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Executive Summary 

This deliverable reports the work of task 3.1 - Use case scenarios and requirements definition 

whose main aim is to identify the case studies in the five pilot sites of the STORM project, 

characterize them and create use case scenarios that will be the base of the experimentation of 

the sensing tools developed on the scope of this project. 

For an adequate characterization of the use case scenarios and the needs and expectancies of 

participant sites, several points will be developed for each pilot site: a description of the site, 

an analysis of the main hazards and threats and the respecting impacts affecting the site, the 

current practices of maintenance, prevention, mitigation and response to emergencies, the 

definition and characterization of the use case scenarios and the proposed methods and 

processes for monitoring and attaining the best management of maintenance, prevention, 

mitigation and response to severe impacts of hazards and threats. 

The structure of the deliverable includes an introductory chapter, five chapters focus on one of 

the pilot sites of the STORM project: Mellor Heritage Project (Chapter 2), Baths of Diocletian 

(Chapter 3), Historical Centre of Rethymno (Chapter 4), the Roman Ruins of Troia (Chapter 

5) and the Ancient City of Ephesus - Great Theatre (Chapter 6). A Conclusions chapter 

(Chapter 7), the Bibliography (Chapter 8) and the document ends with the Annexes presenting 

the Questionnaires of the pilot sites (Chapter 9). 

In the chapters dedicated to each site, five subchapters deal with different subjects. 

Subchapter 1 makes the presentation of the site, describing its location, main features and 

significance, as well as the areas chosen to be the use cases. 

Subchapter 2 explains the main hazards and threats indicated in Table 1 of the Questionnaire 

of each site and the impacts and consequences of each one of them. The reference to the 

hazards and threats agree with the general document “STORM Classification of hazards and 

climate change” prepared on the scope of WP5. 

Subchapter 3 describes the current practices in each pilot site regarding the maintenance, the 

conservation and restoration, the monitoring and the procedures in case of disaster. 

Subchapter 4 provides the characterization of the uses cases and respective scenarios, as well 

as the initial requirements regarding the monitoring. 

Subchapter 5 lists the potential technological solutions corresponding to the requirements 

indicated for each use case and according to the Disaster Risk Management cycle phases 

considered in the STORM project: Prevention and Mitigation, Preparedness, Response and 

Recovery. 

Prevention and Mitigation are the lessening of the potential adverse impacts of physical 

hazards (including those that are human-induced) through actions that reduce hazard, 

exposure, and vulnerability (IPCC 2012). 

Preparedness is the knowledge and capacities developed by governments, professional 

response and recovery organizations, communities and individuals to effectively anticipate, 

respond to, and recover from, the impacts of likely, imminent or current disasters (UNISDR 

2009).  
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Response is the actions taken during or immediately after a disaster in order to save lives, 

reduce health impacts, ensure public safety and meet the basic subsistence needs of the people 

affected (UNISDR 2015).  

Recovery consists of the decisions and actions aimed at restoring or improving livelihoods, 

health, as well as economic, physical, social, cultural and environmental assets, systems and 

activities, of a disaster-affected community or society, aligning with the principles of 

sustainable development, including build back better to avoid or reduce future disaster risk 

(UNISDR 2015). 
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1 Introduction 

1.1 Scope of the deliverable 

One of the main objectives of WP 3 is the identification of the framework on which the 

system specifications and architectural design will be based. In this course, the work in WP3 

of the project starts from the identification of the use case scenarios, based on a detailed 

analysis regulatory framework, standards and classification work for Cultural Heritage sites, 

and the particular profiles, needs and expectancies of participant sites. Work done in the first 

phase of WP2 is taken under consideration in the current deliverable. Following the definition 

of use cases, the requirements capturing process will take place, leading to the compilation of 

a system and user requirements analysis report that will be used from task 3.2- Specifications 

of the system components towards the preparation of the system specification. 

This deliverable contains the description of use cases and scenarios to be used in STORM as a 

basis for assessment and validation of results and proposed methods/processes according to 

the profiles of each site, as these have been identified since the proposal phase, and have been 

elaborated throughout the duration of the project.  

1.2 Adopted methodology 

The preparation of this deliverable started with the elaboration of the questionnaire to the pilot 

sites with the concern of ensuring the presentation of the main hazards and threats affecting 

each site and the definition of the use cases and scenarios for each site, as well as the 

requirements to face and mitigate the impact of such hazards. 

The second step was the filling of the questionnaire by each pilot site team and the completed 

questionnaires are presented (Chapter 9).  

Before the deliverable was written, these questionnaires were used in order to prepare the 

visits to the pilot sites and to assess the validity of the framework and methodologies being 

developed in other work packages (WP), such as WP1, WP4 or WP5. 

It was decided that each pilot site should have an autonomous section in the deliverable, 

prepared by the respective site team and technical partners involved, following a common 

structure. 

The section of each pilot site begins with a description of the site and its history and 

importance in order to offer a good presentation including a good characterisation of the use 

cases selected. This first section was prepared by each pilot site team as well as the current 

practices of maintenance, conservation and monitoring (third section). 

The identification of the natural and anthropogenic hazards and threats affecting each pilot 

site was done by the respective team with the collaboration of the technical partners. The 

hazards and threats are listed and evaluated in terms of relevance in tables in the 

questionnaires, and the most relevant are characterised and explained in the second subchapter 

of each pilot site chapter. The analysis of the hazards and threats follows the STORM 

Classification of Hazards and Climate Change prepared by WP5. 
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The selection and presentation of the use case scenarios of each site is a core section of this 

deliverable. The information on the use cases and respective scenarios are structured in tables 

prepared by the technical director of the STORM project. 

Specifically, each use case table has the following structure:  

Name: this is the name of the scenario, which provides an idea on what it addresses. 

Identifier: this is a unique identifier for each scenario, consisting of letters referring to the 

site and a unique number per scenario per site. 

Description: this is the description of the case studied, and is broken down to: 

1. What, describing the artefact or structure to be protected, restored or intervened  

2. Where, describing the location and particular conditions where the artefact, structure 

is located or stored. 

3.  Why, describing the particular reasons/risks, which drove us to select this use case 

Scope: this is the description of all the means that will be used to achieve the goal. 

Goal: this is the description of the goal to be achieved. 

Preliminary User Requirements: these are the preliminary user requirements for the use 

cases are listed here. These will guide the formulation of functional and non functional 

requirements to be included in D3.2. There are four subfields here: 

1. Req_ID, in which a unique reference identified per requirement is provided using the 

following schema: REQ-<pilot site>-<process action>-<sequential number>. The 

pilot site is referred by only three characters (ex: MAT for Mellor Archaeological 

Trust), the process action is referred by another three letters (MON for monitoring, 

MAN for management, INT for intervention) and the sequential number starts from 

01, 02, …, 0n. The same requirement may apply to more than one use case. 

2. Relevance. Many international standards use the MUST, SHOULD, COULD 

convention. MUST (mandatory) is used to indicate a requirement that is contractually 

binding, meaning it must be implemented and its implementation verified; SHOULD 

(desirable) is used to indicate an important but not necessary statement, not subject to 

verification; COULD (optional) is used to indicate a desirable but not necessary 

statement not formally verified.  

3. Owner, who is involved in the requirement definition (matching with project 

objectives and needs) and implementation (matching with system functionalities and 

components). 

4. Description, where a short explanation of the requirement is provided. 

Assumptions: these are the assumptions about what is needed in order to achieve the use-case 

goal in terms of:  

1. Technical assumption (e.g., existing sensors and infrastructure) 

2. Organisational assumption (e.g., existing techniques, processes, policies, 

regulations, etc.) 

Post conditions: these are the final conditions and linked results expected. 
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Technical dependencies: presenting the technological solutions, already existing and to be 

developed, that will be needed for this use case. 

Human Actors: Presenting the human actors that are involved in this use case. 

Exceptions: Here are listed any exceptions that may influence the good execution of 

scenarios related to the use case. 

The last section for each pilot site is related to the proposed technological solutions and the 

desirable measures for each use case in the disaster risk management cycle phases.  
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2 Mellor Heritage Project 

2.1 Description of the site 

The Mellor pilot site consists of three independent sites located in the North-West England 

region of the United Kingdom (Redhead 2005) (Figure 1). The three sites are: 

1. Mellor Old Vicarage – a site of 10,000 years of history 

2. Mellor Mill – the site of an industrial period cotton mill 

3. Shaw Cairn – Bronze Age burial site 

 

(a) 

 

(b) 

Figure 1: Location of the Mellor Pilot Site showing a). The location of Mellor within the British 

Isles, and b). The location of the three sites within Mellor (Map data: GoogleMaps).  

The Mellor Heritage Project began in 1995 when a resident of the Old Vicarage, Ann Hearle, 

noticed that during a drought a green line would arc across her garden, despite either side of 

this arc remaining parched. In 1998 the University of Manchester Archaeology Unit and three 

students began surveying and digging at the Old Vicarage site and discovered the edge of a 

ditch, further excavation uncovered Romano-British and Iron Age artefacts. A further 12 

years of digging uncovered 10,000 years of history in Ann Hearle’s garden and the 

surrounding fields including finds from the Mesolithic, Neolithic, Bronze Age, and Iron Age 

ditches. Roman pottery, arrowheads, and brooches were later discovered along with the post 

holes from a medieval hall. By the year 2000, following hundreds of students and volunteers 

participating in excavations (Figure 2), the Mellor Archaeological Trust was formed.  
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Figure 2: Mellor Old Vicarage site: Iron Age Ditch (Source: visitmarple.co.uk). 

The hilltop settlement at Mellor gives great views across the Cheshire Plains, and would 

likely have been a key reason for the development of the site throughout the ages. It has also 

been theorised that tribes may have located at Mellor as they moved to lower elevations (from 

the higher hill forts in the peak district), as the climate changed. Digging at the hill fort has 

revealed the location of many roundhouse gullies. These gullies, together with post holes, 

indicate the location of historic roundhouses as they were used to surround the roundhouses 

and drain away rainfall, falling from the roof. Over time roundhouses were moved, and this 

leaves multiple instances of gullies throughout the fields.  

Two ditches define the settlement at the Old Vicarage site. An outer ditch (the one found in 

1995) encompasses more than 10ha of the hilltop. In 2002, a second ditch was uncovered 

defining an inner enclosure of roughly 2ha. The small outer ditch which is believed to have 

been first defence for the wider, deeper, inner ditch. This settlement saw continuous 

occupation from around 400 BC to around AD 400. 

The roundhouse at Mellor was constructed by college students as part of a European 

Community Culture Project. The roundhouse was constructed in the field where gullies from 

former roundhouses (2000 years prior) had been uncovered. This was built with the help of 

experts, who designed and built the house to similar specification as those built during the 

Iron Age. The roundhouse is a great example of community engagement with the Mellor site. 

Built by local school children, and very popular during visits and open days on site. It gives 

an interesting background to how people may have lived over 2000 years ago at the Mellor 

hillfort. 

Mellor Mill was a cotton mill built between 1790 and 1792 (Figure 3). It was the largest 

cotton mill of its time, and became the template for the architecturally impressive mills that 

spread through the region. The mill was built by Samuel Oldknow, a local mill owner. Mellor 

Mill was burnt down in 1892 (Figure 4). The Mill was 400 ft long, 42 ft wide and 6 storeys 

high. At each end of the main mill were two 30 ft long, 3 storeys high wings. Additionally, 

there was a coach house and stables to the west of the mill. Two large mill ponds were 

constructed in the valley, close to the mill, to provide power. Oldknow diverted the river Goyt 

upstream of the mill to create the mill ponds.  
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Figure 3: Mellor Mill painting. 

Everything that remains of Mellor Mill are below ground level (Figure 5), with none of the 

buildings which comprised the mill still standing. At the centre of the remains of the main 

building still lies the wheel pit. A breast shot wheel of 22 ft diameter and 17 ft wide would 

have been installed into the basement. A second wheel pit lies to the west of the main wheel 

pit. Here stood a smaller 20 ft x 18.5 ft breast shot wheel, named the Waterloo Wheel. A 

name which is carved in the bedrock above the wheel pit. There are documents which suggest 

that a third wheel was used in the Mill, however this has not been located.  

 

Figure 4: Mellor Mil after fire had destroyed the building. 

Currently the site of Mellor Mill lies under significant vegetation and tree cover. The Mill 

ponds in the late 1800s were utilised for leisure activities, and branded the Roman Lakes. The 

Roman Lakes leisure park is still in existence today.  

Recently, the Mill site won Heritage Lottery Funding for developing the Mill site and 

revealing the legacy of Samuel Oldknow. This will increase visitors to the site and funding 
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has been allocated for landscaping of the site surroundings and information boards to be 

installed.  

 

Figure 5: Wheel Pit at Mellor Mill with vegetation growth visible.  

Shaw Cairn (Figure 6) is the site of Bronze Age burial site. During the 1970s four 

archaeologists began digging around the trig point on top of Mellor Moor. The discovered a 

Bronze Age burial which they named Shaw Cairn. Flints, bones and pottery were all 

uncovered during digs at Shaw Carin, however the archaeologists were amateur 

archaeologists and it was not until 2000 when the finds were taken by experts and students at 

the University of Manchester Archaeological Unit and examined.  

 

Figure 6: Shaw Cairn – Bronze Age Burial, Mellor Moor. 
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It is believed that the location was where the dead were brought to the top of the hilltop and 

cremated, once cremated stones were placed over the remains. Digs have found human bones 

along with flint knifes. Not all evidence suggests that everyone was cremated. There is 

evidence that many people were buried in the cairn, and only once the grave was full would 

the stones be used to cover the cairn. 

2.2 Hazards and impacts 

Concerning the three Mellor sites, the environmental threats and the risk multipliers 

associated with climate change, the environmental threats to Mellor are: 

1. Wind: Two of the Mellor Sites are situated at relatively high elevation. Shaw Cairn (~325 

m a.s.l.) is extremely exposed to wind, and the Old Vicarage site is situated on a hill side, 

again exposed to high winds. Winds, and accelerated winds resulting from climate 

change, could fell trees near-by to the archaeology and infrastructure. Trees and branches 

could fall onto and subsequently damage the archaeology – which would need to be 

repaired at a cost to the site owner, Mellor Archaeological Trust. Similarly, the Mill site is 

heavily tree covered and, although in a valley and shielded from the worse of the winds, 

any severe wind storms could collapse trees and branches and damage the masonry on 

site. This also causes a health hazard to visitors.  

2. Precipitation: Mellor is in the North-West England region of the UK. The North West of 

England has a very mild and wet climate. This is because the North West is exposed to 

westerly winds bringing maritime air masses off the Atlantic Ocean. This leads to the 

North West being one of the wettest in the UK. This effect is accentuated as elevation 

increases. As Mellor is located on the edge of the British Peak District National Park – 

and at elevation - Mellor receives a lot of rainfall. Intense rains may directly damage the 

masonry, and archaeology at all three sites. Whilst prolonged rain may lead to inundation 

and landslides – especially at the Mill site - and this would damage, if not destroy, the 

ruins of Mellor Mill. Overtime, the earth at the Iron Age ditch will erode and intense 

rainfall may wash away large parts of the ditch. Finally, intense and prolonged rainfall 

may lead to flooding at Mellor Mill.  

3. Flooding: Flooding at the Mellor Archaeological site could manifest itself in two ways. 

Firstly, The Mellor Mill site is in the flood zone of the River Goyt and under a large flood, 

this land would be allowed to flood to protect nearby villages and towns, downstream of 

the site. Heavy precipitation, therefore, could lead to water levels in the River Goyt, close 

to Mellor Mill, breaching its banks (Figure 7).  
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Figure 7: Environment Agency flood map for the town of Mellor. Red dots mark locations of the 

three Mellor sites. 

Secondly, the nearby Mill ponds -the Roman Lakes- are dammed close to the Mill Site. 

Should this dam fail water would inundate the archaeology of the Mill. Therefore, dam 

failure is a huge risk to Mellor Mill. Should either of the above situations occur, the Mill 

would be completely inundated with water, masonry and artefacts would be destroyed 

and it could lead to irreparable damage.  

4. Change in Freeze-thaw events: Of high concern for the Mellor site is temperature 

changes, and how such changes may alter because of climate change. Freeze thaw cycles 

at Mellor Mill are the main concern here. Presently, freeze thaw is leading to erosion of 

the Mill remains. The bricks are becoming brittle and disintegrating – which is then 

washed away by rain, or damaged by human interaction. How freeze thaw cycles alter in a 

changing climate will be important for the Mill. Fewer cycles will reduce the erosion of 

the mill remains, whereas more cycles will speed up the rate of erosion. Temperatures at 

the Mill site vary more than at the other Mellor sites. Higher temperature maxima and 

lower minima. Monitoring the number of cold days following wet periods will be vital in 

understanding the direction that the frequency of freeze thaw cycles is heading.  

5. Mass Movements: Landslides have the potential to cause damage to the archaeology at 

the mill site. Being at the bottom of a steep valley a large landslide may cut off access to 

the site and in a worst-case scenario it may lead to damage of the archaeology.  

6. Biological Infestation: Currently, volunteers clear vegetation of the sites multiple times 

per year. However, due to the climate of North West England, vegetation grows quickly 

and substantially over the Mill site and Iron Age Ditch. Vegetation growth within the sites 

can cause damage from roots into the masonry and earth. More frequent maintenance 

would be necessary to keep vegetation growth to a minimum.  

Moreover, there are some anthropogenic hazards and threats to the Mellor pilot site and these 

include: 
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1. Tourism related threats: Thanks to recent funding, the Mellor Mill Heritage site is being 

developed to improve the accessibility of the site for tourists. It is hoped that there will be 

significant footfall over the coming years. The Shaw Cairn and Old Vicarage sites, as well 

as surrounding the Mill site, are also public right of ways. As such, many people will pass 

through the sites – even people who are not visiting the site, but are using the surrounding 

countryside. The people who are only passing through the sites are much less considerate 

of the importance of the archaeology and thus, may take less care. This increased footfall 

risks damaging the site, either the archaeology directly becoming damaged or the 

footpaths being worn, which would be costly to maintain and replace.  

2. Vandalism: The Mellor heritage site is not secure. As mentioned, the sites are all located 

in public areas and therefore many people may gain access to the site and could damage 

the archaeology, vandal archaeology/information boards and even steal equipment used 

by the trust, sensors, and artefacts which could be of importance. Such damage may be 

caused inadvertently or be caused due to malice.  

3. Dam/levee failures: Mellor Mill was powered by water. Therefore, mill ponds were 

needed to hold water upstream of the Mill and three reservoirs were constructed. The three 

ponds still exist today and are used as a local leisure amenity. One serious anthropogenic 

threat to the Mill site is failure of the dam from the nearby mill pond. People could 

damage the dam in such a way that the dam would give way and this would release the 

water from the three mill ponds which would inundate the mill site. This not only poses a 

danger to guests at the site but also would severely damage the archaeological remains.  

4. Fire: It is possible that fires could be started by arsonists which could potentially quickly 

become out of control. This could damage remains on the sites, as well as irreparably 

damaging the exposed archaeology.  

2.3 Current practices 

The following subsections will describe the current state of practices at the Mellor site in 

terms of maintenance and weather monitoring.  

2.3.1 Maintenance 

As previously mentioned, the Mellor Archaeological Trust was set up in 1995, and 

maintenance has been carried out by the trust since then. As Mellor Archaeological Trust is a 

charitable organisation, maintenance work is carried out by volunteers. Recent funding is 

allowing the Mill site to undergo significant redevelopment, making the site more accessible 

for tourists. Previous funding, and help from the local government, has led to small scale 

infrastructure development at the Iron Age Ditch. 

Damage is assessed at all three of the Mellor sites by simple visual inspection which is carried 

out on weekly basis. This involves members of Mellor Archaeological Trust together with 

volunteers walking the three sites and visually identifying issues which are developing. This 

quick and easy solution allow the Trust to identify issues with the sites archaeology early and 

fix issues before they become a larger problem. Moreover, this provides some security to the 

site, as there is no fixed surveillance or company operating surveillance at the sites. 

A qualified archaeologist is employed by the trust. The archaeologist makes assessments of 

the exposed archaeology on the three sites, looking for damage. Furthermore, qualified 

archaeologists from local universities are often involved with projects on the site – and the 

site is often utilised by archaeology students throughout the year.  
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Throughout the year vegetation growth is removed. On the Mill and Old Vicarage sites, this 

should ideally be performed multiple times per year. Again, these activities are undertaken by 

trustees and volunteers, and as such there is not a set agenda for performing this task. 

Vegetation will be cleared as and when is required.  

To prevent damage and destruction of the ground based archaeology, an annual inspection of 

trees around the sites is undertaken by an arboriculturist. The arboriculturist removes any 

dangerous, dying and diseased trees when is required.  

2.3.2 Weather and environment monitoring 

Mellor Archaeological Trust, up until late December 2016, did not have any climate or 

environmental sensors in situ at any of the three Mellor sites. Locally, however, there are 

many amateur and official weather stations. Data from the official meteorological stations can 

be accessed through application from the UK Met Office. 

The nearest Meteorological Office weather stations to Mellor are at: 

 Buxton (manual) – location 53.258, -1.912 at a height of 307 m a.s.l. 15 km south-east 

of Mellor 

 Rochdale (automatic) – location 53.609, -2.177 at a height of 110 m a.s.l. 25 km north 

of Mellor 

 Rostherne (automatic) - location 53.360, -2.381 at a height of 35 m a.s.l.. 24 km west 

of Mellor 

Historical meteorological data is available via the Met Office, and was recorded at 

Manchester Airport (~17 km away from site) between 1960s and 2000s, since the 2000s the 

official Met Office weather station transferred to Woodford and subsequently to Rosthern. 

