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ABSTRACT:

Coupling of Climate change effects with management and protection of cultural and natural heritage has been brought to the
attention of policy makers since several years. On the worldwide level, UNESCO has identified several phenomena as the major
geo-hazards possibly induced by climate change and their possible hazardous impact to natural and cultural heritage: Hurricane,
storms; Sea-level rise; Erosion; Flooding; Rainfall increase; Drought; Desertification and Rise in temperature. The same document
further referrers to satellite Remote Sensing (EO) as one of the valuable tools, useful for development of “professional monitoring
strategies”. More recently, other studies have highlighted on the impact of climate change effects on tourism, an economic sector
related to build environment and traditionally linked to heritage. The results suggest that, in case of emergency the concrete threat
could be given by the hazardous event itself; in case of ordinary administration, however, the threat seems to be a “hazardous
attitude” towards cultural assets that could lead to inadequate maintenance and thus to a risk of an improper management of
cultural heritage sites. This paper aims to illustrate potential benefits that advancements of Earth Observation technologies can
bring to the domain of monitoring landscape heritage and to the management strategies, including practices of preventive
maintenance. The attempt here is to raise awareness on the importance of integrating satellite remote sensing imagery and the
deriving products with other geospatial information (even geo-referenced historic maps) for a more complete insight on the

environmental dynamics of landscapes.

1. INTRODUCTION

Coupling of Climate change effects with management and
protection of cultural and natural heritage has been
brought to the attention of policy makers since several
years. On the worldwide level, UNESCO report (Colette,
A., 2006) has identified several phenomena as the major
geo-hazards possibly induced by climate change and their
possible hazardous impact to natural and cultural heritage:
Hurricane, storms; Sea-level rise; Erosion (both wind and
water driven); Flooding; Rainfall increase; Drought;
Desertification and Rise in temperature. The same document
further referrers to satellite Remote Sensing (EO) as one of
the wvaluable  tools, wuseful for development of
“professional monitoring strategies”. More recently, in
2016, another study gave insights on the impact of
climate change effects on the economic sector related to
build environment and traditionally linked to heritage —
the tourism sector. “World Heritage and Tourism in a
Changing Climate” reports that in the period of 1979 till
2013 the highest numbers of cases have identified a
specific factor negatively affecting the outstanding
universal value of the property in ‘“Management
system/management plan”. For example, in Europe and
North America this number accounts for 58% (Markham et
al., 2016). The results suggest that, in case of emergency
the concrete threat could be given by the hazardous event
itself; in case of ordinary administration, however, the
threat seems to be a “hazardous attitude” towards cultural
assets that could lead to inadequate maintenance and thus
to a risk of an improper management of cultural heritage
sites. The study here proposed aims to illustrate, through

selected case studies, some possible benefits that
advancements of EO technologies can bring to the domain
of monitoring landscape heritage and hence possibly to
the management strategies, including practices of preventive
maintenance.

2. EARTH OBSERVATION FOR HERITAGE
MONITORING

The “shift-of-scale” in geometric documentation of
heritage and landscape (from “site-specific” to ‘“context-
comprehensive”) has brought experts to consider the
situation of the single sites and monuments on a more
environmental scale. Such tendency can be supported by a
major attention towards the topics regarding the clime
change effects on one side and on the other the availability of
technologies that can offer innovative solutions and up-to-
date information considering extended geographical scale.
When it comes to monitoring of heritage landscapes and
sites, it seems appropriate to actively consider the added
value of geospatial information domain, in the framework of
Spatial Data Infrastructures (SDI), both in cases of
extraordinary hazardous events and in situation of ordinary
management. As shown by the author in the previous work
(Cuca B., and D. G. Hadjimitsis, 2016), mapping and
monitoring of cultural heritage and landscapes using earth
observation technologies have had a significant attention
among the scientific community since several decades. Since
few years, numerous examples in literature have illustrated
how application of innovative products such as multi-
spectral optical imagery and SAR data could help to address
the topic of natural geo-hazards possibly threatening cultural
heritage and cultural landscape sites across the world

