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High-Level Training Course on World Heritage under the framework of DBAR
2nd-17th September 2017 | Beijing and Zhengzhou, China

Mapping geohazards affecting
UNESCO World Heritage sites using
Earth Observation data

12th September 2017, h. 09:00-17:30

/0> Dr Francesca Cigna
@f'l ASI T Italian Space Agency
francesca.cigna@asi.it
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Course schedule

09:00-09:05 Introductions & getting started

10:30-17:30 Interactive tutorial & exercises
10:30-12:00 Session 1
12:00-14:00 Lunch break
14:00-15:30 Session 2
15:30-16:00 Coffee break
16:00-17:15 Session 3

17:15-17:30 Final questionnaire
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High-Level Training Course on World Heritage under the framework of DBAR
2nd-17th September 2017 | Beijing and Zhengzhou, China

Mapping geohazards affecting UNESCO World
Heritage sites Using Earth Observation data

Dr Francesca Cigna, ASI i Italian Space Agency

State-of-the-art and case studies

h. 09:05-10:00



UNESCO World Heritage List

L @ Cultural site @ Natural site @ Mixed site

Site inscribed on the List of World Heritage in Danger
@ Cultural site @ Natural site @ Mixed site
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WHL as of Sept 2017
1073 37 2 54 832 206

Properties Transhoundary Celksted In Canger Cukural Watural
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Geohazards affecting cultural heritage

Kat h ma drdilak§asMohan
Narayan Temple (Nepal)

Before the 2015 earthquakeé
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Geohazards affecting cultural heritage

Me x i ¢ o C&hedral (dMexico)

20-30 cm/
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year subsidence




Geohazards affecting cultural heritage

Valley of the Temples (ltaly) Saltaire (UK)

R N D Christmas
Slope instability flood 2015
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WHL sites... and cascading geohazards

romboli, Aeolian Islands (ltal

Volcanic activity &
cascading hazards

VOLCANO
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From t he gl obal s

60% WHS are potentially exposed 4 o ks
to, at least, 1 geohazard -
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5% WHS in the
WH in Danger List

p=10"S

- WH property with no potential geohazard*
WH property with certain number of potential geohazards| s
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= P Pavlova et al. 2015, J. Cultural Heritage

*Geohazards: Earthquakes, eruptions, tsunamis, landslides and rapid erosion.

Hazard data from: http://preview.grid.unep.ch/ & UNESCO Periodic Reports
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http://preview.grid.unep.ch/
http://preview.grid.unep.ch/
http://preview.grid.unep.ch/

€ to the European p

- e
" I

— proTHEco]  Landslide hazard:
IR s oo e e 26% WHS in areas with high to very high

NOR § SWE . [ IO

- gk ] W susceptibility to slope instability

i ) ¥ ‘EsT g
b, & K <o, . d
NI : bie ota
- - * - LTU Farpean Lancaite Suacepetany W 215,05 1200

Earthquakes:
16% WHS in areas with high seismic hazard

Volcanic hazard:
6.5% WHS in high volcanic hazard areas

Spizzichino et al. 2017, AIT Workshop Proceedings
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Mapping geohazards with EO data

Why do we need EO data, maps and
models to map geohazards?

ARemotely sensed, objective information on
the areas of interest

AWide area coverage (local to country scale)

AScalable and flexible spatial (up to < 1 m)
and temporal (hours to years) resolution

AAvailability of image archives
(6 we can go bagk to t 1960:

EO imagery acquired from space
ASpectrometers | UV, VIS, NIR, SWIR, TIR | panchromatic, multi- & hyperspectral
APassive (radiometers) and active (radar) microwave sensors

Radio Microwave Infrared Visible Ultraviolet X-ray Gamma Ray
1 L 1 1 1 ' b

- | } } + + + Wavelength (meters)
108 102 105 106 108 10-10 10-12

\/\/\/\/\/\/\/\/\/\/\/\/\M + many other |mag|ng and
| -1 1 1
S ———— F requency (Hz) non-imaging sensors!

104 108 1012 1018 1016 1018 1020

_——— e.g. gravimeters, altimeters
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‘Synthetic Aperture'Radar (SAR) Imagery

P
r" ’

RADAR: RAdio Detection And Ranging

Sensor type: Active 4” ‘? .
E Frequency:  0.3-300 GHz

Wavelength: 0.001-1 m : -

Resolution: upto<1lm &

Platforms: satellite, airborne, UAV, ground-based

Repeat cycle: daily, monthly, yearly = - "
- ) o Y




1970s 1980s
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SeaSat SIR-A/B

After www.unavco.or

1970s 1980s
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Satellite SAR missions

1992 1994 1996 1998 2000 2002

2004

Envisat

JERS
ERS-I
ERS-2
/ -
Radarsat-1

SRTM

1992 1994 1996 1998 2000 2002

2004

Historical Analysis Monitoring >
2008 2010 2012 2014 2016 2018 2020 2022 2024
ALOS-2 NISAR g
e
\®> -
SOACOM-1a,b
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Sentinel-1b
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TanDEM-X -‘ )
PAZ X
KOMPSAT-5
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Acquisition strategies: routine, on demand, emergency
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http://www.unavco.org/

Satellite SAR in archaeology

Jet Propulsion Laboratory Darfu I, Sudan

California Institute of Technology

ELACHI & GRANGER (1982), IEEE Spectrum

Landsat MSS

@i’

ageno sparcle Dr F. CigngASI | Mapping geohazards affecting UNESCO World Heritage sites using Earth Observatipn H2ifeSept 2017 14

italiana




Satellite SAR In archaeology

Jet Propulsion Laboratory

California Institute of Technology 3 v ‘. '. ﬂ- : ‘.‘- - S|R C data (1994) :
T SO EUTRNE v St 2 Angkor Cambodla =

Moore et al. (2007) |
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Satellite SAR in archaeology

The Open Initiative

Open Initiative on the use of space technologies to support
the World Heritage Convention (2003)
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€ a growing scient.