Data from the three weather stations could be combined to give a long-time series of historic 

data relevant to the Mellor site. 

There are multiple “amateur” weather stations within the vicinity with current conditions 

freely accessible via online meteorological “crowd-sourcing” websites such as the Met 

Office’s WOW website. Records from these stations may be available from owners upon 

request. One such station close to the site is operated, for educational purposes, by Stockport 

Grammar Secondary School (8.4 km from site). Although amateur weather stations can be 

useful supporting data sources, it has to be kept in mind that unless the exact location and set 

up are known, these data have to be treated with caution. Temperature and wind observations 

should be made 1.2-2 m and 10 m above the ground, respectively, as both parameters change 

considerably with height. Observations at other altitudes will not give results comparable to 

other stations. Winds should furthermore be determined in relatively flat, open terrain, far 

away from obstructions such as trees and buildings in order to capture information 

representative of the general area and not only for the measurement location. In addition, it is 

important that the thermometer is shielded from direct radiation, as otherwise errors are large 

as 25ºC can arise (WMO 2008).  

There are multiple “amateur” weather stations within the vicinity with current conditions 

freely accessible via online meteorological “crowd-sourcing” websites such as the Met 

Office’s WOW website. Records from these stations may be available from owners upon 

request. One such station close to the site is operated, for educational purposes, by Stockport 

Grammar Secondary School (8.4 km from site). 
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Water levels/Discharge of the river Goyt are monitored, by the environment agency, at 

Marple bridge (2.6 km downstream of Mellor Mill) and at Goytside Farm, New Mills (5.9 km 

upstream of Mellor Mill). 

The Environment Agency and environmental consultancies, such as CH2M, have developed 

mobile applications which can be used to alert members of Mellor Archaeological Trust if the 

sites (specifically the Mill site) are at risk of flooding. One such app “Flood alert” (Data.gov, 

2017) is available for free on IOS and Android, and it is capable of warning stakeholders 

about flooding from them entering their postcode within the application. 
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2.4 Use case scenarios 

2.4.1 Use case MAT-01: “Iron Age Ditch – Old Vicarage Site” 

Name Iron Age Ditch 

Storyboard 
A severe Electrical Storm brings down large trees adjacent to the Mellor Hilltop site. At Mellor Hilltop the tree(s) damage 

site infrastructure and archaeological remains. 

Identifier MAT-01 

Description 

What Iron Age Ditch located at the entrance to the old vicarage site. The remains of a 3 m wide x 3 m deep Iron Age ditch. 

Where The Iron Age Ditch is located to the west of Church Road, Mellor and South of the field containing the Iron Age ditch 

Why 

Strong winds, and more frequent and more intense precipitation may lead to damage of the ditch itself. Winds and storms 

may fell nearby trees which could damage or destroy the remains of the ditch. Landslides and more rapid erosion may be 

a result of increased frequency and intensity of precipitation.  

There is also the possibility of vandalism occurring here. 

As the ground becomes saturated after many days of rainfall the ditch is more likely to become flooded and damage 

occurring from waterlogged soil draining into the ditch. 

Scope 

Monitoring the weather locally to the site. The sites microclimate is of key importance here. Sensors monitoring the 

ground temperature and saturation will also be of interest. Monitor the site for vandals and other unwanted human activity 

using acoustic sensors. 

Goal Understand the impacts of changing climate on the ditch, so that measures can be taken to alleviate these risks.  
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Initial Requirements 

Req_ID Relevance
1
 Owner Description 

REQ-MAT-

MON-01 
M SPA 

The environmental conditions linked to site risks MUST be continuously 

detected and measured  

REQ-MAT-

MON-02 
M USAL 

The microclimate conditions linked to site risks MUST be continuously 

detected and measured 

REQ-MAT-

MON-03 
M MAT Regularly monitoring vegetation change on site MUST be provided 

REQ-MAT-

MON-04 
M TEIP 

Abnormal activity (e.g., human activity) in the site areas MUST be 

monitored using acoustic sensors  

REQ-MAT-

MON-05 
M ENG 

Crowdsensing mobile applications MUST be provided in order to improve 

engagement of the involved stakeholders (e.g., visitors/volunteers and CH 

operators) about how to properly detect subtle clues or early signs of hazards 

occurring, and offers streamlined steps to report descriptive risk information 

(photos, text, position) 

REQ-MAT-

MAN-01 
M USAL 

Climate changes and natural hazards effect on CH assets MUST be – 

highlighted along the time 

REQ-MAT-

MAN-02 
M USAL 

Natural hazards effect MUST be detected and managed through direct 

involvement and prompt engagement of the CH experts 

REQ-MAT-

MAN-03 
M ENG 

Collaboration and knowledge-sharing platform MUST be provided for 

natural disasters and climate change effects data collection and information 

sharing among different stakeholders (e.g., engineers, architects, 

archaeologists, conservator-restorers, firefighters, etc.) and for supporting a 

                                                 
1
 Mandatoty, Desirable, Optional 
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collaborative decision making process along with them. 

REQ-MAT-

INT-01 
D MAT 

Predefined policies SHOULD be recommended by the Decision Support 

Services in order to propose the action to be taken. 

Assumptions 

Technical Weather stations, Environmental Sensor Networks, Ground based LIDAR and drones are already available on site.  

Organisational 
1. Photogrammetry monitoring is currently underway  

2. Data prepossessing for environmental sensors and weather stations is currently underway 

Post Conditions 

a) Warnings when rain, air temperature, and wind are over a predefined threshold. Once warnings are relayed human 

actors can act upon warnings and take measures to protect assets. 

b) Rates of erosion to the surfaces can be assessed and points of interest may be identified through comparisons of 

photogrammetry, LIDAR and other similar data. Warnings can then be relayed to the site responsible who can take 

action in terms of conservation and repair work. 

c) Warnings when abnormal activity (e.g., human activity in hours when it is not expected) takes place. Human actors 

can act to verify the warning and act accordingly to avoid any vandalism actions in the site. 

Technical dependencies 

 Site sensors 

 Weather data analysis service 

 Mobile application 

Human actors 

 MAT site manager 

 Archaeologist  

 Architect 

 Conservator-restorers 

 Volunteer  

Exceptions Damage of the equipment/sensors placed on site 
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2.4.1 Use case MAT-02: “Reconstructed Roundhouse – Old Vicarage Site”  

Name Reconstructed Roundhouse 

Storyboard 
As a result of climate monitoring and intervention measures access to visitors is improved. Additional footfall causing erosion 

of archaeology and infrastructure. Increased awareness of sites attracts more vandalism/theft 

Identifier MAT-02 

Description 

What A reconstructed Iron Age roundhouse, built by Sixth Form College students in 2002. To provide an example of how the area 

may have looked during the Iron Age. 

Where 

The reconstructed roundhouse has been built in the triangular field to the North of the Iron Age ditch. The Triangular field was 

thought to have been the location of many such roundhouses in the Iron Age, indicated by the post holes and drainage ditches 

found around the site. 

Why 

Strong winds, more frequent and more intense precipitation may lead to damage of the roundhouse. Winds and storms may fell 

nearby trees which could damage the roundhouse. Changes in amount and intensity of precipitation may lead to faster eroding 

of the roundhouse structure.  

The ambient conditions inside of the roundhouse are of interest here. In summer months, the temperature inside the round 

house may be substantially higher than cooler times of the year.  Such temperature changes, especially over short timespans, 

may lead to faster degradation of the building materials. 

There is also the possibility of unwanted or unexpected human activity that might lead to vandalism here. 

Scope 

Monitoring the weather locally to the site. The site’s microclimate is of key importance here. Small sensors inside and outside 

of the roundhouse will provide interesting understanding to the environment inside the roundhouse, in terms of humidity and 

temperature, compared with the outside conditions. Monitor the site for any unwanted human activity using acoustic sensors.  

Goal 
Understand the impacts of changing climate on the roundhouse, so that measures can be taken to alleviate these risks, and give 

a better understanding to historic use of roundhouses.  
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Initial Requirements 

Req_ID Relevance Owner Description 

REQ-MAT-

MON-01 
M SPA 

The environmental conditions linked to site risks MUST be continuously 

detected and measured  

REQ-MAT-

MON-02 
M USAL 

The microclimate conditions linked to site risks MUST be continuously detected 

and measured 

REQ-MAT-

MON-03 
M MAT Regularly monitoring vegetation change on site MUST be provided 

REQ-MAT-

MON-04 
M TEIP Human activity in the site areas MUST be monitored using acoustic sensors  

REQ-MAT-

MON-05 
M ENG 

Crowdsensing mobile applications MUST be provided in order to improve 

engagement of the involved stakeholders (e.g., visitors/volunteers and CH 

operators) about how to properly detect subtle clues or early signs of hazards 

occurring, and offers streamlined steps to report descriptive risk information 

(photos, text, position) 

REQ-MAT-

MAN-01 
M USAL 

Climate changes and natural hazards effect on CH assets MUST be – 

highlighted along the time 

REQ-MAT-

MAN-03 
M ENG 

Collaboration and knowledge-sharing platform MUST be provided for natural 

disasters and climate change effects data collection and information sharing 

among different stakeholders (e.g., engineers, architects, archaeologists, 

conservator-restorers, firefighters, etc.) and for supporting a collaborative 

decision making process along with them. 

Assumptions 

Technical Weather stations, Environmental Sensor Networks, Ground based LIDAR and drones are already available on site.  

Organisational 1. Photogrammetry monitoring is currently underway  
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2. Data pre-processing for environmental sensors and weather stations is currently underway 

Post Conditions 

a) Warnings when rain, air temperature, and wind are over a predefined threshold. Once warnings are relayed human actors 

can act upon warnings and take measures to protect assets. 

b) Rates of erosion to the surfaces can be assessed and points of interest may be identified through comparisons of 

photogrammetry, LIDAR and other similar data. Warnings can then be relayed to the site responsible that can take action 

in terms of conservation and repair work. 

Technical dependencies 

 Site sensors 

 Weather data analysis service 

 Mobile application 

Human actors 

 MAT site manager 

 Archaeologist  

 Architect 

 Conservator-restorers 

 Volunteer  

Exceptions Damage of the equipment/sensors placed on site 

2.4.2 Use case MAT-03: “Mellor Mill – Mill Site”  

Name Mellor Mill 

Storyboard 

Scenario 1: An increase in rainfall raises the levels of the mill ponds at Mellor Mill. This increases the volume of water 

flowing in the by-wash (overflow channel) carrying additional debris with it. The by-wash becomes blocked with debris 

and the mill ponds flood the Mellor Mill excavations which are all situated below ground level, leading to potential 

collapse of structures. 

Scenario 2: Prolonged periods of below freezing temperatures when masonry is wet. This causes damage and destruction 

of the exposed archaeology at Shaw Cairn, Mellor Mill and Mellor Hilltop site through freeze/thaw action. 
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Scenario 3: Damage to the Northern Millpond Dam either through erosion or vandalism causes inundation of the exposed 

archaeological remains. 

Identifier MAT-03 

Description 

What 

Foundations of a large cotton mill built in 1790 and burnt down in 1892. Was the largest cotton mill of its time and became 

the template for other mills which subsequently spread through England’s North West region. The mill was built on the 

sides of the River Goyt, in the Goyt valley, and the river was diverted to provide power to the mill. The large main wheel 

pit has been uncovered. 

Where 

Mellor mill is located to the east of Lakes Road and Low Lea road, Mellor, UK. At only ~90 m a.s.l. this is the lowest lying 

of the Mellor sites, and is positioned as the bottom of a deep river valley. The former mill ponds are located to the south 

east of the site. These are now utilised as a local visitor attraction, the Roman Lakes tea rooms.  

Why 

Strong winds, and more intense precipitation may lead to damage to the remaining masonry. Winds and storms may fell 

nearby trees which could damage the brickwork. Changes in amount and intensity of precipitation may lead to faster 

eroding of the remains. 

There is also the possibility of vandalism occurring here. 

The air temperature around on within the Mill remains are of interest. They may indicate specific areas where freeze thaw 

events may be more harmful and where materials may be more vulnerable. This information will be combined with 

precipitation and humidity to devise non-invasive methods for estimating and monitoring freeze thaw events. 

Flooding and inundation is a key concern here, and is twofold. First, heavy precipitation may lead to the River Goyt 

flooding and washing away the archaeology. Second, the former mill ponds are dammed close to the mill. Should this dam 

fail, either maliciously or accidently, the lakes would flood the mill remains and wash away and damage much of the 

masonry.  

Scope 

Monitoring the weather locally to the site. The sites microclimate is of key importance here. Small sensors inside and 

outside of the foundations will provide interesting information about variance in temperature around the remains. LIDAR 

scans of the remains to monitor erosion, and multispectral photography to monitor biological colonization. Monitor the site 

for vandals and other unwanted human activity using acoustic sensors. 
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Goal Understand the impacts of changing climate on the masonry, so that measures can be taken to alleviate these risks.  

Initial Requirements 

Req_ID Relevance Owner Description 

REQ-MAT-

MON-01 
M SPA 

The environmental conditions linked to site risks MUST be continuously 

detected and measured  

REQ-MAT-

MON-02 
M USAL 

The microclimate conditions linked to site risks MUST be continuously 

detected and measured 

REQ-MAT-

MON-03 
M MAT Regularly monitoring vegetation change on site MUST be provided 

REQ-MAT-

MON-04 
M TEIP 

Abnormal activity (e.g. human activity) in the site areas MUST be 

monitored using acoustic sensors  

REQ-MAT-

MON-05 
M ENG 

Crowdsensing mobile applications MUST be provided in order to 

improve engagement of the involved stakeholders (e.g., 

visitors/volunteers and CH operators) about how to properly detect subtle 

clues or early signs of hazards occurring, and offers streamlined steps to 

report descriptive risk information (photos, text, position) 

REQ-MAT-

INT-02 
M USAL/ENG 

The provision and use of a risk detection and management scheme MUST 

be provided, which will allow the triggering of alarm notifications to the 

stakeholders through mobile applications, when precipitation or winds are 

extremely high.  

REQ-MAT-

MAN-01 
M USAL 

Climate changes and natural hazards effect on CH assets MUST be – 

highlighted a long time 

REQ-MAT-

MAN-03 
M ENG Collaboration and knowledge-sharing platform MUST be provided for 

natural disasters and climate change effects data collection and 
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information sharing among different stakeholders (e.g., engineers, 

architects, archaeologists, conservator-restorers, firefighters, etc.) and for 

supporting a collaborative decision making process along with them. 

Assumptions 

Technical Weather stations, Environmental Sensor Networks, Ground based LIDAR and drones, are already available on site.  

Organisational 
1. Photogrammetry monitoring is currently underway  

2. Data pre-processing for environmental sensors and weather stations is currently underway 

Post Conditions 

a) Warnings when rain, air temperature, and wind are over a predefined threshold. Once warnings are relayed human 

actors can act upon warnings and take measures to protect assets. 

b) Rates of erosion to the surfaces can be assessed and points of interest may be identified through comparisons of 

photogrammetry, LIDAR and other similar data. Warnings can then be relayed to the site responsible who can take 

action in terms of conservation and repair work. 

Technical dependencies 

 Site sensors 

 STORM data analysis platform  

 Mobile application 

Human actors 

 MAT site manager 

 Archaeologist  

 Architect 

 Conservator-restorers 

 Volunteer 

Exceptions Damage of the equipment/sensors place on site 

2.4.3 Use case MAT-04 “Shaw Cairn”  

Name Shaw Cairn 
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Storyboard 
As a result of climate monitoring and intervention measures access to visitors is improved. Additional footfall causing erosion 

of archaeology and infrastructure. Increased awareness of sites attracts more vandalism/theft 

Identifier MAT-04 

Description 

What A Bronze Age burial site on the top of Mellor Moor.  

Where 
Shaw Cairn is located on the top of Mellor Moor, Mellor, UK. The elevation of the site is ~325 m a.s.l. Mellor Moor is located 

to the South of the Vicarage site and South East of the Mill site.  

Why 

There is a high the possibility of vandalism occurring here. Artefacts may be stolen and the archaeology may be trodden on 

and damaged by use of off-road motorbikes etc. 

In terms of climate, the weather at the site is important as strength of winds and rain may increase erosion, whilst acidity of the 

rain may influence the archaeological remains. 

Biological colonisation is important here as the materials around the site are all at ground level. This means the heather and 

grass on top of the Moor must be maintained to prevent them from covering/damaging the archaeology.  

Scope 

Monitoring the weather locally to the site. The sites microclimate is of key importance here. LIDAR scans of the remains to 

monitor erosion and damage, and multispectral photography to monitor biological colonization.  

Monitor the site for vandals and other unwanted human activity using acoustic sensors. 

Goal Understand the impacts of changing climate on the masonry, so that measures can be taken to alleviate these risks.  

Initial Requirements 

Req_ID Relevance Owner Description 

REQ-MAT-

MON-01 
M SPA 

The environmental conditions linked to site risks MUST be continuously 

detected and measured  

REQ-MAT-
M USAL 

The microclimate conditions linked to site risks MUST be continuously detected 
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MON-02 and measured 

REQ-MAT-

MON-03 
M MAT Regularly monitoring vegetation change on site MUST be provided 

REQ-MAT-

MON-04 
M TEIP 

Abnormal activity (e.g., human activity) in the site areas MUST be monitored 

using acoustic sensors  

REQ-MAT-

MON-05 
M ENG 

Crowdsensing mobile applications MUST be provided in order to improve 

engagement of the involved stakeholders (e.g., visitors/volunteers and CH 

operators) about how to properly detect subtle clues or early signs of hazards 

occurring, and offers streamlined steps to report descriptive risk information 

(photos, text, position) 

REQ-MAT-

INT-02 
M USAL/ENG 

The provision and use of a risk detection and management scheme, MUST be 

provided, which will allow the triggering of alarm notifications to the 

stakeholders through mobile applications, when precipitation or winds are 

extremely high.  

REQ-MAT-

MAN-01 
M USAL 

Climate changes and natural hazards effect on CH assets MUST be – highlighted 

a long time 

REQ-MAT-

MAN-02 
M ENG 

Collaboration and knowledge-sharing platform MUST be provided for natural 

disasters and climate change effects data collection and information sharing 

among different stakeholders (e.g., engineers, architects, archaeologists, 

conservator-restorers, firefighters, etc.) and for supporting a collaborative 

decision making process along with them. 

Assumptions 

Technical Weather stations, Environmental Sensor Networks, Ground based LIDAR and drones, are already available on site.  

Organisational 
1. Photogrammetry monitoring is currently underway  

2. Data pre-processing for environmental sensors and weather stations is currently underway 
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Post Conditions 

a) Warnings when rain, air temperature, and wind are over a predefined threshold. Once warnings are relayed human actors 

can act upon warnings and take measures to protect assets. 

b) Rates of erosion to the surfaces can be assessed and points of interest may be identified through comparisons of 

photogrammetry, LIDAR and other similar data. Warnings can then be relayed to the site responsible who can take action 

in terms of conservation and repair work. 

Technical dependencies 

 Site sensors 

 STORM data analysis platform  

 Mobile application 

 Drone 

Human actors 
 MAT site manager 

 Archaeologists (MELLOR and SALFORD) 

Exceptions Damage of the equipment/sensors place on site 
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2.5 Potential technological solutions 

The potential technological solutions corresponding to the requirements of the use cases will 

be briefly given in this section along with the proposed actions regarding emergency cycle 

phases.  

The list of the requirements specified for the use cases in Sec.2.4 and a brief overview of the 

corresponding proposed technological solutions, is given respectively in the Table 1 and 

Table 2. 

Table 1: MAT Requirements List 

Req_ID Relevance Owner Description 

REQ-MAT-

MON-01 
M SPA 

The environmental conditions linked to site 

risks MUST be continuously detected and 

measured  

REQ-MAT-

MON-02 
M USAL 

The microclimate conditions linked to site 

risks MUST be continuously detected and 

measured 

REQ-MAT-

MON-03 
M MAT 

Regularly monitoring vegetation change on 

site MUST be provided 

REQ-MAT-

MON-04 
M TEIP 

Abnormal activity (e.g., human activity) in the 

site areas MUST be monitored using acoustic 

sensors  

REQ-MAT-

MON-05 
M ENG 

Crowdsensing mobile applications MUST be 

provided in order to improve engagement of 

the involved stakeholders (e.g., 

visitors/volunteers and CH operators) about 

how to properly detect subtle clues or early 

signs of hazards occurring, and offers 

streamlined steps to report descriptive risk 

information (photos, text, position) 

REQ-MAT-

MAN-01 
M USAL 

Climate changes and natural hazards effect on 

CH assets MUST be – highlighted along the 

time 

REQ-MAT-

MAN-02 
M USAL 

Natural hazards effect MUST be detected and 

managed through direct involvement and 

prompt engagement of the CH experts 

REQ-MAT-

MAN-03 
M ENG 

Collaboration and knowledge-sharing platform 

MUST be provided for natural disasters and 

climate change effects data collection and 
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information sharing among different 

stakeholders (e.g., engineers, architects, 

archaeologists, conservator-restorers, 

firefighters, etc.) and for supporting a 

collaborative decision making process along 

with them. 