This contribution has been peer-reviewed.
doi:10.5194/isprs-archives-XLII-2-W5-135-2017 | © Authors 2017. CC BY 4.0 License. 135


mailto:branka.cuca@polimi.it

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2/W5, 2017
26th International CIPA Symposium 2017, 28 August—01 September 2017, Ottawa, Canada

(Agapiou et al., 2016; Cigna et al., Cuca et al., 2016). This
paper focuses on two cases found in different climatic
conditions that experience different threats potentially linked
to the effects of the global climate change. Namely, the risks
addressed are those caused by flooding events in the town of
Albenga and the delta of Centa River and the pressure of soil
erosion exerted on the landscapes and archaeological sites
found in the Paphos District in Cyprus.

3. CASE STUDY CASE STUDY: ALBENGA AND
CENTA RIVER DELTA

The archaeological site of Albenga in Italy (Liguria Region) is
an area composed of significant historic layers, located within
the boundaries of Centa riverbed. The church of San Clemente,
situated on the right bank of the river is mostly out of water, but
becomes partially or even totally submerged in case of great
floods. Such extreme events exert constant pressure to the
structures and to the surrounding landscapes, deprived of any
kind of protection devices. Experts evaluate that this area, that
has been a subject of only occasional studies, is still missing an
accurate analysis linked with its surroundings and within a
context of precarious environmental balance.

In 2015, Barazzetti et al., have illustrated how multi-source data
integration, including UAV imagery and historic maps, could
provide a more holistic working environment to archaeologists
and other specialists in the field interested in the dynamics of
this case study inserted in such a specific context. More recent
in-depth studies (Van Meerbeek, 2017) establish a stronger link
between the global climate change and increase of critical
weather events with the threats that potential moderate to very
high flooding episodes could cause to a delicate landscape such
as that of Albenga.

3.1 Datasets

The main data used to observe the riverbed changes of Centa
River were freely available satellite imagery Landsat 8 (L8),

accessed and downloaded from the geo-portal of the
Geographical Survey of United States (USGS).
Year Satellite Spatial Spectral
(date- (Sensor) | resolution (m) Resolution
month) (nm)
(VIS Pan_ (only VIS-
and chromati | VNIR
VNIR) |c listed)
2016 LT8-
(21-May) oLl 30 15 450 -900
2016 | LT8-
(29-Nov) oLl 30 15 490-900

Table 1. Satellite imagery used for Albenga case study

Calibrated and cloud free above the area of interest, the two
satellite images regard distinct moments in the year 2016 — end
of May 2016 (start of the summer season) and end of November
2016. The latter one was the first available image after the last
major flood event that has shook this Liguria locality has
occurred, between 24™ and 25" of November 2016, as testified
by numerous national and local newspaper articles. The images
were used to observe expected changes of the river flow and of
the mud deposit in the area, due to the recent flooding event.
Images used are described in details in Table 1.

Figure 1 shows delta of Centa River and Albenga locality on
Nov 29th 2016, observed in a multi-spectral image through
different band combinations.

Figure 1. Town of Albenga and delta of Centa River on Nov
29th, 2016: (left) Red — Green — Blue (RGB) true colour
composite i.e. the band combination that corresponds to the
human vision; and (right) in NIR — green — blue pseudo colour
composite that enhances the presence of vegetation (in red).

3.2 Methodology applied for detecting the changes in Centa
river flow

In order to evaluate the changes around the riverbed of Centa
river, the author has conducted the following steps:

1) Step 1: Visual investigation of the imagery examining
different band composites, in particular SWIR- NIR -
red pseudo colour band combination;

2) Step 2: Calculation of the Normalized Difference
Vegetation Index (NDVI) for both images, before and
after the flood event;

3) Step 3: Estimation of water component in the two
images using thresholding of the NDVI images;

4) Step 4: Comparison between the areas impacted by
the water before and after the flood event.

