - 4
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UKCP09
B Catchment

UNESCO WHL boundaries

D Core Area

Percentage change
in precipitation

[ More than 20% decrease
10% to 20% decrease
0% to 10% decrease
0%to 10% increase

E Catchment

UNESCO WHL boundaries
"1 Buffer Zone

b Core Area

Summer temperature

0-2.5degC

2.5-3.0 degC

3.0- 3.5 degC
[ 35-40degC
[ 40-45degC
[ 45-5.0degC
I 5.0- 5.5 degC

CIGNA et al. (2016) SPIE Proceedings
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Derwent Valley Mills: climate change

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

Shrink-swell © Bonsers, UK

A - non-plastic ground conditions
B - Low plasticity ground

C - Medium plasticity ground

- D - High plasticity ground
- E - Very high plasticity ground

Mill foundations (18t-19t™ centuries) might have
difficulties withstanding enhanced ground movement
that may occur through climate change

© British Geological Survey



Derwent Valley Mills: climate change Wl s

PROTREGO

Landslides

Shallow translational and rotational landslides are strongly controlled by antecedent effective
rainfall, with increases in susceptibility following a high intensity rainfall event

N.B. Data collection incorporate Twitter from August 2012 onwards I n C rease d WI nte r
high intensity

UK Rainfall and Landslides: April 2016

350 4 - 80
Rainfall (mm) [Source Met Office] . .
= = = Accumulating average monthly rainfall 2006-date (mm) ralnfa” Wl” Iead
No of Landslides [Source: BGS] .
------ Accumulating average monthly landslides |
o | g average monthly H 70 to increased

susceptibility to
1% associated

250 +
. landslide-prone
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Persistent Scatterer Interferometry

PROTH EGO

Protection of Evopean Cultural Heritage from Geo - Hazards
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Average motion velocity
(precision up to ~0.1 mm/yr)

Motion time-series
(precision up to ~1 mm)
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Case studies: Rome, Italy ﬁp\cSTHEéd
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CIGNA et al. (2014) Remote Sensing
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PROTHEG

Protection of Evropean Cultural Heritage from Geo - Hazards

Case studies: Rome, ltaly

= Land subsidence and compressible soils (high occurrence across Europe)
= Slope instability, local collapses
= |dentification of most endangered sectors

Deformation
[1 Micro-pattern

Localized deformation

Map of conservation
criticalities

Scale 1:1,000

State of activity/condition
[ critical areas
stabilized areas

Susceptibility

Unstable areas

E Correspondent areas

AEI New areas

Sectors

1) Domus Tiberiana
2) W side Farnese Gardens
3) Temple of Magna Mater

collapses/subsidence
—_|cavities collapses
T landslides
Geomorphological features

[ Zone 1 —rock plateau
[ Zone 2 — joining area

> ?| | 4) St Anastasia church =
RSAT asc 2003-2009 5) House of Augustus || Zone3-valley
Radartargets 6) Baths of Livia and Museum | |
VOIPS 7) Loggia Mattei X A—a.S0AI
e-[m-r;;y;]3_-15 - 8) Stadium 777 Cavities and hypogea
= _14.99--10.00 9) N of Stadium
= -9.99--5.00 10) Pool
- -4,99--3.00 11) Vigna Barberini
5249180 12) Domitian Ramp
. -1.49-1.50 s 3
== 151-300 13) Basilica Julia
= 201-667 14) Civil Forum
a) NW of Domus Flavia
TAPETE et al. (2012) b) Oratorium of Forty Martyrs
Journal of Geophysics and Engineering ¢) Arch of Septimius Severus

d) Temple of Saturnus




Case studies: Agrigento, Italy

Valley of the Temples

= WHL site since 1997 (stand-alone monuments)
= Rockfall, topples, lateral spreads

= Ground motion velocities and time series analysis

LOS velocity [mm/yr] 'g 30
O -4,99--3,00 = 20
c 10
O -2,99--1,50 £ 0 ¢ aeee’ »
@ -1,49-1,50 8 10 2 B ek ° oo s
| — — K. CEE ) ® o [ Dl ]
2 -20 - ° L 2™ P
;ﬁ -30
Q 40
-50 .
g 3 3 8 8 8 8 &5 8 8
C C ()] = s > (o] C c o
3 8§ 2 £ o & & 3 8 2
Time
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Case studies: London, UK
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Expected outputs PROTHEGO

By mid 2018, PROTHEGO will:

= Map geohazards in the 400+ WHL sites of Europe using geological and
satellite INSAR ground motion data

= Generate a baseline layer identifying potential threats to each WHL site at
European-scale

= Downscale to national and local scales using high-resolution datasets

= Demonstrate the approach at local scale through advanced monitoring,
geotechnical modelling, and validation of INSAR techniques

= Publish ATLAS of European UNESCO sites and geohazards

= Promote the use of INSAR to enhance cultural heritage management practices
and strengthen disaster preparedness at heritage properties in the future
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PROTHEGO USES SPACE RADAR to assess Europe's heritage sites
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PROTHEGO USES SPACE RADAR TO ASSESS EUROPE'S HERITAGE SITES
The Derwent Valley Mills World Heritage Site is delighted to be a part of a new project to

assess the geological hazards facing the 400+ European monuments and sites of the
UNESCO World Heritage List.

Known as PROTHEGO, the initiative will run for two years. Data from radar satellites will be
used to map the ground movements that might threaten these historic places. The aim is to
produce a monitoring “toolkit” that UNESCO and national authorities can use in the future
management of World Heritage Sites worldwide.
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