REQ-MAT-

INT-01 
D MAT 

Predefined policies SHOULD be 

recommended by the Decision Support 

Services in order to propose the action to be 

taken. 

REQ-MAT-

INT-02 
M USAL/ENG 

The provision and use of a risk detection and 

management scheme, MUST be provided, 

which will allow the triggering of alarm 

notifications to the stakeholders through 

mobile applications, when precipitation or 

winds are extremely high. 

Table 2: Proposed technological solutions for the Mellor site. 

Required 

action 

Disaster risk 

management 

phase 

Related 

hazards 

Requirements 

addressed 

Potential 

technological 

solutions 

Weather 

condition 

monitoring 

Preparedness 

Extreme 

Temperature, 

intense 

rainfall, 

landslides 

REQ-MAT-MON-01 

REQ-MAT-MON-02 

REQ-MAT-MON-03 

REQ-MAT-MON-05 

Weather stations 

Environmental 

Sensor Network 

Crowdsensing 

Degradation 

of structures 

Prevention 

and 

Mitigation, 

Recovery 

Vandalism, 

Extreme 

Temperature, 

Precipitation 

REQ-MAT-MON-03 

REQ-MAT-MON-04 

REQ-MAT-MON-05 

REQ-MAT-MAN-01 

REQ-MAT-MAN-03 

Ground based 

LIDAR 

Multispectral 

Photography 

Crowdsensing 

Wireless Acoustic 

Networks 

Knowledge-

sharing platform 

Vegetation 
Prevention 

and 

Biological 

infestation 

REQ-MAT-MAN-01 

REQ-MAT-MON-01 
Drone 
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Required 

action 

Disaster risk 

management 

phase 

Related 

hazards 

Requirements 

addressed 

Potential 

technological 

solutions 

monitoring Mitigation, 

Recovery 

REQ-MAT-MON-03 Multispectral 

Photography 

User 

Engagement 
Preparedness 

Tourism-

related threats 

REQ-MAT-MON-01 

REQ-MAT-MON-02 

REQ-MAT-MON-04 

REQ-MAT-MON-05 

Environmental 

Sensor Network 

Wireless Acoustic 

Networks 

Crowdsensing 

Knowledge-

sharing platform 

2.5.1 Environmental Sensor Network 

ESN’s are an array of connected sensors which facilitate in the study of environmental 

parameters. ESN sensors or nodes are connected to a base station. As technology develops, 

modern communication protocols are enabling such sensors and base stations to communicate 

over vast areas. The base station will then connect to the internet, either by WIFI, LAN or 

over the mobile network. 

2.5.2 Multispectral Photography 

Such devices catch image information at multiple specific frequencies e.g. ultra violet, visible 

and infrared. The camera is sensitive to light at these wavelengths. The data from each 

spectral band can be extracted by the user and acted upon.  

2.5.3 Ground based LIDAR 

LIDAR, or laser scanning is a tool for producing 3D representations of structures/places of 

interest. The sensor emits laser beams which scan the object of interest producing a point 

cloud, which is millions of data points mapped to millimetre accuracy. The data can be 

modified and examined in computer software, e.g. CAD.  

2.5.4 Crowdsensing mobile application 

In proximity of configurable areas, alerts the visitors/volunteers with a message bearing 

proper information about the hazards and risks that can affect the area and inviting her/him to 

contribute to safeguarding the site’s cultural heritage. Thus the mobile app tries to inform 

visitors/volunteers that would be engaged in mobile crowdsensing activities (operating as a 

“human sensors”) about how to properly detect subtle clues or early signs of hazards 

occurring, and offers streamlined steps to report descriptive information (photos, text, 

position) to the STORM platform. 
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2.5.5 Collaboration and knowledge-sharing platform 

Aims at collecting and sharing data and information related to the threats, vulnerabilities and 

risks concerning natural disasters and climate change effects among different stakeholders 

(e.g., engineers, architects, archaeologists, conservator-restorers, firefighters, public 

authorities, etc.) using a set of integrated functionalities for social collaboration such as blogs, 

wikis, events calendar, document library, etc. Through a collaborative decision making 

process, the stakeholders are also able to select or define the most suitable disaster 

management processes and response plans to be activated, involving different types of 

operational procedures and business rules. 

2.5.6 Wireless acoustic sensor networks (WASNs) 

WASNs can yield information about the environment conditions and any unexpected human 

activity by capturing characteristic sounds accompanying corresponding events (e.g., local 

storm patter, lightning thunder, and sea wave splashing). Specific anthropogenic sounds (due 

to car/boat engines, vandalism actions, shouting, etc.) can also be detected and identified. 
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3 Baths of Diocletian 

3.1 Description of the site 

Since they were built, between AD 298 and 306, the Baths of Diocletian underwent over the 

centuries and millennia different and radical changes which deeply influenced their present 

aspect, as well as their actual role in the city of Rome. 

The Baths were built on a flat area between the Viminal and Quirinal hills, in the modern 

centre of Rome, just opposite the main railway station of the Capital (called “Termini” 

because of its proximity to the Ancient Baths) (Figure 8 and Figure 9). The first 

archaeological finds in the area (remains of wooden huts) date back as far as the 8
th

 century 

BC; in the 2
nd

 and 3
rd

 centuries AD the area already housed a thickly inhabited district, later 

demolished to make space for the most imposing thermal complex ever built in Rome, which 

could host more than 3000 persons at a time. The Baths covered and area of more than 13 

hectares (some 32 acres), contained in a vast enclosure, with the main entrance on the north-

east side and a vast exedra (corresponding to the hemicycle of the modern “Piazza della 

Repubblica) on the opposite side. The main halls of the frigidarium, tepidarium and 

calidarium were aligned along a central axis, with the other halls, as well as two outdoor 

gymnasiums, placed symmetrically around them. The Baths were used probably until the end 

of the 5
th

 century, and later abandoned. Drawings from the 15
th

 and 16
th

 century show that the 

Baths still retained at that time most of their decorations. 

Many centuries later, around 1560, Pope Pius IV assigned the remains of the Baths to the 

Carthusian monks, appointing them as conservators of the ruins. The monks transformed the 

archaeological complex into a Charterhouse, and it was presumably Michelangelo who 

outlined the general structure of the monastic ensemble, with the two cloisters linked to the 

imposing church of Santa Maria degli Angeli (which occupies the Frigidarium and the 

Tepidarium of the Roman Baths). Later on, the ruins have been used and transformed by the 

Papal Government for storing oil and grain. In 1889 the Baths became the seat of the “Museo 

Nazionale Romano”, which opened a year later with the aim to collect and exhibit 

archaeologic materials coming mainly –but not only- from Rome and the surrounding area. 

Nowadays the Baths of Diocletian house the Epigraphic and the Protohistoric sections of the 

National Roman Museum, and are at the same time museum of the archaeological site itself; 

last, but not least, the Baths of Diocletian are a renowned location for noteworthy expositions 

of modern and contemporary art, housed in the imposing Roman halls of the Baths 

(Boldrighini 2014; Friggeri and Cianetti 2014ab; Friggeri et al. 2012). 
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Figure 8: Photo of the area of the Baths and of the surroundings. 

 

Figure 9: Plan of the area of the Baths. 

Today the remains of the Baths in the Museum Area include some halls of the central nucleus 

(Hall I-XI) (Figure 10) as well as the Octagonal Hall (Figure 11) in the external enclosure. 
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Figure 10: Hall X in the central nucleus of the Baths. 

 

Figure 11: Octogonal hall. 

Also a part of the huge wall decorating the open air pool (natatio) survives (Figure 12). 
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Figure 12: The remains of the natatio. 

The remains of the charterhouse buildings include the big cloister, also known as 

Michelangelo’s cloister (Figure 13), and the small cloister, recently restored and reopened to 

the public (Figure 14).  

 

Figure 13: Michelangelo’s Cloister. 
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Figure 14: The small cloister. 

After the area was chosen as seat of the National Roman Museum in 1889, a new Museum 

building was built in the 1920s. After a long restoration work, is has been reopened to the 

public in the year 2000, and nowadays houses the Epigraphic section (Figure 15). 

 

Figure 15: Museum building after the renovation. 

3.2 Hazards and impacts 

Among the natural hazards, those considered very relevant (level 4) are the biological 

factors. Biological hazards can be considered one of the most prominent hazards for the 

Baths of Diocletian. Increasing humidity both in the air and in the grounds causes 

proliferation of biological infestations and increasing mould growth. Consequences of mould 

growth are damages in the plasters and inside the walls (Figure 16), while the growth of 
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invasive weeds can also cause structural damage and fall of materials, particularly in the 

Roman walls (Figure 17). Pests in the area consist mostly in gulls and other birds: they create 

holes in the walls and also their wastes are corrosive and can cause relevant damage to the 

structures. Also rodents are present, being the area part of a big urban settlement, and often 

reaching the area through the sewing system.  

 

 

Figure 16: Mould and plaster damage on the walls of Michelangelo’s cloister. 

 

Figure 17: Invasive weeds on the Roman walls of the Baths. 

Other relevant natural hazards (level 3) are temperature, heat and ice. Though the area of 

Rome has a relatively mild climate, in winter temperatures can fall below 0ºC during the night 

for many consecutive days and then rise at midday up to 15-17 ºC also in winter days. In 2012 

a snow storm hit the city and covered it with snow for a whole week. On the other hand, 

temperatures in summer can rise up to 40ºC.  

Also winds can be considered a relevant risk (level 3). Dominant winds in the area are from 

the northwest quadrant, mostly north and northwest, but southwest winds can also be fairly 

frequent. Strong winds from the northwest particularly affect the external walls of the Roman 

halls I-II and IV (Figure 18), and they can cause fall of materials and deterioration and erosion 

of surfaces. 
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Figure 18: Roman halls I-II-IV, affected by strong winds and wind driven rains. 

Precipitation also affects the site (level 3), with their erosive effect on Roman walls and 

vaults. This happens particularly with wind-driven precipitation. Rain acts in a very impactful 

way through infiltrations that can ultimately lead to fractures, particularly on the vaults of the 

Roman Halls.  

The local storms (combination of high intensity wind and heavy rain) also affect the Baths of 

Diocletian with increasing frequency. These extreme situations have a serious impact in the 

archaeological vestiges, both directly on the buildings and in the lifting of sheds and 

scaffolding, as it already happened on Easter day 2008 (Figure 19). 

 

 

Figure 19: Falling of a scaffolding due to a “mini-tornado” on Easter day 2008. 

Also seismicity is a relevant risk for Diocletian Baths. Risk in continental Italy is very high, 

as it is proved by the last tragic earthquakes, which affected the Apennine area, which luckily 
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did not cause damage to the Baths of Diocletian. In the recent classification of seismic risk in 

the Italian territory, the city of Rome has been divided in two different areas: the southern part 

being more risky (level 2B), the northern and central areas (which include the Baths of 

Diocletian) being safer (level 3A) (Figure 20).  

 

Figure 20: Latest seismic classification of the area of Rome. 

As the Baths of Diocletian lay in the centre of Modern Rome, in a crowded and socially 

problematic area (also due to the proximity to the central Station), significant damage can be 

caused by anthropogenic hazards: 

Urban and traffic pollution are certainly the main hazard in this group (level 5), as the site is 

located in the centre of Rome and surrounded by roads of heavy car and bus traffic. Industrial 

pollution, though present, is lower in terms of impact. Consequences of pollution include dirt 

and corrosion of the external surfaces. 

Terrorism and explosive/radiological attacks. The location of the site just in front of the 

main railway and bus/metro station of the city makes it a potential objective for terrorism and 

for explosive attacks (level 4).  

Occasional damages (on structures and museum objects) can also be caused by increasing 

tourism pressure (increase in recognition/prominence, level 3) the area is open to the public 

and the Museum visitors have increased in the last years by more than 50% (now about 

80.000 per year). The site is also more and more requested as a location for cultural events of 

different types, organised by public entities as well as by private ones, and this could also 

cause some kind of damage (occasional uses-related threats, level 3) 
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3.3 Current practices 

3.3.1 Prevention and Maintenance Plan 

The Baths of Diocletian are a site of the Soprintendenza Speciale per il Colosseo, il Museo 

Nazionale Romano e l’area archeologica di Roma, which is a peripheral body of the Italian 

Ministry of Culture and Tourism (Mibact). The Soprintendenza has a special financial 

autonomy and is partly financed by the Ministry and partly through the entrance fees of its 

Museum and sites (which include the Colosseum, the National Roman Museum etc.). The 

Baths, like all the historical centre of Rome within the Aurelian Walls, is classified as 

UNESCO World Heritage. 

The Baths of Diocletian, as any other Italian cultural heritage, has a prevention and 

maintenance plan in order to mitigate some of the risks, such as:  

The museum staff continuously monitor rooms and any area of the Diocletian site to reduce 

the risk of occasional damages (on structures and museum objects), as well as proximity 

sensors notify security distance from the objects to the visitors; 

The security staff is supported by CCTV and sensors system in order to identify any potential 

damage on structures and museum objects, as well as can identify in real-time unauthorised 

access to restricted areas. This can mitigate risk of terrorism attacks too; 

The maintenance staff periodically (every two months for most of the site areas and every 

three months for specific complex site areas) removes invasive weeds, mitigating the risks of 

structural damage and fall of materials. As well as this cleaning operation, combined with 

periodic check, allows to reduce the biological hazards due to presence of pests (e.g., rodents, 

gulls, pigeons). 

Every week (when site is closed to visitors) the prevention and restoration staff (composed by 

internal technical staff such as archaeologists, architects, restorers) performs a deep inspection 

and assessment of the status of the archaeological site, in order to identify issues which are 

developing and fix them. Also in the Baths of Diocletian archaeologists and architects from 

the local universities are involved in research as well as in monitoring projects. Maintenance 

works are usually subcontracted to private companies.  

3.3.2 Weather and environment monitoring 

Before the implementation of the STORM project the Baths of Diocletian did not have any 

climate or environmental sensors in situ, nor owned a weather station.  

The nearest public weather station is the Historic observatory of Via del Collegio Romano, 

also known as “Stazione meteorologica Roma centro”, founded in 1782 and nowadays part of 

the Rete Agrometeorologica Nazionale controlled by the Ministero delle Politiche Agricole, 

Alimentari e Forestali. The station is at a distance of about one kilometre at the south-west of 

the Baths.  

                     Latitude           Longitude        Height (m) 

41° 53' 54" 12° 28' 50" 57 
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Configuration of the Meteo Station “Roma-Collegio Romano” 

Brand: SIAP-MICROS Model: DA9000 

Installed sensors 
Acquisition 

frequency 

Type of 

measurement 

Max and 

Min 

Unit of 

Measurement  

Air Temperature at 57 m (*) 60 min. Real-time Si °C 

Precipitation at 63 m (*) 10 min. Total No Mm 

Relative Humidity at 57 m (*) 60 min. Real-time Si % 

Wind speed at 63 m (*) 10 min. Average No m/s 

Wind direction at 63 m (*) 10 min. Real-time No Gradi 

Atmospheric pressure at 57 m (*) 60 min. Real-time Si hPa 

Global radiation at 63 m (*) 60 min. Total No KJ/m² 

Sunshine radiation at 63 m 60 min. Total No ore 

Real time data from the station can be accessed directly from the site of the Ministero delle 

Politiche Agricole through the link: 

https://www.politicheagricole.it/flex/FixedPages/Common/miepfy200_elencoStazioni.php?id

confi=00215).  

Data of the last decade can be accessed through the link: http://cma.entecra.it/cromano.htm.  

Historical meteorological data from 1788 are also available in the archive of the Collegio 

Romano Observatory. 

 

http://cma.entecra.it/cromano.htm
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3.4 Use case scenarios 

3.4.1 Use case BOD-01: Halls I, II and IV  

Name Halls I, II and IV of the Baths of Diocletian 

Storyboard 

Scenario 1: Erosion and fall of materials.  

On the occasion of a strong rain combined with prevailing south-west winds, small pieces of mortar and of the Roman 

bricks of the Halls are detached from the building and fall on the ground; the fall of material is a serious threat not only 

for the integrity of the Monument, but also for tourists, as the area is open to the public.  

Scenario 2: A small earthquake strikes Rome.  

After a low/medium-intensity earthquake, the guardians of the Baths of Diocletian have the feeling that part of a high 

vault is differently shaped than before. Having in mind that such changes could be precursors of imminent collapse, they 

call the fire service, the only available expertise at the moment. Firemen are used at taking decisions and provisional 

measures while having access to only a fraction of the needed information, however this case is worse than the average: 

the actual shape of an ancient building is the result of long-standing overlapping deformations which could anyhow 

maintain its balance, but could be easily unbalanced by a provisional measure (e.g., shoring) hastily applied (scenario 2 

could also apply to the expertise of architects and technicians of the Superintendence). 

Identifier BOD-01 

Description What 

Halls I, II and IV of Diocletian’s Baths are three adjoining halls belonging to the central nucleus of the Baths. Each one 

of the Halls measures about m 15 x 30, with a height of approximately 30 meters. Each hall is about 250 m
2
 in surface.  

Halls are built in terracotta bricks held together with thin layers of mortar. Vaults, still partly preserved, are in concrete. 

Where the original vault is not preserved a modern cement covering has been put in place in the 1940’s. The 

preservation state of this modern cover is not optimal and needs to be monitored as well.  
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Where Halls are located on the south west side of central nucleus of the Baths,  

Why 

The halls are threatened by several hazards and threats: 

1. Vibrations: the huge structures are located near a heavy traffic road and a few meters away from the line B of 

the underground, whose vibrations could affect the stability of the ancient structures. 

2. Seismic events: earthquakes are frequent in Italy, and though Rome is among the riskiest areas, structures could 

be damaged by them.  

3. Erosion: the external walls of the halls, particularly the corner, are exposed to prevailing westerly winds and 

strong rains which can cause erosion and fall of materials  

4. Biological colonization is also a threat for the structures, and is often difficult to detect at the initial state also 

due to the great height of the walls.  

5. Damp rising from the floor also affects the structures and can cause the growth of infestations 

6. Air pollution from the heavy traffic in the area can tarnish the walls and cause corrosion of the roman bricks of 

the ancient walls. 

Scope 

The most challenging aspect of the use case is probably the height of the structure; placing (and repairing) sensors on 

some parts of it can be a difficult task; it will be therefore important to choose small and easily manageable sensors; they 

should also be as non-invasive as possible, so as not to damage the structure and not to spoil its appearance. 

- Sensors are required to monitor: Vibrations/earthquakes and connected modifications on the structure 

- Impact of weather (winds and strong rains) on the external surface of the walls  

- Microorganism attacks both in the internal and in the external surface of the walls.  

The implementation of a non-invasive and cost effective monitoring system would allow technicians and restorers to 

have a daily updated overview of the situation. Thus, maintenance works could be started before the damage on the 

ancient walls becomes invasive, and further damage with fall of materials could be easily prevented. 

Goal 
To protect the building from deterioration of masonry caused by flooding (also soluble salt crystallization) or vibrations, 

earthquake that may cause its collapse 
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Initial Requirements 

Req_ID Relevance
2
 Owner Description 

REQ-BOD-

MON-01 
M TUSCIA 

Environmental conditions (e.g., humidity raising and temperature 

jumping) linked to the risks for the site MUST be monitored 

REQ-BOD-

MON-02 
M TEIP 

Information about the environmental conditions MUST be collected 

by capturing characteristic sounds accompanying corresponding 

events (e.g., local storm patter and lightning thunder). 

REQ-BOD-

MON-03 M TUSCIA 

Vibrations, cracks and seismic events MUST be detected and 

monitored, in order to provide input to the risk management and 

response tools. 

REQ-BOD-

MON-04 
M ENG 

Crowdsensing mobile applications MUST be provided in order to 

improve engagement of the involved stakeholders (e.g., 

visitors/volunteers and CH operators) about how to properly detect 

subtle clues or early signs of hazards occurring, and offers 

streamlined steps to report descriptive risk information (photos, text, 

position) 

REQ-BOD-

MON-05 
M CNVVF 

Earthquake damages, climate changes and natural hazards effect on 

CH assets MUST be detected and highlighted during the time 

REQ-BOD-

MAN-01 
M ENG 

Collaboration and knowledge-sharing platform MUST be provided 

for natural disasters and climate change effects data collection and 

information sharing among different stakeholders (e.g., engineers, 

architects, archaeologists, conservator-restorers, firefighters, etc.) and 

for supporting a collaborative decision making process along with 

                                                 
2
 Mandatoty, Desirable, Optional 
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them. 

REQ-BOD-

MAN-02 
M ZAMG 

Strategies as a set of proposed actions and guidelines for managing, 

preventing and mitigating the different risks encountered MUST be 

developed 

Assumptions 

Technical Optical fibres sensors, Acoustic sensors, LIDAR and 3D cloud of points 

Organisational Maintenance of shed, composed of a protective roof and some vertical protections. 

Post Conditions 

a) Data collected by the sensors will allow to understand the rate of damage caused to the structures by traffic 

vibrations (and possibly by earthquakes).  

b) Earthquake damage will also be assessed through LIDAR and 3d cloud of points. Comparison of LIDAR scansions 

obtained in different periods can help assess the deformations of the structures and the damage caused by the event.  