These steps are illustrated here bellow confronting the images
obtained. Figure 2 and Figure 3 show the area of the study in
SWIR- NIR - red pseudo colour composite that offers added
definition of land-water boundaries and enhances details not
easily recognizable in the visible bands alone (USGS, 2016).
The area depicted in the white square (Fig. 4) refers to the larger
context of Albenga partially submerged archaeological site.

Figure 2. Town of Albenga and delta of Centa River seen in
SWIR- NIR - red pseudo colour composite that enhances the
difference between land and water bodies in May (left) and Nov
2016 (right).
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Figure 3. A close-up on the town of Albenga and delta of Centa
River seen in SWIR — NIR - red pseudo colour composite on
Nov 29" 2016. Visual interpretation allows us to identify some
significant mud deposit, probably due to the recent flood event
(area within the white square).

Successively, the two multi-spectral pan-sharpened L8 OLI
image were used to calculate the NDVI values of the case study
area in months of May and in November, just after the flooding
event (Figure 4).

Figure 4. The calculation of NDVI on area of study in May and
Nov 2016 (above); close-up on the NDVI results in May 2016
(center) and close-up on the NDVI results in Nov 2016 (below).

From a visual inspection, it can be easily noted that the area
covered by water (black colour) has significantly increased in
the width, approaching thus the shore of the riverbed and the
inhabited areas around it.

In particular, a threshold filter of pixel value below 0 was
applied in order to distinguish between areas with major water
component (i.e. areas with pixel values below zero).

The result in fact show a significant change in the area covered
by water (wet areas) and the it enhances the difference in the
situation occurring in summer season and few days after the last
major flooding event affecting the area (Figure 6).

Figure 5 Normalization of significant areas for threshold of zero
(0): the mage was classified for water applying the value of 0 to
all negative NDVI values and the value of 1 to all positive
results. The results show images of the area in May and Nov
2016 (above) and close-ups on the results in May 2016 (centre)
and in Nov 2016 (below).

3.3 Comparison of the results and discussion

In order to explore further the difference between the two
scenarios, the mathematical difference between NDVI values
was calculated and observed superimposed to the RGB
composite of LT-8 image taken in November 2016 (Figure 6).
The visual inspection show how the difference in the two values
can be well detected on the true colour composite.
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Figure 6 NDVI difference between May and Nov 2016 (above);
NDVI difference superimposed to the RGB composite of the
LS-8 image taken on Nov 29" 2016.

S R

Figure 7 Orthophoto of Liguria region provided as a Web Map
Service (WMS) by local authorities (above left); Vector values
of NDVI results in May 2016 superimposed to orthophoto
(above right); Vector values of NDVI results in Nov 2016
superimposed to orthophoto (below).

In addition, NDVI normalised results were vectorised and
superimposed to an orthophoto of the Liguria Region provided
as a Web Map Service (WMS), Figure 7. This procedure, done
within an open source QGIS has allowed to directly connect the
results deriving from complex elaborations done on satellite
imagery directly with Open geospatial data provided by the

local authorities. This method was chosen also because, due to
its characteristics, satellite remote sensing imagery is
particularly compatible and easily integrated with other
geospatial data sources within common geospatial infrastructure
system environments (Agapiou 2016, Franci 2016).

4. CASE STUDY PAPHOS DISTRIC, CYPRUS

As illustrated in a previously conducted work (Cuca B. and A.
Agapiou, 2017), another threat connected to effects of climate
change, namely soil erosion, can strongly influence entire
portions of cultural landscapes. The study performed on Paphos
District in Cyprus has illustrated the application of RUSLE
method that supports use of satellite imagery. The results have
shown how optical satellite imagery, even from different
satellite missions, can be combined and integrated with other
geospatial information to provide important indications on soil
erosion analysis. More specifically, the factor of land cover
change, called C-factor, was examined in order to evaluate the
impact that such changes and probably land use changes have
on the amount of soil loss.