>0 7 Scopus publications on SAR for archaeological ¥ Remote Sensing in
- landscapes, archaeological prospection and % Archacology

45 condition assessment of cultural heritage - ‘

40 Publications co-authored by T

archaeologists AND ENGINEERING

Number of publications

TAPETE & CIGNA (2016), J Archaeological Science: Reports
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Using SAR amplitude

Amplitude: the strength of the radar signal backscattered to the sensor.
It can be derived by combining the real (Q) and imaginary (l) parts of the
complex radar signal

A can be transformed into physical units

_ 00 (sigma nought)
Amplitude A=(12+Q?) A

0° depends on:

L

As. wavelength

APolarisation properties of the

w radar signal
[ARoughness | |
Agﬁ;ggnegs properties of the

) . . scattering surface
ADielectric properties 9

Surface \ %,
Y,
.4 VLU AR LA i

Hat Forest  Cropland  Mountains  Rough Gty
Surface Surface

Fadar Image
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Landscape changes in Nasca, Peru

AlLines and geoglyphs of Nasca and
Pampas de Jumana

Aceremonial Centre of Cahuachi

AAqueductS networks and drainage
galleries (puquios) and reservoirs (0j0s)
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Landscape changes in Nasca, Peru

SAR amplitude signatures

{10 [2003-2005]

NIR-Red-Green

River courses and urban areas have higher ° than agricultural fields, dry and
smooth surfaces (airport runaway and water bodies, e.g. pozo cocha)
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{10[2003-2005]

Signal penetration depths are higher over the sand dunes of the Cerro Blanco,
and 0° is lower than over the surrounding mountain regions

CIGNA et al. (2013), Archaeological Prospection

RGB ASTER [2003]
NIR-Red-Green
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Landscape changes in Nasca, Peru

Image processing approach: SAR amplitude change detection

SLC
. 15/04/2003 ASTER GDEM V2 30m
(amplitude & phase) l 24/06/2003 f’a"e scenes 8t _(map geometry)
ML 15/11/2005 3 &
Multi-looking
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Geocoding l vagiuce
Master scene
04/02/2003 GTC MLIs & Derived products
s 8 . . (map eometry)
l é ¥ LTS
8
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range range longitude
SpatioTemporalanalysis TAPETEL al. (2013),Archaeological Prospection
O
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Landscape changes in Nasca, Peru

Image processing approach: SAR amplitude change detection
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Landscape changes in Nasca, Peru

04/02/2003 15/04/2003 24/06/2003

SAR colour composite

15°9'0"S

Wind/rain-driven A ' R
morphological changes P PRt S,

and mass movements s ” R ‘
cause local alterations
of the backscattering
coefficient

15°12'0"S
15°12'0"S

Ly el .

CIGNA et al. (2013), Archaeological Prospection

74°48'0"W 74°45'0"W
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Looting monitoring in Syria

Location and severity of looting as
documented by imagery-based analysis,
over areas of factional control (early 2015)
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dJnauthorised excavations without any : o@%ﬂ . 0 50 100 200 Kurdish YPG
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or cultural value to sell on illicit marketso

Crisis and war can favour its spread
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Archaeological site of Apamea

Looting monitoring in Syria
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1) Cardo Maximus with monumental colonnade; 2) Decumanus Maximus;
3) Second main decumanus; 4) Modern road; 5) Roman theatre; 6) House
of Consoles and House of the Pilasters; 7) Eastern Cathedral

N Pre-looting condition

Major archaeological ruins
= Main streets
— istinians Walls

[:] Excavated areas
[ unexcavated areas

ol
0 200 m

TAPETE et al. (2016), Remote Sensing of Environment

ASituated on the right bank of the Orontes, at the top of a high relief overlooking the Ghab plain

Alts strategic position was exploited to control the trade routes by Seleucus Nicator (~300 BC)

A7 km-long ramparts refortified by the emperor Justinian (~500-600 AD) enclose the site
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Looting monitoring in Syria

Archaeological site of Apamea Date of UNESCO Tentative List
submission: 08/06/1999

Cardo Maximus and colonnade

Evidence of looting starting from mid 2012

i S at eradeiy shews that archaeological sites in
Syria are dotted by thousands of illegal excavations
€ that show t herimusirial sdale® t i

(Irina Bokova, UNESCO, 2015)
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Looting monitoring in Syria

Evidence of looting acquired from space Google earth
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Looting monitoring in Syria
VHR satellite radar experimental campaign
DLR grant LAN2377: TerraSAR-X Staring Spotlight mode for damage

assessment, looting monitoring and prospection of archaeological features in
semi-arid environment (PI: D. Tapete)

October 2014 p September 2016

A Bespoke time series of TSX Staring Spotlight, bimonthly sampling, 24 cm azimuth resolution
A Consistent geometry and acquisition parameters: ascending orbits, 39.7Ad

@i’

ogenia spazicle Dr F. CigngASI | Mapping geohazards affecting UNESCO World Heritage sites using Earth Observatipn H2ifeSept 2017

28