Technical dependencies 
 Site sensors 

 STORM data analysis platform  

 Mobile application 

Human actors 

 BOD Site Manager 

 Archaeologists 

 Architects 

 Conservators – restorers  

 Engineers 

 Firefighters 

 Surveyors 

 Volunteers  

Exceptions Damage of the equipment/sensors place on site 
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3.4.2 Use case BOD-02: Michelangelo’s cloister 

Name Michelangelo’s cloister 

Storyboard 

Scenario 3: Humidity rising from the ground.  

On an unusually wet spring, most probably the effect of climate change, humidity rising form the ground softened the 

plasters of Michelangelo’s cloister, also causing the proliferation of moulds on the walls. 

Due to the climate changes Michelangelo’s cloister is increasingly affected by humidity, which can produce great damages 

both on the plasters as well as on the stability of the walls.  

Scenario 4: Fire emergency in the Museum Area.  

Firemen fight against a fire caused by a thunder in the garden of the Museum, which has stretched to the building as well. 

They pump water which falls down to the area of the cloister, damaging the valuable frescoes preserved in the area.  

Identifier BOD-02 

Description 

What 

The cloister was built from the second half of the 16
th
 century, following a project outlined by Michelangelo; it consists in 

a square area of about m 80 x 80 m, with four corridors covered by a porch enclosing a vast green area. A second floor was 

added to the cloister during the 16
th
 century. 

Building materials are bricks, mortar and cement for the walls; roofs of the second floor are in wood. In the porch is also 

preserved a wooden door decorated by a painting signed and dated 1855.  

Where 
The cloister is located in the north-western area of the ancient Baths of Diocletian, partly overlapping the open air pool 

(natatio). 

Why 
Humidity rising from the ground and the plants present in the cloister garden increasingly affects the area causing 

biological contamination, which can produce great damages both on the plasters as well a as on the stability of the walls.  
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Main hazards and threats: 

1. Humidity 

2. Biological colonization 

3. Fire induced by natural events  

4. Seismic events: earthquakes are frequent in Italy, and though Rome is among the riskiest areas, structures could 

be damaged by them.  

Scope 

The installation of a monitoring system would be highly useful to control humidity levels and for the early detection of 

infestations and pests and the prevention of damages. Also in this case it will be important to use non-invasive sensors to 

avoid spoiling the original structure and aspect of the Renaissance walls.  

The level of humidity, at different heights could be assessed through optical fibre sensors.  

As for disasters caused in the area by extreme events (ex. Fire induced by lightning, or damages caused by tornados as 

really happened in 2008) it would be very important that the first responders should be fully aware of the cultural value and 

of the characteristics of the area of intervention, so as to steer their decisions accordingly. First responders awareness 

would be systematically improved if their Control Centres implemented a service able to raise an alert whenever an 

incident falls within a certain distance from cultural heritage assets. Such alert should be presented to the Control Centre 

operator and sent to previously identified contact points into the Authority competent over the concerned Cultural Heritage 

asset, so as to ease and speed contacts with them, which are now usually slow and difficult. As a result, there is a need of: 

(a) a common standard (format) suitable to embed data regarding the different type of cultural heritage assets, while 

remaining flexible and light. Such a standard, if widely accepted, could strongly facilitate the exchange of data between the 

numerous silos of data; (b) a service for the first responders control centres to access such content over different databases 

through the same data exchange protocol and present them over a common interface so as to make them readable; (c) a 

wide dissemination campaign to gather consensus over the chosen standard; (d) (possibly) a piece of regulation aimed at 

imposing such common standard to any future categorisation work concerning cultural heritage assets. 

Goal 

The relation between the T/RH data and the optical sensor data may generate a pattern allowing to set a RH (relative 

humidity) alert level demanding an intervention.  

In the maintenance strategy it is important to analyse sensors data in treated and non-treated areas to evaluate the durability 

of the effect of the biocide applied.  
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Initial Requirements 

Req_ID Relevance Owner Description 

REQ-BOD-

MON-01 
M TUSCIA 

The humidity levels on the surface of the Michelangelo’s cloister walls MUST BE 

continuously measured to assess and mitigate possible impact on the deterioration 

of the materials. 

REQ-BOD-

MON-04 
M ENG 

Crowdsensing mobile applications MUST be provided in order to improve 

engagement of the involved stakeholders (e.g., visitors/volunteers and CH 

operators) about how to properly detect subtle clues or early signs of hazards 

occurring, and offers streamlined steps to report descriptive risk information 

(photos, text, position) 

REQ-BOD-

MON-05 
M CNVVF 

Earthquake damages, climate changes and natural hazards effect on CH assets 

MUST be detected and highlighted during the time 

REQ-BOD-

MAN-01 
M ENG 

Collaboration and knowledge-sharing platform MUST be provided for natural 

disasters and climate change effects data collection and information sharing 

among different stakeholders (e.g., engineers, architects, archaeologists, 

conservator-restorers, firefighters, etc.) and for supporting a collaborative decision 

making process along with them. 

REQ-BOD-

MAN-02 
M ZAMG 

Strategies as a set of proposed actions and guidelines for managing, preventing 

and mitigating the different risks encountered MUST be developed 

Assumptions 

Technical No technical assumptions 

Organisational Internet connection and cellular data coverage should be available on site. 

Post Conditions 
Data collected by the sensors will allow to detect the humidity level over the Michelangelo’s Cloister walls along with the 

potential biological contamination. 
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Technical dependencies 
 Site sensors 

 STORM data analysis platform  

 Mobile application 

Human actors 

 BOD Site Manager 

 Archaeologists 

 Architects 

 Conservators – restorers  

 Engineers 

 Firefighters 

 Surveyors  

Exceptions Damage of the equipment/sensors place on site; 



 

 

3.5 Potential technological solutions 

The potential technological solutions corresponding to the requirements of the use cases will 

be briefly given in this section along with the proposed actions regarding emergency cycle 

phases.  

The list of the requirements specified for the use cases in Sec. 3.4 and a brief overview of the 

corresponding proposed technological solutions, is given respectively in the Table 3 and 

Table 4.  

Table 3: BOD Requirements List 

Req_ID Relevance Owner Description 

REQ-BOD-

MON-01 
M TUSCIA 

Environmental conditions linked to risks for 

the site MUST be monitored using optical 

fibre sensors 

REQ-BOD-

MON-02 
M TUSCIA 

The humidity levels at the surface of the 

Michelangelo’s cloister walls MUST BE 

continuously measured to assess possible 

impact on the deterioration of the wall 

materials that may affect its structure 

REQ-BOD-

MON-03 
M TEIP 

Information about the environment 

conditions MUST be collected by capturing 

characteristic sounds accompanying 

corresponding events (e.g., local storm patter 

and lightning thunder). 

REQ-BOD-

MON-04 
M TUSCIA 

Vibrations, cracks and seismic events MUST 

be detected and monitored, in order to 

provide input to the risk management and 

response tools. 

REQ-BOD-

MON-05 
M ENG 

Crowdsensing mobile applications MUST be 

provided in order to improve engagement of 

the involved stakeholders (e.g., 

visitors/volunteers and CH operators) about 

how to properly detect subtle clues or early 

signs of hazards occurring, and offers 

streamlined steps to report descriptive risk 

information (photos, text, position) 

REQ-BOD-

MON-06 
M CNVVF 

Earthquake damages, climate changes and 

natural hazards effect on CH assets MUST be 

detected and highlighted during the time 

REQ-BOD-
M ENG 

Collaboration and knowledge-sharing 
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MAN-01 platform MUST be provided for natural 

disasters and climate change effects data 

collection and information sharing among 

different stakeholders (e.g., engineers, 

architects, archaeologists, conservator-

restorers, firefighters, etc.) and for supporting 

a collaborative decision making process 

along with them. 

REQ-BOD-

MAN-02 
M ZAMG 

Strategies as a set of proposed actions and 

guidelines for managing, preventing and 

mitigating the different risks encountered 

MUST be developed 

Table 4: Proposed technological solutions for the Baths of Diocletian. 

Required 

action 

Disaster risk 

management 

phase 

Related 

hazards 

Requirements 

addressed 

Potential 

technological 

solutions 

Seismic 

activity 

monitoring 

Prevention & 

mitigation, 

Preparedness 

Vibrations, 

Seismic 

events 

REQ-BOD-MON-04 

REQ-BOD-MON-05 

REQ-BOD-MON-06 

Seismic 

accelerometer and 

Inclinometer  

Fiber Bragg 

Grating 

Structural 

monitoring 

(integrity, 

degradation) 

Prevention & 

mitigation 
Humidity 

REQ-BOD-MON-01 

REQ-BOD-MON-02 

REQ-BOD-MON-05 

Fiber Bragg 

Grating 

Weather station 

Crowdsensing 

mobile application 

Unmanned aerial 

vehicles 

Vegetation 

monitoring 

Prevention & 

mitigation, 

recovery 

Biological 

colonization 

REQ-BOD-MON-01 

REQ-BOD-MON-02 

Fiber Bragg 

Grating 

Environmental 

sensor network 

Weather 

monitoring 

(temperature, 

winds, 

precipita-

tions) 

Preparedness 

Wind and 

rain erosion, 

Air Pol-

lution, 

Fires indu-

ced by 

natural 

events  

REQ-BOD-MON-01 

REQ-BOD-MON-02 

REQ-BOD-MON- 03 

REQ-BOD-MON-05 

LIDAR 

Terrestrial laser 

scanning  

Weather station 

Wireless acoustic 

sensor networks 

Terrestrial laser 

scanning 

Environmental 

sensor network 
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3.5.1 Environmental sensor network 

Environmental sensor network (ESN) is an array of connected sensors which facilitate in the 

study of environmental parameters. ESN sensors or nodes are connected to a base station. As 

technology develops, modern communication protocols are enabling such sensors and base 

stations to communicate over vast areas. The base station will then connect to the internet, 

either by WIFI, LAN or over the mobile network. 

3.5.2 Light Detection and Ranging 

Light Detection and Ranging (LIDAR) is a remote sensing method that uses light in the form 

of a pulsed laser to measure ranges (variable distances) to the Earth. These light pulses 

generate precise, three-dimensional information about the shape of the Earth and its surface 

characteristics. LIDAR systems allow users to examine both natural and manmade 

environments with accuracy, precision, and flexibility. A LIDAR instrument principally 

consists of a laser, a scanner, and a specialized GPS receiver 

3.5.3 Fiber Bragg Grating 

Fiber Bragg Grating (FBG) is innovative optical fiber (OF) sensors suitable for measuring 

several physical and mechanical parameters, such as strain and temperature with high 

accuracy. Fiber Bragg Grating (FBG) are installed along OF and they behave like a filter that 

allow the passage of all wavelength of the light beam except the one that is characteristic of 

the grating itself. The minimal change of the physical and mechanical parameters of the 

surveyed object cause a corresponding change in Bragg grating period and so of the index of 

refraction. FBG have been used in different fields for some decades now, while their 

application in Structural Health Monitoring (SHM) of CH is more recent. They are strongly 

used as strain gauges, thermometers and humidity sensors, but news studies are ongoing to 

demonstrate many other potentialities. 

3.5.4 Seismic accelerometers  

Seismic accelerometers measure seismic activity. They can be monoaxial or triaxial. There 

are two types of seismic accelerometers, linear and rotational, where the measure of 

displacement of the mass within the accelerometer becomes a measure of acceleration. The 

interval of time between an earthquake and a local alert can be very small, from one minute to 

a few seconds, thus, potentially allowing the execution of security processes in time. 

3.5.5 Terrestrial laser scanning  

Terrestrial laser scanning is a surveying method that extracts distances and angles between the 

scanner and the object or the surface. To do so, it calculates the time needed by an emitted 

laser beam to touch and return to the source, given a predefined value of intensity and 

direction. Most recent scanners are capable of measuring (almost completely) the area around 

them up to some hundred meters and generate a dense cloud of 3D points in a predefined unit 

measure. Repeated measurements collected at regular interval (or just before and after a 

disaster) with this method can be compared, and detected changes can be highlighted in a 3D 

reconstructed environment. 
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3.5.6 Unmanned aerial vehicles 

Unmanned aerial vehicles (UAV), better known as “drones”, are flying platforms controlled 

from the ground and operated by a specialized operator. They can be equipped with some 

technological instruments useful for CH survey and monitoring, such as photo and video 

camera, thermal imaging camera, sensors. They can be used to implement LIDAR 

technology.  

3.5.7 Weather stations  

Weather stations record instantaneous measurements of current atmospheric conditions at a 

specific point. They are able to monitor a vast variety of atmospheric conditions including, 

but not limited to precipitation, air temperature, relative humidity, wind speed and/or 

direction. Measurement records can be also used for short-term and/or long-term predictive 

modelling and weather forecasting. 

3.5.8 Wireless acoustic sensor networks  

Wireless acoustic sensor networks can yield information about the environment conditions 

and any unexpected human activity by capturing characteristic sounds accompanying 

corresponding events (e.g., local storm patter, lightning thunder, and sea wave splashing). 

Specific anthropogenic sounds (due to car/boat engines, vandalism actions, shouting, etc.) can 

also be detected and identified. 

3.5.9 Crowdsensing mobile application 

In proximity of configurable areas, alerts the visitors/volunteers with a message bearing 

proper information about the hazards and risks that can affect the area and inviting her/him to 

contribute to safeguarding the site’s cultural heritage. Thus the mobile app tries to inform 

visitors/volunteers that would be engaged in mobile crowdsensing activities (operating as a 

“human sensors”) about how to properly detect subtle clues or early signs of hazards 

occurring, and offers streamlined steps to report descriptive information (photos, text, 

position) to the STORM platform. 

3.5.10 Collaboration and knowledge-sharing platform 

Aims at collecting and sharing data and information related to the threats, vulnerabilities and 

risks concerning natural disasters and climate change effects among different stakeholders 

(e.g., engineers, architects, archaeologists, conservator-restorers, firefighters, public 

authorities, etc.) using a set of integrated functionalities for social collaboration such as blogs, 

wikis, events calendar, document library, etc. Through a collaborative decision making 

process, the stakeholders are also able to select or define the most suitable disaster 

management processes and response plans to be activated, involving different types of 

operational procedures and business rules. 
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4 Historical Centre of Rethymno and the Fortezza Fortress 

4.1 Description of the site 

The city of Rethymno is located in the middle of the northern road axis of the island of Crete. 

It is one of the most important Cretan urban centres with a constant occupation spanning from 

the Hellenistic period (323-67 BC) up to present. Today, the city has 35.000 inhabitants and 

the historical centre has 3.000 inhabitants. In 1212 the city was conquered by the Venetians 

and in 1646 by the Ottomans, who remained in Crete until the beginning of the 20
th

 century. 

The historical centre is surrounded by the sea from North, West and East (Figure 21). 

 

Figure 21: Drawing on parchment by Francesco Basilicata, 1618 (Venice, Museo Civico Correr) 

Most of the buildings in the historical centre are small, narrow and closely attached due to the 

lack of space. A large part of the historical centre is occupied by public and religious 

buildings of the Venetian period, such as the Rimondi Fountain (Figure 22), the Loggia and 

the church of Santa Maria of the Augustinians and of the Ottoman period, such as the mosque 

of Gazi Hussein Pasha (originally the monastery of the Augustinians), the Kara Musa Pasha 

mosque (Figure 23), public baths etc. 
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Figure 22: The Rimondi Fountain. 1626.  

 

Figure 23: The Kara Musa Pasha Mosque. Late 17th century.  

The Fortezza fortress was founded on the rocky hill of Paleochora, in the northwest part of 

the city. Its total length is approximately 1.370 m and the height of its walls varies from 6m to 

13m. The fortress was designed by the Italian engineer Sforza Pallavicini. Its construction 

begun on September 13
th

 1573 and it was completed during the 1580s. It consists of four 

bastions on the south and east sides (St. Nicholas and St. Paul on the east, the Prophet Elijah 

and St. Luke on the south) and three main salients on the west and north side. The space 

between the bastions and the salients are connected by simple straight walls. From the bastion 

of St. Nicholas to the bastion of St. Luke, the Fortezza site is divided into three sections: 
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scarpa, cordone and parapetto. Several buildings are preserved inside the fortress such as the 

Councillors Lodge, the prison building of the Rector's palace, the Armoury, the Twin 

Building and the mosque of Ibrahim Han.  

St. Paul bastion is situated in the southeast part of the fortress, next to its main entrance. A 

circular watch tower is located at the corner of the bastion. The bastion's walls masonry 

(approx. 10 m high) is constructed from rectangular lime stones. Joining of masonry stones 

consists of mortar.  

St. Lucas bastion is of similar architecture with that of St. Paul's but without a watch tower. A 

semi-bastion (a Γ-shaped building) is preserved in the inner part of the bastion. A double gun 

hole is located at the east side of the bastion.  

 

Figure 24: Aerial photography of the Historical Centre of Rethymno and the Fortezza Fortress. 

Recent archaeological research in the southwest part of the fortress revealed buildings of the 

Hellenistic period. The shipyard on the western foot of the hill, which was carved into the 

bedrock is also Hellenistic. Part of the shipyard is currently under the street and continuous 

under the sea. 

A building of interest is located at the core of the historical centre. This building is the only 

preserved example of a soap factory in the city and it dates in the beginning of the 19th 

century. Part of the building occupies three storeys, whereas the rest of the building occupies 

two storeys. Most of the masonry is plastered apart from the corners and the windows and 

door frames. The exposed surfaces are constructed by rectangular lime stones.  

Despite the poor condition of the structure, the machinery of the factory is preserved.  

The historical centre of Rethymno (Figure 24) was declared a monument in 1967 because of 

its historical, architectural and cultural value (Gerola, 1905-1932; Δημακόπουλος, 1977; 

Giapitzoglou, 2008; Κουγλερή, 2010). 
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4.2 Hazards and impacts 

The historic centre of Rethymno is affected by the following hazards, threats and 

anthropogenic factors: 

Natural Hazards and Threats. 

3. Flooding. The modern commercial port and its nearby Venetian port are the areas mostly affected 

by sea flooding. The saltwater causes the destruction of the port’s infrastructures and damages the 

coastal residences. Floods have been increased in the last years due to the increase of the wind 

intensity, which can reach up to 9 Beauford, and lasts for a long period of time. During 

winter, flooding may reach the core of the historic centre pausing an immediate risk for 

the monuments (Figure 25) 

 

 

Figure 25: Flooding in the Historical Centre. 

4. Wind. The physical effect of wind and the heavy precipitation of sea salt causes the 

erosion of soft calcareous stones. Such stones have been used in the masonry of the 

Fortezza’s fortifications and the buildings of the Historical centre. The acceleration of 

moisture’s evaporation from within the stone pores increases the erosion of stone. The 

combination on wind, salt and external maritime environmental conditions severely affect 

the mortar between the stones of the fortress walls and the plaster of the buildings. Their 

cracking and crumbling causes surface and masonry loss and the inner infrastructure of 

buildings is further exposed to decay. Furthermore, the consistency of the rocky slopes of 

the hill, on which the Fortress was built, are also prone to deterioration due to their 

exposure on maritime wind. The strong winds that causes the fall of trees and damages on 

the tiles roofs of the houses are also of major concern (Figure 26) 
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Figure 26: Chemical and mechanical deterioration of the walls of the Fortezza Fortress. 

5. Vegetation. Plant roots, bushes and trees generate mechanical damage during their 

growth, which in turn leads to the disturbance of stone blocks and mechanical damage of 

drains, water pipes, telephone cables, etc. The previously described mortar decay has 

assisted vegetation growth (mostly Ailanthus Altissima) at the fortification walls of the 

Fortezza fortress and on the surface of abandoned buildings at the historical centre 

(Figure 27) 

 

Figure 27: Biological deterioration of the walls of the Fortezza Fortress. 

6. Earthquakes. Seismic activity poses an important risk for the city. According to the 

Greek Anti-seismic Regulation of 2000 and its subsequent update in 2004, Rethymno 

falls in category B, which follows the hazardous category C. The effect of earthquakes on 

the city is particularly high because many of the preserved buildings and structures, such 

as the minarets of the mosques or the bell tower of the Orthodox Cathedral, are 

considerably high (Figure 28). 
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Figure 28: Greece Earthquake map.  

5. Air humidity and precipitation. Relative humidity (RH%) greatly affects masonry 

preservation both on the Fortezza and historic centre buildings. Corrosion of metals 

within the masonry is also accelerated by humidity. The dry-wet cycles, condensation and 

salt crystallization cycles cause mechanical damages in stones and metallic parts and 

favours chemical reactions within the stone and metal chemical compositions. Rain water 

erodes the stone surface and assists plant growth and bio-decay on the surface of the 

masonry. Wind and rain further intensify the damaging effect.  

6. Solar radiation. The intense and increased UV radiation that is observed especially 

during the summer period causes severe discoloration and fading of the pigments on the 

decorated surfaces of the buildings of the historic centre and the decomposition of 

coatings and varnishes on wooden surfaces. The same effect is also observed on the 

Ottoman buildings within the fortress.  

Anthropogenic hazards and threats 

1. Vandalism. Graffiti is the main anthropogenic decay factor observed in Rethymno and 

often on the surface of important monuments, such as the lighthouse of Rethymno. Their 

removal is often time consuming and it is undertaken by the specialized staff of the 

Ephorate (Figure 29) 
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Figure 29: Graffiti on historical buildings. 