Particular attention was given to the areas sensitive to land
cover change such as cultural landscape rich of archaeological
remains in the District of Paphos. It is interesting to mention
that for the purposes of this analysis, authors have used only
freely available imagery (from US Landsat and European
Copernicus missions) and mostly freely available software
applications, in particular SNAP Tool provided by European
Space Agency (ESA) and open source QGIS software. The main
findings suggest that, as shown in Figure 8, some significant
changes in the land cover did occur between 80s of the last
century and today. Such alterations are probably linked with the
urban expansion of the city and they have had a major impact to
the C factor. It was also to be observed how these areas are
situated in a very high proximity of important World Heritage
Sites.

<=-0.203
-0.203 - 0.0291

0.0291 - 0.261
> 0.261

Figure 8 Difference in C-factor over nearly last 30years
observed false colour: the more significant changes potentially
impacting the erosion of the soil in Paphos District are
highlighted in blue and dark blue colour.

5. DISCUSSION

The freely available imagery used have a relatively low
resolution, but some first significant aspects can be addressed in
both illustrative examples. For example, even though the first
example regarded an isolated flooding event of Centa river, its
impact on the surrounding landscape can already be examined
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in detail giving some indications on the possible trends and
magnitude of the hazard. As shown in Figure 7, the water
contents in the archaeological area of Albenga has significantly
changed between the two instances in 2016. Given that the site
is considered to be of high cultural importance by the experts in
the field, the assessment of risks due to the past hazardous
flooding events and simulation of the future ones could possibly
give important insight for a more sustainable management of
such areas that are found within an endangered ecosystem. In
case of Paphos District, the Figure 8 shows how significant
changes in land cover have occurred over the past 30 years.
Such changes are most probably to be connected to urban
development that, if unplanned, can leave the most vulnerable
areas without appropriate protection and hence more subject to
threats of geo-hazards, including soil erosion.

6. CONCLUSIONS

The paper illustrates two examples examining specifically if
and how the availability and facilitated access to satellite
imagery can incite a more systematic use of these later ones in
protection and maintenance practice of heritage assets. In
Europe, for example, the results of Open Government Data
initiative (specifically for the category of geospatial data) and
of Directives PSI and INSPIRE are already tangible and they
foster a more systematic and efficient use of geospatial
information in general. Further, some specific policy
recommendations for Cultural Landscape and their possible
implications are considered - European Commission has
recently stated its strong commitment on collaboration with
other countries when it comes to protection of cultural heritage
and it has identified Copernicus Emergency Management
Service (EMS) as one that should majorly support this action
(EC, 2016). Satellite imagery of cultural heritage sites at risk
are to be provided timely by this service in order to evaluate
damage and to plan possible subsequent interventions. Such
attempt seems to be the first official example and a direct link
between a systematic service of an EO programme (and hence
potential services and products deriving from satellite remote
sensing technologies) with the domain of monitoring,
protection and risk assessment of heritage sites.

The examples illustrated by this paper are inserted in such a
dynamic framework and they propose a method for integrating
(or at least not excluding) satellite remote sensing imagery in
processes that regard geometric documentation and monitoring
of cultural heritage landscapes and sites. Special focus is given
by the author to freely available and accessible remote sensing
satellite imagery and their integration with other types of open
geospatial data, such as ortophotos, cartography or even
historical maps within Spatial Data Infrastructure. Author
suggests that the use of EO products in such a larger holistic
framework can be useful to indicate trends of the observed
phenomena, both rather short in time of action but with high
hazardous impact (such as flooding episodes) as well as long-
term risks that cause gradual but substantial damage of
original values of our landscapes (such as soil erosion and soil
loss). The main attempt of the paper was to raise awareness on
the benefits of advancements in EO technologies and of
deriving products can bring to a more complete analysis of
complex natural and cultural ecosystems. Author suggests that
such practice could lead to more informed decision making
processes when tackling the emergency situations as well as in
cases of ordinary management of cultural landscapes.
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