4.3 Current practices 

The city of Rethymno is a listed monument since 1967 and it is under the auspice of Ephorate 

of Antiquities of Rethymno which is regional service of the Greek Ministry of Culture and 

Sports. The current conservation and restoration practices applied on both public and private 

buildings, including monuments of religious practice (Christian and Ottoman) located in the 

historic centre are described below.  

4.3.1 Maintenance 

Maintenance of the public spaces in the historic centre of Rethymno (squares, streets and 

gardens) is carried out regularly and according to scheduled actions by the municipality of 

Rethymno. Private cleaning companies are responsible for the daily cleaning of the historic 

centre. The gardens are cared in scheduled intervals by the relevant municipality division. 

Accordingly the beach that defines the east border of the historic centre is also cleaned 

regularly from the accumulation of sea weed that the strong winds cause. Pest control is also 

scheduled on specific time intervals and undertaken by pest control companies.  

The sewers and drains are cleaned three times per year. Regarding the maintenance of the 

private buildings, this falls under the responsibilities of the owners. The public historic 

buildings such as the Kara Musa Pasha mosque and the Valide Sultan mosque as well as the 

S. Francis church are under the management of the Ephorate of Antiquities of Rethymno. 

At the Fortezza fortress, the garbage pickup is done daily by the municipality cleaning 

division. The paths, trees and plants within the fortress are also regularly cleaned and cared 
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for, especially during the period between March-November, when the fortress is open to the 

public and has high visitation. 

4.3.2 Conservation and restoration works 

The Ephorate of Antiquities of Rethymno is responsible for all the conservation and 

restoration works taking place on the Ottoman and Venetian monuments. Such monuments 

are the mosques of Kara Musa Pasha and Valide Sultan, as well as the S. Francis church, the 

Venetian fountain Rimondi and Ottoman fountains as well as the Guora Gate of the Venetian 

fortification.  

The conservation works undertaken on the monuments concern both the physical preservation 

of the monument and its accessibility and use by the public. Such an example is the 

restoration of S. Francis church where the Temporary exhibition of the Archaeological 

Museum of Rethymno is currently housed. In 2016, the conservation of the Valide Sultan 

mosque began after the removal of the modern buildings from its front. 

Any conservation or restoration work concerning the private historic buildings is 

implemented after the approval of the Ephorate of Antiquities of Rethymno. In cases where 

the preservation of a private building is under risk, first aids architectural conservation is 

undertaken in order to avoid the collapse of the building.  

The conservation works are undertaken by the permanent specialized staff of the Ephorate 

which includes, archaeologists, architects, civil engineers, conservators and technicians. 

 

 

Figure 30: The Cavalier of Saint Luke in the Fortezza Fortress, before (1980s) and after the 

restoration works (2006).  

The conservation and restoration of the buildings within the Fortezza fortress as well as those 

of the fortification walls are undertaken by the Ephorate of Antiquities of Rethymno. The 

most recent work was carried out in 2016 on parts of the fortification walls for the 

enhancement of the masonry (Figure 30). 

 



 

 

4.4 Use case scenarios 

4.4.1 Use case HCR-01: “The fortification wall of St. Paul’s bastion in Fortezza Fortress” 

Name The fortification wall of St. Paul’s bastion in Fortezza Fortress 

Storyboard 
In the incident of an earthquake, the existing crack on the bastion is likely to expand and cause the collapse of 

the corner of the bastion. 

Identifier HCR-01 

Description 

What 

The bastion of St. Paul is one of the four bastions of the Fortezza Fortress. Its architectural parts are scarpa, 

cordone and parapetto and at its northeastern corner there is a watchtower. The bastion’s wall is made of 

masonry, rectangular stones with coating while the parapetto is also plastered. The wall is about ten (10) meters 

high and its width, on its upper side, varies from 1,5m to 1,75m. The parapetto is 1,8m high and 1m wide. At the 

top there is a circular watchtower, also constructed of masonry. The watchtower, which is 2,9m high and 1,55m 

wide, protrudes from the wall and is supported by corbels 0,7m long. 

Where 
The bastion constitutes the southeastern section of the Fortezza, with its wall extending along Katehaki street, 

which is one of the basic routes to the fortress. 

Why 

Α large crack exists in the wall. It starts at the side of the watchtower and descends for several meters on the 

wall. The soil conditions in the area and the evolution of the large crack need to be constantly monitored. The 

bastion is situated in one of the most populated areas of the city and the area is visited by a large number of 

tourists during the summer months. That factor imposes also the danger of human accidents due to a possible 

collapse at the site. 

The area is under the following environmental threats that could lead to greater damage effects: 

1. Earthquake 

2. Floods that could be the aftermath of an intense rainfall. Floods could infiltrate the structure of the wall and 

lead to the deterioration of its coating (mortar inside the wall). 
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Scope 

Specify, monitor and measure the factors that affect most the status of the structure  

Provide accurate monitoring solutions of the weather conditions on site 

Provide solutions for assessing the damages caused by the seismic activity in the area  

Define preventive measures to protect the area in case of flooding (before, during, after) 

Monitoring of the large crack evolution and the factors affecting it using accurate and effective technological 

solutions. 

Goal 
To protect the bastion of St. Paul from deterioration of masonry caused by flooding or earthquake that may lead 

to its collapse 

Initial Requirements 

Req_ID Relevance
3
 Owner Description 

REQ-HCR-

MON-01 
M FORTH 

The crack evolution MUST be effectively and accurately 

detected by measuring changes on the size of the cracks 

on the wall 

REQ-HCR-

MON-02 
M FORTH 

Weather conditions MUST be continuously monitored in 

order to predict possible flood 

REQ-HCR-

MON-03 
M FORTH 

Seismic activity linked to site risks MUST be 

continuously monitored in the area 

REQ-HCR-

MON-04 
M ENG 

Crowdsensing mobile applications MUST be provided in 

order to improve engagement of the involved 

stakeholders (e.g., visitors/volunteers and CH operators) 

about how to properly detect subtle clues or early signs of 

hazards occurring, and offers streamlined steps to report 

descriptive risk information (photos, text, position) 

REQ-HCR-

MAN-01 
M ENG 

Collaboration and knowledge-sharing platform MUST be 

provided for natural disasters and climate change effects 

data collection and information sharing among different 

stakeholders (e.g., engineers, architects, archaeologists, 

conservator-restorers, firefighters, etc.) and for supporting 

a collaborative decision making process along with them. 

                                                 
3
 Mandatoty, Desirable, Optional 
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REQ-HCR-

MAN-02 
M ZAMG 

Strategies as a set of proposed actions and guidelines for 

managing, preventing and mitigating the different risks 

encountered MUST be developed 

Assumptions 

Technical Crack-meters, Weather station and Accelerometer are already available on site. 

Organisational 
1. Data collection and data interpretation,  

2. Sensor installation  

Post Conditions 

a) Comparison of crack measurements to assess the structural damage or identifying possible future structural 

risks 

b) Indication whether a hit by earthquake or by heavy rain has affected the cracks on the wall and thus, the 

overall wall structure 

Technical dependencies 

 Site sensors 

 Weather data monitoring service 

 Crack monitoring service 

 Data analysis services  

 Risk management tools 

 Mobile application 

Human actors 

 HCR Site Manager 

 Structural and Civil engineers,  

 Conservation-scientists (geophysicists, geoarchaeologists, environmental engineers, seismologists) 

 Architects,  

 Conservator-restorers,  

 Archaeologists and Archivists, 

 Firefighters 
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Exceptions Damage of the equipment/sensors placed on site 

4.4.2 Use case HCR-02: “Wall, part of the façade of the double gun hole in St. Lucas bastion in Fortezza Fortress” 

Name 
Wall, part of the façade of the double gun hole in St. Lucas bastion in Fortezza Fortress 

 

Storyboard 

In the incident of heavy rainfall it is likely to experience flooding on the earth filled level in the interior of the 

bastion. That may cause collapse of the bastion due to pressure produced by the excess water held within the earth 

fillings.  

Identifier HCR-02 

Description 

What 

The façade of the double gun hole in St. Loucas bastion in Fortezza Fortress. The wall is constructed of local 

stones with coating and partially covered with plaster. It is about 4m height and 0,70m width. In the base of the 

wall there are two vaulted gun holes. On the northern part a stone staircase is attaché, which leads to the upper 

level of the bastion. 

Where 
The wall is located in the eastern part of the bastion of St Lucas in the Fortezza Fortress, in about 4m distance from 

the fortification wall.  

Why 

The construction has been detached and presents a large crack that reaches the bastion wall. The cause of the crack 

is not known. A possible reason is the pressure of the earth fills, or the recession of the ground. The area needs 

constant monitoring in the crack and the internal earth fills. The wall is in danger because of: 

1. Flood because of intense rainfall might penetrate the structure of the wall and deteriorate the mortar inside 

the wall and 

2. Earthquake 

Scope 

Specify, monitor and measure the factors that affect most the status of the structure  

Provide accurate monitoring solutions of the weather conditions on site 

Provide solutions for assessing the damages caused by the seismic activity in the area  

Define preventive measures to protect the area in case of flooding (before, during, after) 

Monitoring of the soil conditions of the area through frequent surveying and assessment activities 

Monitoring of the condition of the plaster and coating in the original structure as well as at the parts reconstructed 
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in several interventions of 18
th

 and 20
th

 century 

Goal 
To protect the gun hole wall of the bastion of St Lucas from deterioration of masonry caused by flooding or 

earthquake and from the alterations of the condition of the plaster and mortar that may cause its collapse. 

Initial Requirements 

 

Req_ID Relevance Owner Description 

REQ-HCR-

MON-02 
M FORTH 

Weather conditions MUST be continuously monitored and measured in 

order to predict possible flood 

REQ-HCR-

MON-03 
M FORTH Seismic activity in the area MUST be monitored 

REQ-HCR-

MON-04 
M ENG 

Crowdsensing mobile applications MUST be provided in order to 

improve engagement of the involved stakeholders (e.g., 

visitors/volunteers and CH operators) about how to properly detect 

subtle clues or early signs of hazards occurring, and offers streamlined 

steps to report descriptive risk information (photos, text, position) 

REQ-HCR-

MON-05 
M 

EFARETH, 

FORTH 

Changes/movement in the earth fills within the bastion’s square MUST 

be continuously detected and measured in order to assess possible 

impact on the wall structure 

REQ-HCR-

MON-06 
M EFARETH 

The condition of the plaster and mortar in the original structure as well 

as at the reconstructed parts MUST be monitored in order to assess 

changes due to extreme weather conditions and/or seismic activity.  

REQ-HCR-

MON-07 M 
EFARETH, 

FORTH 

The humidity levels at the surface of the wall MUST BE continuously 

measured to assess possible impact on the deterioration of the wall 

materials that may affect its structure 

REQ-HCR-

MAN-01 
M ENG 

Collaboration and knowledge-sharing platform MUST be provided for 

natural disasters and climate change effects data collection and 

information sharing among different stakeholders (e.g., engineers, 

architects, archaeologists, conservator-restorers, firefighters, etc.) and 

for supporting a collaborative decision making process along with 

them. 

REQ-HCR-
M ZAMG Strategies as a set of proposed actions and guidelines for managing, 

preventing and mitigating the different risks encountered MUST be 
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MAN-02 developed 

Assumptions 

Technical 
Weather station, Accelerometer, Laser scanner, IR sensor, XRD-XRF, ERT sensors, camera, are already available 

on site. 

Organisational 

1. Geophysical and optical/imaging surveying,  

2. XRD-XRF analysis, 

3. Data processing and interpretation,  

4. sensor installation and survey targets positioning 

Post Conditions 

a) Comparison of monitoring and surveying measurements to assess the structural damage or identifying possible 

future structural risks. 

b) Indication whether a hit by earthquake or by heavy rain has affected the overall wall structure. 

c) Evaluation of the quality of the original wall materials as well as the materials used in posterior interventions 

Technical dependencies 

 Site sensors 

 Weather data monitoring service 

 Data analysis platform  

 Risk management tools  

 Mobile application  

 Collaborative and knowledge-sharing platform 

 Geophysical and optical/imaging surveying equipment 

 XRD-XRF equipment 

Human actors 

 HCR Site Manager 

 Structural and Civil engineers,  

 Conservation-scientists (geophysicists, geoarchaeologists, environmental engineers, seismologists, material scientists) 

 Architects,  

 Conservator-restorers 

 Archaeologists,  
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 Firefighters 

Exceptions 
Damage of the equipment/sensors placed on site 

Deviations in the plan for required surveying activities due to weather conditions 

4.4.3 Use case HCR-03: “Soap factory” 

Name Soap Factory 

Storyboard 

In the incident of intense and prolonged storm with strong winds, it is likely that flooding may occur in the 

building. Possible damages include the collapse of the preserved roof and that of the wooden floor of the first 

storey where part of the machinery is preserved. 

 

Identifier HCR-03 

Description 

What 

The building is a soap factory. Part of the building occupies three storey, whereas the rest of the building occupies 

two storey.  The building is dated in the end of 18
th

 - beginning of the19
th

 century with interventions in the 20
th

 

century. The machinery of the soap factory is still in place, in the ground and first floor.  

Where 

The building is located in the historical centre of the city of Rethymno, in a very narrow street. The walls of the 

building are made of masonry, 0,50m wide, and they are covered with plaster, internally and externally. Some of 

the openings of the first floor are blocked with bricks. The remaining openings are made of masonry. Doors and 

windows are made of wood.  

Why 

The roof tile has collapsed, almost completely, during the last decades. The external wall presents serious static 

problems with cracks and distortions, while the plaster has partially collapsed. The building is in danger in case of:  

1. Flood because of intense rainfall which might penetrate the building structure and deteriorate the mortar of 

the walls 

2. Fire and 

3. Earthquake   

Scope 
Specify, monitor and measure the factors that affect most the status of the building structure  

Provide accurate monitoring solutions of the weather conditions on site 
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Provide solutions for assessing the damages caused by the seismic activity in the area  

Define preventive measures to protect the area in case of flooding (before, during, after) 

Goal To protect the building from deterioration of masonry caused by flooding or earthquake that may cause its collapse 

Initial Requirements 

Req_ID Relevance Owner Description 

REQ-HCR-

MON-02 
M FORTH 

Weather conditions MUST be continuously monitored in order to 

predict possible flood  

REQ-HCR-

MON-03 
M FORTH 

Seismic activity linked to site risks MUST be continuously 

monitored in the area 

REQ-HCR-

MON-04 
M ENG 

Crowdsensing mobile applications MUST be provided in order to 

improve engagement of the involved stakeholders (e.g., 

visitors/volunteers and CH operators) about how to properly detect 

subtle clues or early signs of hazards occurring, and offers 

streamlined steps to report descriptive risk information (photos, 

text, position) 

REQ-HCR-

MON-08 
M 

EFARETH, 

FORTH 

The structural integrity of the building MUST be evaluated through 

temporal monitoring 

REQ-HCR-

MAN-01 
M ENG 

Collaboration and knowledge-sharing platform MUST be provided 

for natural disasters and climate change effects data collection and 

information sharing among different stakeholders (e.g., engineers, 

architects, archaeologists, conservator-restorers, firefighters, etc.) 

and for supporting a collaborative decision making process along 

with them. 

Assumptions 

Technical Weather station, Accelerometer, Laser-scanner, camera are already available on site. 

Organisational 

1. Optical/imaging surveying,  

2. Data processing and interpretation,  

3. sensor installation and  

4. survey targets positioning 

Post Conditions 

a) Comparison of measurements to assess the structural damage or identifying possible future structural risks 

b) Indication whether a hit by earthquake or by heavy rain has affected the cracks on the wall and thus, the 

overall wall structure 
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Technical dependencies 

 Site sensors 

 Weather data monitoring service 

 Data analysis platform  

 Risk management and knowledge sharing tools 

 Mobile application  

 Optical/imaging surveying equipment 

Human actors 

 HCR Site Manager 

 Structural and Civil engineers,  

 Conservation-scientists (geophysicists, geo-archaeologists, environmental engineers, seismologists) 

 Architects,  

 Conservator-restorers 

 Archaeologists and Archivists,  

 Firefighters,  

Exceptions 
Damage of the equipment/sensors placed on site 

Deviations in the plan for required surveying activities due to weather conditions 

6.4.4 Use case HCR-04: “The Lighthouse in the Venetian port (historical centre)” 

Name The Lighthouse in the Venetian port (historical centre) 

Storyboard 
In the incident of an earthquake, the highest part of the fragile structure may collapse. 

Identifier HCR-04 

Description 

What 

The lighthouse of the Venetian port of the historical centre is constructed from rectangular limestones and has 

polygonal base. It has arched entrance door and internal staircase made of stone. Its height is 9m tall. Externally 

it is decorated with bas-relief with geometrical patterns. 

Where It is located in the east part of the Venetian port, in the edge of the breakwater. 

Why Its shell presents static problems with cracks and distortions. The building is in danger in case of:  
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1. intense rainfall which might penetrate the building structure and deteriorate the mortar of the walls  

2. earthquake 

3. wind 

Scope 

Specify, monitor and measure the factors that affect most the status of the structure  

Provide solutions for assessing the damages caused by the seismic activity in the area  

Provide accurate monitoring solutions of the weather conditions on site 

Goal 
To protect the Lighthouse of the Venetian port from deterioration of masonry caused by earthquake that may 

cause its collapse 

Initial Requirements 

Req_ID Relevance Owner Description 

REQ-HCR-MON-02 M FORTH 
Weather conditions MUST be continuously 

monitored 

REQ-HCR-MON-03 M FORTH 
Seismic activity linked to site risks MUST be 

continuously monitored in the area 

REQ-HCR-MON-04 M ENG 

Crowdsensing mobile applications MUST be 

provided in order to improve engagement of the 

involved stakeholders (e.g., visitors/volunteers 

and CH operators) about how to properly detect 

subtle clues or early signs of hazards occurring, 

and offers streamlined steps to report 

descriptive risk information (photos, text, 

position 

REQ-HCR-MON-08 M 
EFARETH 

FORTH 

The structural integrity of the building MUST 

be evaluated through temporal monitoring 

Assumptions 

Technical Weather station, Accelerometer, camera, UAV (drone) are already available on site 

Organisational 
1. Optical/imaging surveying,  

2. Data processing and interpretation,  
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3. sensor installation and  

4. survey targets positioning 

Post Conditions 
a) Comparison of measurements to assess the structural damage or identifying possible future structural risks 

b) Indication whether a hit by earthquake or by heavy rain has affected the overall wall structure 

Technical dependencies 

 Site sensors 

 Weather data monitoring service 

 Data analysis platform  

 Risk management tools 

 Mobile application  

 Optical/imaging surveying equipment 

 UAV equipment (drone) 

Human actors 

 HCR Site Manager 

 Structural and Civil engineers,  

 Conservation-scientists (geophysicists, geo-archaeologists, environmental engineers, seismologists) 

 Architects,  

 Conservator-restorers,  

 Archaeologists,  

 Firefighters 

Exceptions 
Damage of the equipment/sensors placed on site 

Deviations in the plan for required surveying activities due to weather conditions 

 



 

 

4.5 Potential technological solutions 

The list of the requirements specified for the use cases in Sec. 4.4 and a brief overview of the 

corresponding proposed technological solutions, is given respectively in the Table 5 and 

Table 6. 

Table 5: HCR Requirements List 

Req_ID Relevance Owner Description 

REQ-HCR-

MON-01 
M FORTH 

The crack evolution MUST be effectively and 

accurately detected by measuring changes on 

the size of the cracks on the wall 

REQ-HCR-

MON-02 
M FORTH 

Weather conditions MUST be continuously 

monitored in order to predict possible flood 

REQ-HCR-

MON-03 
M FORTH 

Seismic activity linked to site risks MUST be 

continuously monitored in the area 

REQ-HCR-

MON-04 
M ENG 

Crowdsensing mobile applications MUST be 

provided in order to improve engagement of 

the involved stakeholders (e.g., 

visitors/volunteers and CH operators) about 

how to properly detect subtle clues or early 

signs of hazards occurring, and offers 

streamlined steps to report descriptive risk 

information (photos, text, position) 

REQ-HCR-

MON-05 
M 

EFARETH, 

FORTH 

Changes/movement in the earth fills within the 

bastion’s square MUST be continuously 

detected and measured in order to assess 

possible impact on the wall structure 

REQ-HCR-

MON-06 
M EFARETH 

The condition of the plaster and coating in the 

original structure as well as at the reconstructed 

parts MUST be monitored in order to assess 

changes due to extreme weather conditions 

and/or seismic activity.  

REQ-HCR-

MON-07 
M 

EFARETH, 

FORTH 

The humidity levels at the surface of the wall 

MUST BE continuously measured to assess 

possible impact on the deterioration of the wall 

materials that may affect its structure 

REQ-HCR-

MON-08 
M 

EFARETH, 

FORTH 

The structural integrity of the building MUST 

be evaluated through temporal monitoring 

REQ-HCR-

MAN-01 
M ENG 

Collaboration and knowledge-sharing platform 

MUST be provided for natural disasters and 

climate change effects data collection and 

information sharing among different 

stakeholders (e.g., engineers, architects, 

archaeologists, conservator-restorers, 

firefighters, etc.) and for supporting a 

collaborative decision making process along 

with them. 

REQ-HCR-
M ZAMG Strategies as a set of proposed actions and 

guidelines for managing, preventing and 



D3.1: Use case scenarios and requirements definition 
 

 

H2020 – DRS11 - 700191 85 

 

MAN-02 mitigating the different risks encountered 

MUST be developed 

Table 6: Proposed technological solutions for the Historical Centre of Rethymno site. 

Required 

action 

Disaster risk 

management 

phase 

Related 

hazards 

Requirements 

addressed 

Potential 

technological 

solutions 

Weather 

monitoring 

Risk 

assessment  

Flooding, 

storms, 

wildfires, 

intense 

rainfall 

REQ-HCR-MON-02 
Weather station 

Seismic 

activity 

monitoring 

Risk 

assessment 
Earthquakes REQ-HCR-MON-03 

Accelerometer, 

Seismic sensor-

recorder 

Structural 

monitoring 

(integrity, 

degradation) 

Risk 

assessment, 

Prevention & 

mitigation, 

Recovery 

Extreme 

weather 

conditions,  

REQ-HCR-MON-08 
Laser scanning 

REQ-HCR-MON-08 
Photogrammetry 

REQ-HCR-MON-05 
ERT 

REQ-HCR-MON-06 
XRD-XRF 

REQ-HCR-MON-01 
Crack meters 

REQ-HCR-MON-07 
IR thermal 

imaging 

Soil surface & 

subsurface 

monitoring 

(integrity, 

voids, 

discontinuities) 

Risk 

assessment, 

Prevention & 

mitigation 

Landslides, 

land 

subsidence 

earth fills, 

soil erosion 

REQ-HCR-MON-05 
ERT 

REQ-HCR-MON-05 
GPR 

Risk 

management, 

knowledge 

sharing and 

user 

engagement  

Risk 

assessment, 

Preparedness, 

Prevention & 

mitigation, 

Response 

All REQ-HCR-MON-04 

Crowdsensing 

mobile 

application 

A brief description of the non-contact ground and close-range sensing techniques is provided 

in the following.  

4.5.1 Weather stations 

Weather stations record instantaneous measurements of current atmospheric conditions at a 

specific point. Depending on the model, they are able to monitor a vast variety of atmospheric 
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conditions including, but not limited to precipitation, air temperature, relative humidity, wind 

speed and/or direction. Measurement records can be also used for short-term and/or long-term 

predictive modelling and weather forecasting. 

4.5.2 Seismic accelerometers 

Seismic accelerometers measure seismic activity. There are two types of seismic 

accelerometers, linear and rotational, where the measure of displacement of the mass within 

the accelerometer becomes a measure of acceleration. The interval of time between an 

earthquake and a local alert can be very small, from one minute to a few seconds, thus, 

potentially allowing the execution of security processes in time. 

4.5.3 Electrical resistivity tomography 

ERT (electrical resistivity tomography) methods are successful in differentiating between 

materials of different resistivity, permittivity and electrochemical activity. Resistivity 

surveying is suitable in detecting walls, cavities, layers and other localized structures of 

differing electrical, permittivity and electrochemical properties. It can be also used to examine 

the architectural integrity of the buildings, fault and void investigations, detection of cracks 

and discontinuities in walls, etc. 

4.5.4 Ground penetrating radar 

GPR (ground penetrating radar) can measure the time difference between the transmitted and 

reflected electromagnetic signals (~50-1000 MHz) to locate the position of different subsoil 

layers and any objects present. Knowing the velocity of propagation of the EM waves over 

specific soils it is possible to obtain a depth estimate to the suspected targets. Features of 

sharp discontinuities and dielectric contrasts, such as walls, cellars, cavities, tombs, and 

compacted earth can be quite easily resolved. It can be also used for examining the subsurface 

of the soil and also studying the structural integrity of monuments (e.g. the interior structure 

of monuments, crack monitoring, fracture detection, etc.). 

4.5.5 Photogrammetry (terrestrial – aerial) 

Photogrammetry (terrestrial – aerial) allows the “translation” of historical or modern 2D 

photographs in three-dimensional point clouds. It is a process based on homologous points 

matching between two (or more) images and on some geometric rules (on which is based also 

the human perception of depth and three dimensions). This makes affordable 3D data an 

important tool in archaeological research, providing the possibility to look at details beneath 

design or texture, or to create replicas (or replace damaged parts by printing artefacts). The 

added value of photogrammetry as a tool for damage assessment analysis is quite similar to 

that of laser scanning: both surveying methods provide a precise, digital and measurable copy 

of the object under investigation. 

4.5.6 Laser scanning 

Laser scanning is a surveying method that extracts distances and angles between the scanner 

and the object or the surface. To do so, it calculates the time needed by an emitted laser beam 

to touch and return to the source, given a predefined value of intensity and direction. Most 

recent scanners are capable of measuring (almost completely) the area around them up to 
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some hundred meters and generate a dense cloud of 3D points in a predefined unit measure. 

Repeated measurements collected at regular interval (or just before and after a disaster) with 

this method can be compared, and detected changes can be highlighted in a 3D reconstructed 

environment. 

4.5.7 IR thermal imaging 

IR thermal imaging refers to the mapping of the infrared electromagnetic radiation. All 

objects with a temperature above absolute zero emit an infrared radiation which is a function 

of the temperatures and the emissivity of the surfaces. Infrared (or IR) thermal cameras allow 

to measure such radiation in the long-infrared range of the electromagnetic spectrum (roughly 

9,000–14,000 nanometres or 9–14 µm) without the need for direct illumination over the 

object. The intensity of the infrared radiation recorded generates images of the distribution of 

temperatures on the surfaces. Since temperature is also strictly related with pressure and 

physical forces operating over specific surfaces, thermal cameras can also be employed to 

monitor the health of a built structure by providing images of surfaces not visible with naked-

eyes. 

4.5.8 Crack meters 

Crack meters are suitable for monitoring the movement across cracks. They can be classified 

in the following categories: electrical, 3-D and vibrating wire. Electrical crack meters, in 

particular, contain a movable slider that is connected to a resistance strip allowing to measure 

the voltage as the resistance strip moves along the edges of the crack. They are used for the 

investigation of slope stability of the ground, the stability of embankments, the monitoring of 

cracks and fissures, etc. 

4.5.9 X-ray diffraction 

XRD-XRF (X-ray diffraction) is a unique analysis method in determination of crystallinity of 

a compound. It is primarily used for the identification of crystalline material, distinguishing 

between amorphous and crystalline material and for the quantification of the percent 

crystallinity of a sample. The use of this technique will ascertain the grade of deterioration of 

the material of the monitored constructions, while the relevant output data can assist in the 

right choice of durable materials need to be used in restoration works. 

4.5.10 Crowdsensing mobile application 

In proximity of configurable areas, alerts the visitors/volunteers with a message bearing 

proper information about the hazards and risks that can affect the area and inviting her/him to 

contribute to safeguarding the site’s cultural heritage. Thus the mobile app tries to inform 

visitors/volunteers that would be engaged in mobile crowdsensing activities (operating as a 

“human sensors”) about how to properly detect subtle clues or early signs of hazards 

occurring, and offers streamlined steps to report descriptive information (photos, text, 

position) to the STORM platform. 

4.5.11 Collaboration and knowledge-sharing platform 

Aims at collecting and sharing data and information related to the threats, vulnerabilities and 

risks concerning natural disasters and climate change effects among different stakeholders 
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(e.g., engineers, architects, archaeologists, conservator-restorers, firefighters, public 

authorities, etc.) using a set of integrated functionalities for social collaboration such as blogs, 

wikis, events calendar, document library, etc. Through a collaborative decision making 

process, the stakeholders are also able to select or define the most suitable disaster 

management processes and response plans to be activated, involving different types of 

operational procedures and business rules. 



D3.1: Use case scenarios and requirements definition 
 

 

H2020 – DRS11 - 700191 89 

 

5 Roman Ruins of Tróia 

7.1 Description of the site 

The Roman Ruins of Tróia are located in the southwestern coast of Portugal on a sandy 

peninsula surrounded by the estuary of the Sado river and the Atlantic Ocean (Figure 31, 

Figure 32). In Roman times it may have been an island, probably the island of Achale referred 

in this area by the Latin writer Rufus Avienus in Ora Maritima (Castelo-Branco 1963). The 

Roman vestiges spread along 2 km. 

All the investigation and interpretation revealed that the Roman Ruins of Tróia were, in its 

time, a large centre for the production of salted fish and fish sauces built in the first half of the 

1st c. AD and active up to first half of the 5th c. The occupation continued at least until the 6
th

 

century (Pinto, Magalhães and Brum 2014).  

Large quantities of sand blown from southwest, where large sand banks were forming, 

covered the abandoned and partially collapsed Roman buildings, and the high walls modelled 

the high dunes visible today. That explains the preservation of the walls sometimes up to 4, 5 

or 6 m high. 

The first excavation was in the 18
th

 century, other took place in the mid 19
th

 century and the 

most continuous and regular works went from the late 1940s until the early 1970s, uncovering 

a number of buildings.  

To this day, 27 fish-salting workshops of various dimensions have been identified. The 

workshops of Tróia are compartments with vats around a courtyard. It was in these vats that 

fish was put with salt to prepare salted fish and fish sauces such as the garum and the hallec. 

A comparison of Tróia’s fish-salting installations to the ones of other sites of the kind in the 

Roman World shows that Tróia was by far the largest production centre known to this day 

(Pinto, Magalhães and Brum 2011). 

The largest workshop uncovered so far (workshop 1) (Figure 33) covers an area of 1106 m
2
 

and its excavated 19 vats had a production capacity of 465 m
3
 and would include, in the 1

st
 

and 2
nd

 c., two connected workshops and a storeroom, but other dependencies and its full 

extension are yet to be assessed. The smallest workshop (workshop 3) covers an area of only 

135 m
2
 and its nine vats had a production capacity of about 103 m

3 
(Étienne, Makaroun and 

Mayet 1994).  

  



 

 

 

Figure 31: Location of the Roman Ruins of Tróia in the Iberian Peninsula and Portugal and of the use cases (in orange).



D3.1: Use case scenarios and requirements definition 
 

 

H2020 – DRS11 - 700191 91 

 

 

Figure 32: Northwestern area of the Roman ruins on the right bank of the Peninsula of Tróia. 

 

Figure 33: Line of vats of workshop 1, the largest factory uncovered in Tróia so far. 

If these and a few other workshops were uncovered by excavations and some were subject to 

conservation works, a considerable number of others are located on the shoreline of the Sado 

river estuary and were exposed by the tide and river currents and suffer from coastal erosion. 
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Two of the most remarkable buildings along the shoreline are the fish-salting workshops 21 

and 23, the first one for its preservation and the second one for its size.  

Workshop 21 (Figure 34, Figure 35, Figure 36) was c. 19.5 m long, but its width (or length) is 

not known since at least half of the building has been destroyed by the tides. Yet it is the only 

workshop that preserves walls up to their top, with the cavities for inserting the roof beams (if 

not the beams of a second floor), and a complete window. Apparently this workshop has been 

divided in two smaller ones, 21A and 21B, and only 21A preserves high walls, suggesting 

these are of a second phase, possibly in the 3
rd

 century, moment when workshops 1 and 2 

were segmented. The corner of this workshop was chosen to be a case study in this project. 

Workshop 23 (Figure 37, Figure 38, Figure 39) was a large building with c. 25m by 36m, 

covering an area of c. 900 m
2
, with an opened courtyard with a well. Its south corner has been 

completely destroyed by the tide currents and its northern part is still hidden under high 

dunes. Only 10 vats are visible and more than half have been destroyed or are still hidden in 

the sand. The well of this workshop (Figure 38) was chosen to be a use case in this project. 

Some of the fish-salting workshops had wells in their courtyards or nearby, indicating that in 

the absence of watercourses, fresh water had to be drawn from the phreatic level. The most 

remarkable hydraulic construction is the remains of a rota aquaria (water wheel): a cistern on 

top of a vaulted building next to a rectangular well. A wooden wheel fixed to the cistern wall 

was stepped by a man to take the water from the well up to the cistern. 

 

Figure 34: Fish-salting workshop 21 (Tróia). 
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Figure 35: Schematic plan of Workshop 21 with the indication of the Use Case RRT-03. 

 

  

Figure 36: Aspects of the southwest and southeast wall with window. 
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Figure 37: Fish-salting workshop 23 (aerial view) (Tróia). 

 

Figure 38: Schematic plan of Workshop 23 with indication of the well (Use Case RRT–01). 
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Figure 39: Aspects of the well of Workshop 23 (Use Case RRT-01). 

A bath complex was uncovered near the large fish-salting workshop 1 and covers an area of 

about 450 m
2
. It was supplied from a well nearby whose water was channelled to a cistern by 

a small aqueduct and then distributed to the different pools by lead pipes (Figure 40). 

 

Figure 40: Roman Baths (Tróia). 

These baths have the typical spaces of Roman bath complexes: a heated area (caldarium) with 

an underground heating system (hypocaust) and small pools for steam and hot water bathing; 

a mid- temperature room of transition (tepidarium); a cold temperature area (frigidarium) 

with two small pools for bathing; a dressing-room (apodyterium) and a room next to the 

entrance room for exercising and socializing (palaestra). 
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In the 18
th

 and 19
th

 c., a residential area with lined buildings was uncovered. It has been 

known to this day as Princess’ street (Rua da Princesa) (Figure 41) due to the excavation that 

Princess Maria Francisca, later Queen D. Maria I, ordered in this area. 

According to the most recent interpretation, these constructions belonged to a large house 

with a ground floor and a first floor. When it was excavated by Sociedade Arqueológica 

Lusitana, in the 19
th

 century, the first floor debris included fragments of mosaic pavements 

and wall paintings (Castelo-Branco 1963).  

 

Figure 41: Rua da Princesa (Tróia). 

There were at least four cemeteries and a mausoleum in Roman Tróia: the Caldeira cemetery, 

excavated in the 1940s and 1950s, dating from the 1
st
 to the 5

th
 c. AD; the basilica cemetery 

dating to the 4
th

-5
th

 c.; the mensa tombs cemetery, southwest of the basilica; and the 

mausoleum necropolis (Figure 42) behind that building and probably from the 4
th

 and 5
th

 c. 

AD. 

The mausoleum was built next to a fish-salting workshop, over an amphora storehouse from 

the first production phase, in the 1
st
 and 2

nd
 c., and it is believed to have been built in the early 

3
rd

 c. (Étienne, Makaroun and Mayet 1994). 

It is a rectangular building with walls made of stone rows and brick rows and it has buttresses 

holding the lateral walls. Inside the walls have niches where urns would have been placed 

with the ashes of the deceased, according to the traditional Roman practice of cremation. Yet 

in this funerary building cremation was side by side with inhumation since on the ground 

tombs were built for burying corpses in graves (Figure 43). Some large elaborated sepulchral 

arches made of brick with mortar covers stand out. 
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Figure 42: Mausoleum cemetery (Tróia). 

 

Figure 43: Interior of the Mausoleum (Tróia). 

The great diversity of tombs in which people buried their dead reflects the continuous 

occupation of the site for several centuries and the intense interchange with the exterior that 

led to the gradual adoption of new customs that were propagated along the Empire. 
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Cremation was the practice in the 1
st
 and 2

nd
 c. and along with common brick and stone 

tombs, there are cupae, funerary monuments shaped as wine barrels, following an Italian 

tradition. In the following centuries the inhabitants of Tróia ceased to cremate and followed 

the new practice of inhumation in a variety of tombs. The most unusual are the mensae, tombs 

that reproduce the table for the funerary banquet, either rectangular or semi-circular, 

recreating the mensa lunata (half-moon table) and the stibadium, the couch around it. These 

last tombs, known as sigma mensa tombs, are common in Roman Africa, rare in the Iberian 

Peninsula and the ones from Tróia are the only ones in Portugal.  

One of the best preserved buildings of the archaeological site of Tróia is the so-called “early 

Christian basilica” (Figure 44, Figure 45), a building 21m long and 11m wide, built in the late 

4
th

 or early 5
th

 c. The basilica was built over an abandoned fish-salting workshop that had 

been turned into a cemetery. It was a large building with three arcades dividing the space in 

four transversal naves. Its high walls are profusely painted “a fresco” with geometric and 

vegetal motifs as well as marbled. A disappeared chrism, Christian symbol that appeared in 

the Constantine period, was registered on the top of a wall identifying this building as 

Christian. A cantharus painted in a pillar is another theme much used by the oldest Christian 

communities. 

Next to the basilica are the remains of a house with large compartments, one of them with 

wall paintings from the 2
nd

 or 3
rd

 century AD. These compartments were also turned into a 

cemetery, most probably in the 4
th

 century, composed of rectangular mensa tombs. 

 

Figure 44: Painted walls of the Basilica (Tróia) (Use Case RRT-02). 
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Figure 45: Plan of the Basilica nucleus (PINTO, I. V.; MAGALHÃES, A. P.; BRUM, P. (2016) 

with indication of the Northeast wall (RRT-02). 

A cluster of buildings in the shoreline is known as the “Roman Harbour” for having large 

thick walls parallel to the waterline with round corners looking as breakwaters. Since they are 

far from the waterline in the low tide and would be even further away in Roman times when 

the sea level was lower, they were probably breakwaters for very high tides threatening the 

buildings behind them. One of these buildings has compartments with very large doors and 

would be shops of a market or storerooms.  

Large areas of high dunes remain unexcavated and seem to hide Roman remains yet to be 

discovered.  

5.1 Hazards and impacts 

Tróia is affected by a number of natural and anthropogenic hazards and threats, with special 

relevance for the natural ones, with great impact on the archaeological structures, as listed in 

the site’s Questionnaire (v. 11.4). Following the evaluation of the hazards in the 

questionnaire, the “relevant” to “highly relevant” natural and anthropogenic hazards will be 

described in this section, starting from the most relevant.  

Regarding the natural hazards, those considered highly relevant are tide currents and sea 

waves, sea-level rise, coastal erosion, saline spray, earthquakes and tsunamis.  

Tidal and river currents and sea waves are the most prominent hazard, for which this pilot 

site can be considered an important case study relating to many other endangered sites. In 
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fact, the flooding caused by the tidal movement is intrinsic to the location of the 

archaeological site next to Sado river. 

In the estuary area around the archaeological site, the field of tide currents is very strong due 

to the proximity of the south canal of the estuary, where the low tide currents may reach a 

velocity of 1m/s. On the other hand, the predominant winds of the north quadrant, in 

conjunction with the large area of generation, c. 2 km of the estuary, promote an undulation of 

local generation, of low amplitude but high frequency (Silveira et al. 2014, p. 262). 

There are many Roman structures on the shoreline which are daily overcome by the marine 

tides. Built very close to the shoreline to facilitate the transportation of fish, salt and 

amphorae, this archaeological site is nowadays threatened by marine erosion, due to the rise 

of the sea level and the nature of the sediment, sand, that is easily and periodically removed 

by the tidal movement. Many of its fish-salting workshops are presently reached by the tides 

and suffer a process of disaggregation (Figure 46). Mean sea level rise as a result of climate 

change, although acting on long time scales, will exacerbate this problem. 

The tide currents in conjunction with the low but frequent undulation are a prolonged hazard 

that can deeply affect the archaeological structures. It causes the moistening and drying of 

construction elements (especially mortars and soft stones) twice a day, the accumulation of 

moisture causing the softening of building materials and the erosion of archaeological objects. 

This continuous process will ultimately cause the fracture and collapse of archaeological 

structures, aggravated by the removal of sand under those structures already fragile. The tide 

currents and sea waves may also expose structures that were buried in the sand and remove 

archaeological contexts, or cause the falling of trees on structures or of trees rooted on 

structures, causing their partial destruction. 

Sea-level rise, a consequence of climate change, is estimated in the shoreline of Sado river’s 

estuary to 0.5 m since Roman times, that is, in the last 1500 to 2000 years, according to 

geologists of the University of Lisbon. This hydro-meteorological hazard aggravates the 

effect of the tide currents and sea waves and their impact by increasing the reach of the high 

tides.  

Coastal erosion is a consequence of sea-level rise and tide currents and sea waves, and its 

most evident impact is the removal of sand from the shoreline of the river estuary, leaving the 

once buried foundations of buildings at sight and at the reach of the tides. This hazard also 

aggravates the impact of the tide and river currents on the Roman structures. 
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Figure 46: Impact of the high tide on the Roman structures in the shoreline (Workshop 23). 

Saline spray is also tightly connected with the tidal and river currents and sea waves, as it is 

this movement that allows this spray to affect the Roman vestiges. One of the ways it can 

affect the archaeological site is by the deterioration of materials, including stone, mortars and 

stuccoes. 

Considering seismicity, related to both earthquakes and tsunamis, the general risk in 

continental Portugal is high, with a concentration of events in the south of the country, where 

the present site is located. The intensity considered for this region is of IX, according to 

Instituto Português do Mar e da Atmosfera (IPMA) (Figure 47).  

 

Figure 47: Seismicity intensity in continental Portugal - Modified Mercalli Scale (1956). 
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On top of this, being Tróia a relatively flat terrain, in the event of an earthquake, the tsunami 

that could follow, would significantly affect this area. A strong earthquake took place in the 

Portuguese coast in 1755 and was followed by a violent tsunami. There is no record of the 

damages that occurred in the Roman Ruins of Tróia due to this seismic event. As these 

structures were still covered and protected by sand dunes and the area had no inhabitants, one 

could assume that no consequences were induced to the ruins. Yet, with the now exposed 

vestiges, some of them up to 5m high, a new occurrence of such a catastrophic event would 

most probably originate fractures in structures and originate the complete collapse of 

buildings. 

Other very relevant natural hazards are air humidity, solar radiation and biological 

colonization, this last one including vegetation infestation and pests. 

Air humidity and rising damp are very relevant as they may cause moistening and salt 

transport affecting the construction elements and wall paintings. Air humidity favours another 

relevant hazard, which will be mentioned further ahead, the biological colonization.  

Solar radiation may affect wall paintings that are exposed, causing its discolouration. There 

is only one wall painting in the bath complex that is exposed, and already much fainted, but 

there was another one mentioned in the reports of the 1970s, near the structure of a water 

wheel (Rota Aquaria) that has disappeared. 

Biological colonization (Figure 48) may cause the deterioration of the stucco layers and 

especially painted stucco, and in a lesser degree the deterioration of construction elements. It 

is a serious threat to the wall paintings of the Basilica.  
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Figure 48: Example of biological colonization in the Basilica 

Vegetation may be a threat to the Roman structures, especially the roots, causing the rupture 

of buried structures as well as the destruction of excavated and exposed structures, such as 

walls, pavements and mortars. Plants may also cause damage in case of falling down directly 

on top of structures, which almost happened in the case of Figure 49. 

Pests are present as insects, rodents, birds and other animals. Rodents are present as in the 

buildings close to the Roman ruins there are vestiges of their bites in card boxes and in some 

cases their waste. Snakes are also commonly found, sometimes falling into the Roman vats 

(Figure 50). Adding to this lizard is frequently seen amongst the structured walls destroying 

their interior mortars. There are cases of nests inside Roman structures, such as inside some of 

the walls of the Basilica. In terms of insects flies, mosquitoes and wasps are worthy of 

mention, especially in the summer period. Considering that generally “The threat from animal 

and insect pests is similar to that from fire and flood” (Ashley-Smith 1999), these are 

particularly harmful, because they can provoke the deterioration of painted stucco and 

construction elements and, as shown, they can create holes inside walls and pavements to 

lodge their nests. The most harmful pests in Tróia are perhaps ants and wasps that make nests 

inside walls and pavements that use clay materials, and these nests create large and invisible 

holes that affect the integrity of these structures. 
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Figure 49: Agave that fell down towards a Roman wall in 2013. 

 

Figure 50: Snake in the bottom of a vat in workshop 4. 

Furthermore, other relevant natural hazards are wind, precipitation, local storms, rising damp 

and landslides. 

The dominant winds are from the north quadrant (Silveira et al. 2014, p. 262), mostly north 

and northwest, but southwest winds can also be fairly frequent, as presented in Figure 51.  
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Figure 51: Dominant winds in Tróia, according to Neto, C. (2000).  

Wind causes the acceleration of moisture evaporation leading to deterioration and erosion of 

construction materials. 
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Figure 52: Accumulation of pluvial waters and infiltrations in the Basilica 

Intense rainfall affects especially uncovered archaeological areas and can weaken the 

building materials, by the accumulation of moisture that softens these materials. Rain has 

definitely an erosive effect on Roman walls, pavements and other structures. That is very 

clear when the revetment of vats in the open air is compared to those that are covered, such as 

observed in workshops 2, during the excavation, and workshop 5, partially covered. Rain acts 

in a very impactful way through infiltrations that can ultimately lead to the fracture of 

structures and the erosion of pavements and top of walls. Precipitation is especially erosive on 

Roman mortar pavements (Figure 52).  

Strong winds combined with intense rainfall may cause local storms. This extreme situation 

may have a serious impact in the archaeological vestiges, both directly in the falling of 

archaeological elements and in the flooding of rooms and vats and the lifting of protective 

roofs and sheds. 

Landslides are caused by the instability of dune slopes affected by tide currents that remove 

sediment on their base and are especially threating in the shoreline area. Some high walls, 

such as the ones of Workshop 21, are supporting huge dunes and, in the event of a significant 

slide of sand, may be damaged by this mass movement. In some cases the unstable slopes and 

dune pressure were provoked by excavations and must be considered as anthropogenic 

hazards. 

Temperature, in general, can be considered to be of low relevance for the two-year period 

considered below. The lowest temperature, in the last two years, did not reach below 1.7 ºC 

(in January 2015) never forming ice or snow. On the other hand, the highest temperature 

registered in the same period was in June 2015, when the weather station located in Tróia 

recorded 38.1ºC. The oscillation in temperature throughout the whole year is not very 

significant as the lowest average was 11.2 ºC in both January and February 2015 and the 

highest average was 23.4 ºC in August 2016. However, as a result of climate change these 
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values may change. Changes in means and extremes due to climate change will be evaluated 

in a next step of the project. 

Even though natural hazards and threats are more impactful, some anthropogenic hazards 

are also significant: 

Dam levee failures upstream are also considered a very relevant hazard, especially as it may 

have a large impact on the Roman vestiges. According to the Management Plan of the 

Hydrographic Region (PGRH 2016), there are significant changes to the water masses due to 

the no less than 17 dams located in the Sado river (Pisão, Paço, Penedrão Venda Nova, 

Tourega, Pego do Altar, Vale da Arca 2, Herdade de Vale da Lameira, S. Brissos 1, 

Rasquinha, Alvito, Trigo de Morais – Vale do Gaio, Odivelas, Roxo, Daroeira, Fonte Serne, 

Campilhas and Monte da Rocha). In the event of one or multiple of these dams failing, they 

can cause a catastrophic river current, which will be an extreme event destroying both 

archaeological contexts and structures. 

Vandalism is a very relevant hazard in the Roman Ruins of Tróia. Although most people 

enjoy the site and are very respectful of its importance, whenever there are people there is 

always the risk of disruptive behaviour.  

Every year on a moveable date in August, the Feast of Nossa Senhor do Rosário de Tróia 

takes place in the surroundings of the Roman site, gathering as many as 3000 people in this 

area. As such, without proper information, some do not even notice they are amongst 

archaeological evidence. Furthermore, part of the ruins is simply spread along the shoreline, 

as previously mentioned, and there is no fence or protection blocking the access to this part of 

the site. 

The impact of this hazard has more to do with vandalism or intentional destruction, such as 

the destruction of structures, removal of architectonic elements or archaeological objects and 

graffiti, either painted or scratched, in the structures, which have already occurred in the 

painted walls of the Basilica. 

Arson and bonfires are impactful events marking the archaeological structures, as it has 

already happened in the Basilica. The impact is not only visual and aesthetic, but harmful for 

the structures, in particular to the mortars that integrate the construction materials. Stone is 

not as prone to damage by fire. 

On the other hand, the theft of protective elements such as cloth, wooden elements or 

covering tiles do not have outcomes as serious as the ones previously mentioned. 

Increase in recognition/prominence is another potential hazard since the Roman Ruins of 

Tróia are in the Portuguese Tentative List of World Heritage since 2016. Since 2011 the site 

has been partially opened to the public and the last few years the site has had 10.000 to 11.000 

visitors per year (Figure 53), either in groups (schools, tours), events or family or individual 

visits. If the enhancement of the site is further developed and a classification is attained, its 

increased prominence may attract tourist pressure and ill intended attention, increasing other 

hazards such as vandalism, looting and theft 

Other anthropogenic hazards are not relevant, such as urban/traffic pollution or industrial 

pollution. 

The closest city, Setúbal, with 117.973 residents, just a few kilometres away, is separated 

from the site by the Sado river which is about 3 km wide. However administratively the site is 
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located in the municipality of Grândola, a city located 40 km away, with a population of 

14.772. There are currently very few permanent residents at Tróia. 

Air pollution is not at all relevant as the surrounding vegetation allows a reduction of air 

pollution levels and the circulation in the access to the Roman Ruins of Tróia is not 

significant. The paved municipal route Tróia-Comporta is located at a distance of 2.7 km from 

the entrance. In the surroundings of the site the circulation of people and transport is low 

since it is an environmental protected area of Natura 2000 network, with regulations 

concerning environmental issues and restricted access. Furthermore, there is no equipment in 

the Roman ruins that could affect or produce the emission of pollutants. 

However, there are industries located in the hydrographic basin of the Sado, across the river 

from Tróia, such as cement (Secil) and paper (Navigator Company) factories. In fact, 28 

establishments are covered by the major-accident prevention policy, according to the PGRH 

2016, and industrial spills are possible but the probability of affecting the archaeological site 

is very low. In October 2016, a spill of combustible oil from Navigator Company was 

reported but no environmental, personal or material damage was registered. 

 

Figure 53: Visitors in the International Day for Monuments and Sites 2011 

Aside from the natural and anthropogenic hazards just mentioned, there are vulnerability 

factors that may affect the site such as lack of/ inappropriate maintenance and improper past 

intervention and restoration.  

The lack of/ inappropriate maintenance has already proved to be threatening to the Roman 

structures. The lack of consolidation of many archaeological structures in the 1990s caused 

the loss of construction elements or the partial collapse of structures. The lack of vegetation 

control in the same period favoured its growing, and especially of the Retama Monosperma, a 
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bush with long roots that proliferates in the area after being planted in the early 1990s to hold 

the dunes in place.  

A good example of such a critical situation was the well in the courtyard of workshop 1 

(Figure 54). The southeast wall of the staircase was pressured by a high dune of sand that 

caused horizontal dislocations and vertical injuries, structural deformations and collapsed 

areas threatening the integrity of the whole wall.  

The impact of this vulnerability is particularly connected to the erosion it causes on clays, 

mortars, stone, pavements as well as causing non-functional protective roofs and sheds to fall 

off, which may in term cause damage to archaeological elements. 

Improper past intervention and restoration is another vulnerability factor of the site since 

past excavations left unstable slopes and Roman walls holding high dunes such as in the 

residential quarter of Rua da Princesa (Figure 57, Figure 58). An excavation diary of the 18
th

 

c. mentions that in this same area several walls fell during the excavation works. It also refers 

the discovery of a first floor with mosaic pavements and wall paintings that do not exist 

anymore (Castelo-Branco 1963) showing the effect of an improper intervention. The 

restoration of many archaeological structures, in the 1950s and 1970s with mortars with 

Portland type cement also generated pathologies that present conservation works attempt to 

solve since cement is so compact and hard that sometimes it causes the disaggregation of the 

restored parts and damages the original constructions.  

 

Figure 54: Dune pressure and uncontrolled vegetation in the well of workshop 1 in 2007. 

The relative isolation of the site in a peninsula surrounded by water definitely makes the 

anthropogenic hazards less relevant but increases the exposure to the natural ones. 
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5.2 Current practices 

The Roman Ruins of Tróia have been a National Monument since 1910 but they are located in 

private property, today in a touristic resort belonging to Troiaresort, Investimentos Turísticos, 

S.A. Following a protocol celebrated in 2005 with the Portuguese heritage institutes (today 

fused in the Direcção-Geral do Património Cultural), Troiaresort is responsible for the 

maintenance, conservation and valorisation of this archaeological site and is the entity 

promoting and financing this project.  

Current practices will be described in what concerns regular tasks of maintenance, 

conservation and restoration works, protection of structures and external technical monitoring. 

5.2.1 Maintenance 

Since 2006, the archaeological site of Tróia has been shifting from a site with no regular 

management to a site with regular maintenance. The process is not totally completed since the 

Roman vestiges spread along 2 km and, if the nuclear area (fish-salting workshops 1-5, a 

mausoleum, a cemetery, a residential quarter, a bath complex and the basilica) visited by the 

public is regularly maintained, other more distant areas, and especially those today located on 

the shoreline, get a much more episodic attention.  

Security surveillance, for instance, mainly concerns this nuclear area. A private security 

company performs rounds twice a day throughout the site and reports any detected anomalies 

to the head of security, which in its turn reports them to the person in charge of the Roman 

ruins. For example, in November 2016, a hole was detected in the fence or, in December 

2016, the lock at the entrance of the dirt road leading to the site was reported missing. Less 

regularly, there are rounds in the shoreline. 

The maintenance of green spaces is in charge of a private company that performs tasks in the 

site but especially in the area opened to visitors and in its surroundings. Their tasks include 

cleaning the paths and emptying the garbage cans once a week and weeding, mowing and 

shrub pruning once a month. In the case of the Roman walls and pavements it is preferable to 

apply a biocide than to clean them from vegetation, because it is less aggressive than manual 

weeding. As the application of biocides becomes more and more restricted, the tendency is to 

do it less than a few years ago, and in 2016 biocide was not applied more than two times. 

In the shoreline, rubbish deposited by the tides accumulates on the Roman ruins and the 

practice is to collect it three or four times a year. Coastal erosion often causes trees to fall 

from the hedge of the sand dunes towards the beach that need to be removed. Some are cut in 

a preventive way, as was the case in workshop 23 (RRT-01), in 2016. But there is no planned 

or scheduled verification of the area. 

Pest control in the nuclear area of the site, and in particular in the reception and storerooms, is 

also managed by a specialized company. There are traps for rats, cockroaches and wasps. 

5.2.2 Conservation and restoration works 

Visual inspection has been the monitoring of the state of preservation of the Roman structures 

at the site. There is an empirical inspection by the resident team of archaeologists and a more 

careful inspection by a conservator, usually from NCRS, a partner in this project, once or 

twice a year.  
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It is NCRS that has been responsible for the conservation and restoration works concerning 

the archaeological structures in general since 2010. The conservation campaigns have been 

directed to solve specific pathologies detected in different structures, mainly regarding the 

integrity of walls, pavements and other structures, and a preventive maintenance program is 

not yet the strategy, but it is the goal in the near future. The conservation campaigns usually 

happen once a year. 

The conservation of the wall paintings of the basilica is being done by a company specialized 

in wall painting, Mural da História – Restauro de Pintura Mural, Lda., that has been in 

charge, doing annual campaigns, since 2011. 

5.2.3 Protection of structures 

Some archaeological structures have needed special strategies of protection to maintain their 

integrity that are not considered conservation and restoration.  

The Basilica has been covered by a “temporary” shed since the 1970s that protects the wall 

paintings from direct solar radiation and from rainfall. This covering was subject to a major 

repair in 2010 and occasional small repairs since then.  

Yet this covering structure only protects the walls, leaving the inner part of the compartments 

in the open air. To protect these open air areas, and prevent the accumulation of rain water as 

illustrated in Figure 52, the pavements and tombs have been protected with anti-vegetation 

geotextile (Figure 55), then a layer of sand, then a damp-proof plastic membrane, then another 

layer of sand and finally gravel (Figure 56) to keep the sand in place and avoid it to be wind-

blown. The pavements and tombs inside the Basilica were protected just with plain geotextile 

and a layer of sand.  

After this protection was implemented in 2010, there was no more visible accumulation of 

rainwater on the pavements of the basilica and it is assumed that the geotextile and the plastic 

membrane are protecting the pavements and tombs from erosion.  
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Figure 55: Protection of pavement with anti-vegetation geotextile (Basilica area, Tróia). 

An archaeological sounding made in the inside of the basilica was also protected with 

geotextile and back filled with sand, but under the sand a good quantity of leca (expanded 

clay) was deposited in order to avoid the accumulation of humidity on the structures. 

 

Figure 56: Protection of pavement with gravel over sand (Basilica area, Tróia). 
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A wall in Rua da Princesa has been holding a very high dune since the excavations in the 19
th

 

century and was heavily deformed by that weight. In 2002 a wooden structure was built to 

hold that wall (Figure 57), but in 2010 it was necessary to reinforce this structure, that was no 

longer tight. In 2014, NCRS detected new fractures in those walls and a conservation 

campaign took place. As these structures were not stable, in 2015 a sand refill in the area of 

the wooden shoring was done trying to reconstitute the dune profile. It partially reburied the 

wall and its wooden support (Figure 58). 

In 2006-2007, major construction works in Tróia created the opportunity of using spare sand 

for a beach nourishment on the shoreline of the archaeological site to protect fish-salting 

workshops 3, 5, 6, 7, 8, 9 and 10 (Silveira et al. 2014). The beach nourishment project was 

conceived by IMAR and implemented under its supervision (fig. 60). It has been effective for 

the past 10 years, but the sand has been slowly taken away by the tide currents, so it will not 

be a long-term protection as initially expected. 

The well of fish-salting workshop 1 was on the eastern limit of the excavated area after the 

excavation campaigns in the 1950s, and it remained under the pressure of the dune to the east 

(Figure 54) and in 2008 the wall of the staircase of the well started losing elements. It was 

necessary to excavate the area to the east and, following a project of an engineer, a trench was 

opened next to the well wall and a gabion wall was installed (Figure 60). 

The protection with sand is definitely a current practice in Tróia. 

The cemetery of the mensa tombs has c. 25 tombs with mortar coverings in opus signum (a 

mortar with crushed ceramics) that have been exposed since its excavation in 1974-1975. The 

exposure to the natural elements provoked a deterioration of the mortars and in 2010 the 

tombs were covered with a thick layer of sand. 

 

Figure 57: Deformed wall by a wooden shoring structure from 2002 (Rua da Princesa, Tróia) 
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Figure 58: Sand filling to protect the wall of Rua da Princesa (Tróia). 

 

Figure 59: Beach nourishment to protect Roman structures in 2007 (Tróia). 
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Figure 60: Gabion wall to protect the well of Workshop 1 in 2010 (Tróia). 

 

Figure 61: Protection of the opus signinum pavement of the cistern (Baths, Tróia). 
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Figure 62: Protection of pavement with mosaic with sand over transpiring geotextile (Baths, 

Tróia). 

On the same line, to prevent the erosive effect of the rain, the vats of Workshops 1, 2 and 4 

were protected with a layer of sand on the bottom. 

The floor of the cistern of the Baths was covered with a layer of sand over anti-vegetation 

textile (Figure 61) and the floor with mosaic also from the Baths was covered with a layer of 

sand over a transpiration geotextile (damp-proof but letting oxygen go through) (Figure 62). 

5.2.4 Technical conditions and monitoring 

At the Roman Ruins of Tróia, including the areas to be monitored, there is currently no 

electricity, water infrastructures, gas or internet. There is, on the other hand, cellular data 

coverage with an excellent signal strength. 

In terms of environmental monitoring systems, a weather station is installed in the golf 

course of Tróia, c. 1 km from the site. It is a Campbell Scientific Ltd. and it has provided 

readings for the last 10 years. It monitors the following parameters: 

 Wind speed and direction at 2.5 m above ground – model 05103-5; 

 Precipitation – model 52202/52203; 

 Barometric pressure – model PTB101B; 

 Solar radiation – model SP1110; 

 Temperature and humidity sensor – model CS215; 

 Soil moisture sensor – model CS615. 
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Figure 63: Weather Station at TROIA GOLF Championship Course. 

 

Figure 64: Location of Weather Station at TROIA GOLF Championship Course. 
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Monitoring of phreatic levels is currently done by IMAR to Infratróia, the company that 

manages the infrastructures of Tróia, including the water management. 

A tide gauge located in the Marina of Tróia records the height of the tides. The data is 

collected by Instituto Hidrográfico – Marinha, Portugal. 

The seismic activity of the region is given by the seismic monitoring system located in 

Setúbal, named PSETU, which is 7km away from the archaeological site. It is managed by 

IPMA (Instituto Português do Mar e da Atmosfera) and the monitoring is done 24 hours a 

day, seven days a week. In case of an event the data is transmitted almost in real time to the 

Centro Operacional de Sismologia in Lisbon, where it is analysed and in case it is significant, 

an alert is sent to the Civil Protection (ANPC) in less than 3 minutes. 

There is an alert system for tsunamis already implemented for the city of Setúbal, which is 

just across the archaeological site, which should also be considered relevant for Tróia. 

Besides the general recommendations by ANPC (Autoridade Nacional para a Protecção 

Civil), there is no emergency plan specifically related to earthquakes or tsunamis in this area. 

There is, though, a Special Intervention Plan for Tróia (PEIPT), integrated in the general plan 

for the region as stated in D2.1 - Policies and procedures for the protection of cultural 

heritage against natural disasters and climate changes. This plan has been approved but not 

implemented. 

In conclusion, in terms of current practices there is no risk assessment plan for the Roman 

Ruins of Tróia and, as mentioned in D2.1 - Policies and procedures for the protection of 

cultural heritage against natural disasters and climate changes, there are no procedures in 

case of natural or anthropogenic hazards either for the Roman Ruins of Tróia or in general for 

any other site in Portugal. 

5.2.5 Procedures in case of disaster 

Only in case of fire, is there an emergency plan with the aim of the safety of the visitors, with 

the appropriate procedures to evacuate the area and the minimum means (fire extinguishers) 

to extinguish a small fire. The person responsible for the site must call the security and 

coordinate the evacuation of the site. 

Following a storm, the resident archaeology team makes a tour along the site, checking for 

any occurrences. In case of collapse of a structure, the director of the team calls the 

conservation team normally hired for the conservation works. 

In case of human intrusion or vandalism, the security service is called and they take the 

decision on whether to call the police or not. 

There are no emergency plans or procedures in case of floods, earthquakes, tsunamis, 

landslides or industrial spills. 



 

 

5.3 Use case scenarios 

5.3.1 Use case RRT-01: “Workshop 23: well”  

Name Workshop 23: well 

Storyboard 

In a winter day, a combination of high tide with a storm with heavy rain and very strong wind causes a stronger tide currents 

and sea waves that rise above the usual level and reaches Roman structures in the shoreline with violence, and in particular the 

well that stands in the courtyard of Workshop 23, causing the collapse of stone elements from the wall. 

Identifier RRT-01 

Description 

What 

The well is a circular structure with an inner diameter of c. 1,43m and its wall has an average width of 52cm, meaning the 

maximum diameter of the well is 2.24m. The visible height of the well is 1.65m including the visible part of the foundation, 

10cm wider than the upper wall and with a visible height of 32cm.  

The well is a structure of local stone masonry bonded with air lime-based mortar. The foundation is mainly composed of stone 

blocks (ex.: 40cm x 15cm) wider than tall while the upper wall is made of large blocks of stone (sandstone, limestone and 

Arrábida breccia) and bricks of regional clays, either whole or broken. 

The exterior face of the wall appears to be much eroded and half of the circle, the one closest to the riverside (at NE), is 

missing. Several blocks of limestone have fallen into the interior of the well. 

Detected deterioration patterns: Disintegration: delamination; sugaring; sanding – Fragmentation – Fracture – Erosion: loss of 

component; loss of matrix – Missing part – Moist area – Biological colonization: alga; moss; plant. 

Where The well of Workshop 23 is located in the shoreline of the Sado river’s estuary (Figure 37, Figure 38, Figure 39)  

Why 

The affecting hazards that are exemplified by this case scenario are: 

1. The tides may: 

2. Cause flooding, especially in the case of higher tides and/or when concurring with storms/heavy raining. 
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3. Cause coastal erosion by the slow removal of sand, which progressively uncovers the structure and loosens the sediment 

in which it is involved.  

These create wetting and drying cycles in the well’s lower areas that weaken the lime mortar holding together the stone 

elements. 

4. Saline spray also affects the stone surface and the mortars interfering with the integrity of the structures. 

5. Strong waive splashing. 

6. Unwanted human activity (e.g., vandalism) is also prone to occur, as location is outside the fenced area 

Scope 

Real time assessment implying the installation of sensors in the monument itself presents the following difficulties:  

 exposure to tidal action reaching the structure in a regular basis  

 exposure to human intrusion, as location is outside the fenced area 

Monitoring through photogrammetry is possible and advisable but it will not be a real time assessment. 

The tide movement and level can be consulted online through http://www.hidrografico.pt/previsao-mares.php). 

Goal 

Effective prevention would imply the building of a physical barrier preventing the tidal currents to reach the Roman structures. 

This would be very costly and might have an impact on the hydrodynamics of the Sado estuary, therefore it is very unlikely to 

happen.  

Mitigation is possible through a conservation intervention to reinforce the structure by the pointing of joints and the structural 

reinforcement of the foundations of the well. 

Furthermore, if sensors are placed they should monitor the sea level and alarm in case of an extreme event, where a threatening 

consequence, such as total destruction or partial collapse can occur.  

Initial Requirements Req_ID Relevance
4
 Owner Description 

                                                 
4
 M = Mandatory; D = Desirable; O = Optional 

http://www.hidrografico.pt/previsao-mares.php
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REQ-RRT-

MON-01 
M TEIP 

Weather conditions MUST be continuously monitored in order to detect local 

phenomena, e.g., storm patter, lightning thunder, sea wave splashing, etc. . 

REQ-RRT-

MON-02 
M TEIP Abnormal and unwanted activity (e.g., vandalism) in the site areas MUST be monitored  

REQ-RRT-

MON-03 
M ENG 

Crowdsourcing mobile applications MUST be provided in order to improve 

engagement of the involved stakeholders (e.g., visitors/volunteers and CH operators) 

about how to properly detect subtle clues or early signs of hazards occurring, and offers 

streamlined steps to report descriptive risk information (photos, text, position 

REQ-RRT-

MON-04 
M TRO 

Photogrammetry MUST be used as monitoring for the damage caused by the natural 

and anthropogenic hazards. 

REQ-RRT-

MAN-01 
M ENG 

Collaboration and knowledge-sharing platform MUST be provided for natural disasters 

and climate change effects data collection and information sharing among different 

stakeholders (e.g., engineers, architects, archaeologists, conservator-restorers, 

firefighters, etc.) and for supporting a collaborative decision making process along with 

them.  

REQ-RRT-

MAN-02 
M SMPC 

Predefined policies MUST be recommended by the Decision Support Services in order 

to propose the action to be taken. 

REQ-RRT-

MAN-03 
M ZAMG 

Strategies as a set of proposed actions and guidelines for managing, preventing and 

mitigating the different risks encountered MUST be developed 

Assumptions 

Technical A weather station is already available on site. 

Organisational 
A photogrammetry monitoring has been done (data was recorded in the beginning of the project, June 2016, and will be 

collected again in 2018). 
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Post Conditions 

a) Comparison of records will allow to access the rate of damage of this shoreline located structure and can detect the most 

fragile spots of the structure so reinforcement by conservation works can be more effective. 

b) According to these results, actions can be planned. 

c) Virtual conservation by photogrammetry will permit the record of the whole monument and allow the future restoration or 

virtual reconstitution of the monument. 

Technical dependencies 

 Site sensors 

 Data analysis platform  

 Photogrammetry equipment  

 Mobile application 

Human actors 

 RRT Site Manager 

 Conservator-restorers 

 Archaeologists  

 Civil protection technicians (in case of an extreme event, they should be called upon to restore the minimum safety 

conditions in the area for intervention) 

Exceptions Damage of the equipment/sensors placed on site. 

Use case RRT-02: “Basilica: northeast painted wall”  

Name Basilica: northeast painted wall 

Storyboard 

A very humid winter increases the moisture level and rising damp and leads to the appearance of green stains on the wall 

paintings of the basilica, as a result of biological colonization, causing bleaching and potential disaggregation of the surface 

finishing. 

Identifier RRT-02 

Description What The northeast wall of the basilica (Figure 44) presents the best preserved fresco paintings in this building and reaches the height 

of 3,11 m. The wall is divided in three areas by two pillars belonging to the arches of the arcades that divided the building in 
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transversal arcades.  

The painted decoration is divided in two main horizontal areas divided by a transition frieze: the upper area is decorated with 

geometric patterns and occasional vegetal or figurative motives while the lower area has the representation of marble plates.  

The building is covered by a protective roof and vertical panels that minimize the impact of natural hazards such as 

precipitation, wind and local storms.  

Detected deterioration patterns in the surface finishing (wall paintings): disintegrated elements, eroded elements, detachments, 

lesions and cracks, missing parts; (pre-existent) biological colonisation; salt efflorescence and sub-florescence; abrasion of the 

pictorial film; areas with surface runoffs; presence of sunlight from a variety of openings; presence of cement. 

Detected vulnerability factors in the masonry structure: lower permanently moist areas; areas with capillary rising dampness; 

lower-cohesion areas; detachments areas. 

Where This wall is located in the northeast side of the basilica (Figure 45) 

Why 

The particularity of this use case is the painted stucco, which is threatened by several hazards and threats: 

1. Saline spray (level of salt)  

2. Air humidity 

3. Rising damp and  

4. Biological colonization.  

5. Unwanted human activity (e.g., vandalism) 

6. Strong wave splashing. 

The protective structure was built using unsuitable materials, which favour the occurrence of unfavourable air humidity and 

temperature conditions, including heavy condensation, giving rise to microbiological growth across the whole length and height 

of the wall. The wall is only exposed indoors to this condensation-induced biological growth (the outdoors is not exposed); and 

the wall paintings coating the masonry indoors, in turn, are much more exposed than the masonry structure. 

Scope 
The level of humidity inside the basilica, at different heights, in real-time with environmental sensors (T/RH) will be monitored. 

Early detection of biological colonization will be possible with Induced Fluorescence (IF) sensors. It is not a real-time 
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assessment but it allows an early detection and early treatment before the green stains appear. 

Goal 

The relation between the T/RH data and the IF data may generate a pattern allowing to set a RH (relative humidity) alert level 

demanding an intervention before it is visible.  

In the maintenance strategy it is important to analyse IF data in treated and non-treated areas to evaluate the durability of the 

effect of the biocide applied.  

Initial Requirements 

Req_ID Relevance Owner Description 

REQ-RRT-

MON-01 
M TEIP 

Weather conditions MUST be continuously monitored in order to detect local 

phenomena, e.g., storm patter, lightning thunder, sea wave splashing, etc. . 

REQ-RRT-

MON-02 
M TEIP Abnormal and unwanted activity (e.g., vandalism) in the site areas MUST be monitored  

REQ-RRT-

MON-03 
M ENG 

Crowdsourcing mobile applications MUST be provided in order to improve 

engagement of the involved stakeholders (e.g., visitors/volunteers and CH operators) 

about how to properly detect subtle clues or early signs of hazards occurring, and offers 

streamlined steps to report descriptive risk information (photos, text, position 

REQ-RRT-

MON-04 
M TRO 

Photogrammetry MUST be used as monitoring for the damage caused by the natural 

and anthropogenic hazards. 

REQ-RRT-

MON-05 
M INOV 

Biological contamination MUST be early detected so as to mitigate damages on the 

materials.  

REQ-RRT-

MAN-01 
M ENG 

Collaboration and knowledge-sharing platform MUST be provided for natural disasters 

and climate change effects data collection and information sharing among different 

stakeholders (e.g., engineers, architects, archaeologists, conservator-restorers, 

firefighters, etc.) and for supporting a collaborative decision making process along with 

them 
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REQ-RRT-

MAN-02 
M SMPC 

Predefined policies MUST be recommended by the Decision Support Services in order 

to propose the action to be taken. 

Assumptions 

Technical  A weather station is already available 

Organisational Maintenance of shed, composed of a protective roof and some vertical protections. 

Post Conditions 

a) Comparison of records will allow to access the rate of damage of this shoreline located structure and can detect the most 

fragile spots of the structure so reinforcement by conservation works can be more effective. 

b) According to these results, actions can be planned. 

c) Virtual conservation by photogrammetry will permit the record of the whole monument and allow the future restoration or 

virtual reconstitution of the monument. 

Technical dependencies 

 RRT Site Manager 

 Site sensors 

 STORM data analysis platform  

Human actors 
 Archaeology  

 Conservators and restaurateurs. 

Exceptions 
Damage of the equipment/sensors place on site; 

No correlation found between T/RH data and the IF data. 

5.3.2 Use case RRT-03: “Workshop 21: walls of the south corner”  

 

Name Workshop 21: walls of the south corner 
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Storyboard 
Heavy rains cause the landslide of the sand dune behind the southwest and southeast walls of Workshop 23 in the shoreline. 

Dune instability caused by coastal erosion favours this process. The walls collapse towards the shoreline. 

Identifier RRT-03 

Description 

What 

The two walls considered in this case scenario form the south corner of workshop 21.  

Apparently they were built at the same time and they are the only two walls of a workshop in Tróia preserving their original 

height. The top of the walls preserves the cavities to insert the wooden beams of the roof and one of the walls preserves a 

window.  

Where 

Workshop 21 is another fish-salting workshop in the shoreline of the Sado estuary, not far from Case 1 - Workshop 23, with its 

southwest side lying against a very high sand dune and its northeast area regularly reached by the tide currents (Figure 34, 

Figure 35, Figure 36).  

Why 

The corner of workshop 21 was chosen as it is supporting the pressure of a huge sand dune, where landslides (sand) can occur. 

The most significant hazards that shall be analysed are: 

1. Landslide (sand) 

2. Tides and river currents and sea waves (erosion rate) 

3. Strong wave splashing. 

4. Unwanted human activity (e.g., vandalism) 

Scope 

Since this area is reached by the tide currents in the high tide, the access and circulation in the area is only possible in the low 

tide. Works should not take place from 3h before until 3h after the high tide peak. This is a conditioning for any direct actions in 

the area.  

Mitigation of the sandslide impact would imply:  

- partial reburying of the stone walls on the east side, to counteract the thrust of the dune; and reinforcing of the dune on the 

south side;  

- mortar filling of disaggregated areas, to create a structural unity;  

- reconstruction of the collapsed area and eventual shoring of the areas in eminent risk of collapse;  
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- structural reinforcement of the windowed wall, inserting a wooden lintel (as per the original window design). 

Mitigation is also possible by conserving the registry of the walls through photogrammetry, and monitoring the rhythm of 

degradation also through photogrammetry.  

If complete collapse occurs, reconstruction of the walls will not be recommended; in this case, virtual reconstruction, using 

photogrammetric data, is a possibility. 

Goal 

Analogously to Case 1, prevention of the action of tidal currents and sea waves would imply the building of a physical barrier 

preventing the tidal currents to reach the Roman structures. This would be very costly and might have an impact on the 

hydrodynamics of the Sado estuary, therefore it is very unlikely to happen. To the best of our knowledge, prevention of the 

sandslide is not feasible. 

Furthermore, if sensors are placed they should monitor the unusual movements of the sand dune and alarm in case of an extreme 

event, where a threatening consequence, such as total destruction or partial collapse can occur. 

Initial Requirements 

Req_ID Relevance Owner Description 

REQ-RRT-

MON-02 
M TEIP Abnormal and unwanted activity (e.g., vandalism) in the site areas MUST be monitored  

REQ-RRT-

MON-03 
M ENG 

Crowdsourcing mobile applications MUST be provided in order to improve 

engagement of the involved stakeholders (e.g., visitors/volunteers and CH operators) 

about how to properly detect subtle clues or early signs of hazards occurring, and offers 

streamlined steps to report descriptive risk information (photos, text, position) 

REQ-RRT-

MON-04 
M TRO Photogrammetry MUST be used as monitoring for the damage caused by the natural 

and anthropogenic hazards. 

REQ-RRT-

MAN-01 
D ENG 

Collaboration and knowledge-sharing platform MUST be provided for natural disasters 

and climate change effects data collection and information sharing among different 

stakeholders (e.g., engineers, architects, archaeologists, conservator-restorers, 

firefighters, etc.) and for supporting a collaborative decision making process along with 
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them. 

REQ-RRT-

MAN-02 
M SMPC 

Predefined policies MUST be recommended by the Decision Support Services in order 

to propose the action to be taken. 

Assumptions 

Technical A weather station is already available  

Organisational 
Photogrammetry monitoring has been done (data was recorded in the beginning of the project, June 2016, and will be collected 

again in 2018) 

Post Conditions 

a) Comparison of records will allow to access the rate of damage of this shoreline located structure and can detect the most 

fragile spots of the structure so reinforcement by conservation works can be more effective. 

b) According to these results, actions can be planned. 

c) Virtual conservation by photogrammetry will permit the record of the whole monument and allow the future restoration or 

virtual reconstitution of the monument. 

Technical dependencies 

 Site sensors 

 Data analysis platform  

 Photogrammetry equipment  

Human actors 

 RRT Site Manager 

 Conservator-restorers 

 Archaeologists  

 Civil protection technicians (in case of an extreme event, they should be called upon to restore the minimum safety 

conditions in the area for intervention) 

Exceptions Damage of the equipment/sensors place on site 
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5.4 Potential technological solutions 

The list of the requirements specified for the use cases in Sec. 5.3 and a brief overview of the 

corresponding proposed technological solutions, is given respectively in the Table 7 and 

Table 8. 

Table 7: RRT Requirements List 

Req_ID Relevance Owner Description 

REQ-RRT-

MON-01 
M TEIP 

Weather conditions MUST be continuously 

monitored in order to detect local phenomena, e.g., 

storm patter, lightning thunder, sea wave splashing, 

etc. 

REQ-RRT-

MON-02 
M TEIP 

Abnormal and unwanted activity (e.g., vandalism) 

in the site areas MUST be monitored  

REQ-RRT-

MON-03 
M ENG 

Crowdsourcing mobile applications MUST be 

provided in order to improve engagement of the 

involved stakeholders (e.g., visitors/volunteers and 

CH operators) about how to properly detect subtle 

clues or early signs of hazards occurring, and offers 

streamlined steps to report descriptive risk 

information (photos, text, position) 

REQ-RRT-

MON-04 
M TRO 

Photogrammetry MUST be as monitoring for the 

damage caused by the natural and anthropogenic 

hazards. 

REQ-RRT-

MON-05 
M INOV 

Biological contamination MUST be early detected 

so as to mitigate damages on the materials.  

REQ-RRT-

MAN-01 
M ENG 

Collaboration and knowledge-sharing platform 

MUST be provided for natural disasters and climate 

change effects data collection and information 

sharing among different stakeholders (e.g., 

engineers, architects, archaeologists, conservator-

restorers, firefighters, etc.) and for supporting a 

collaborative decision making process along with 

them.  

REQ-RRT-

MAN-02 
M SMPC 

Predefined policies MUST be recommended by the 

Decision Support Services in order to propose the 

action to be taken. 
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Table 8: Proposed technological solutions for the Tróia site. 

Required 

action 

Disaster Risk 

Management 

Phase 

Related 

hazards 

Requirements 

addressed 

Potential 

technological 

solutions 

Weather 

condition 

monitoring 

Preparedness 

Tidal 

currents, sea 

waves, saline 

spray, 

landslides 

REQ-RRT-MON-01 

REQ-RRT-MON-02 

REQ-RRT-MON-03 

REQ-RRT-MAN-01 

Weather station 

Wireless acoustic 

sensor networks 

Crowdsensing 

mobile 

application 

Knowledge-

sharing platform 

Seismic 

activity 

monitoring 

Preparedness 
Tsunamis, 

Earthquakes 

REQ-RRT-MON-01 

REQ-RRT-MON-02 

REQ-RRT-MON-03 

REQ-RRT-MAN-01 

Weather station 

Crowdsensing 

mobile 

application 

Knowledge-

sharing platform 

Intrusion 

detection 

Preparedness, 

Response 

Human 

Activity (e.g., 

Vandalism) 

REQ-RRT-MON-02 

REQ-RRT-MON-03 

REQ-RRT-MAN-01 

Wireless acoustic 

sensor networks 

Crowdsensing 

Mobile 

application 

Knowledge-

sharing platform 

CH 

structure 

description 

and 

detection of 

its 

degradation 

Prevention and 

Mitigation, 

Recovery 

Tides, 

extreme 

weather, 

earthquakes, 

landslides, 

human 

activity 

(vandalism) 

REQ-RRT-MON-04 
Photogrammetry 
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Required 

action 

Disaster Risk 

Management 

Phase 

Related 

hazards 

Requirements 

addressed 

Potential 

technological 

solutions 

Early 

detection 

and 

monitoring 

of biofilms 

Prevention and 

Mitigation 

Biological 

colonization 
REQ-RRT-MON-05 

Induced 

fluorescence 

sensor 

Potential technological solutions are to be discussed in detail in the Deliverable D1.2p 

devoted to the non-invasive and non-destructive methods of surveying and diagnosis. Here we 

will provide only a brief description of these solutions. 

5.4.1 Weather stations 

Weather stations record instantaneous measurements of current atmospheric conditions at a 

specific point. They are able to monitor a vast variety of atmospheric conditions including, 

but not limited to precipitation, air temperature, relative humidity, wind speed, wind direction, 

atmospheric pressure, and solar radiation. 

5.4.2 Wireless acoustic sensor networks  

Wireless acoustic sensor networks can yield information about the environment conditions 

and measuring characteristic sounds accompanying corresponding events (e.g., local storm 

patter, lightning thunder, and sea wave splashing). Specific anthropogenic sounds (due to 

car/boat engines, vandalism actions, shouting, etc.) can also be detected and identified. 

5.4.3 Photogrammetry 

Photogrammetry is based on using several photos from different angles with known focal 

length, using control points. It offers a rapid, accurate method of acquiring three-dimensional 

information, especially for large complex objects, while little field time is required. The 

technology is based on photomodeler — software that helps to extract accurate measurements 

and 3D models from photographs. 

5.4.4 Induced fluorescence sensor  

Induced fluorescence sensor is used for identification of organic and inorganic compounds 

characterising CH materials or their contamination by lichen, algae and moss. It is effective 

for in vivo and in vitro identification of bio pigments, like chlorophyll, phycoerythrin, 

phycocyanin, and carotenoids. 

5.4.5 Crowdsensing mobile application 

In proximity of configurable areas, alerts the visitors/volunteers with a message bearing 

proper information about the hazards and risks that can affect the area and inviting her/him to 

contribute to safeguarding the site’s cultural heritage. Thus the mobile app tries to inform 

visitors/volunteers that would be engaged in mobile crowdsensing activities (operating as a 

“human sensors”) about how to properly detect subtle clues or early signs of hazards 
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occurring, and offers streamlined steps to report descriptive information (photos, text, 

position) to the STORM platform. 

5.4.6 Collaboration and knowledge-sharing platform 

Aims at collecting and sharing data and information related to the threats, vulnerabilities and 

risks concerning natural disasters and climate change effects among different stakeholders 

(e.g., engineers, architects, archaeologists, conservator-restorers, firefighters, public 

authorities, etc.) using a set of integrated functionalities for social collaboration such as blogs, 

wikis, events calendar, document library, etc. Through a collaborative decision making 

process, the stakeholders are also able to select or define the most suitable disaster 

management processes and response plans to be activated, involving different types of 

operational procedures and business rules. 
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6 Ancient City of Ephesus - Great Theatre 

6.1 Description of the site 

Ephesus is located on the Western Aegean coast of Turkey, 70km southwest of Izmir, mainly 

lying on the plain between Pion (Panayır) and Koressos (Bülbül) Mountains. The history of the 

settlement goes back to the beginning from the 7th millennium BC at Cukurici Mound up to 

the Medieval and post-Medieval period at Ayasuluk, until present day at Selçuk. Despite its 

favourable geographical location, the settlement suffered from a continuous shifting of the 

shore line as a result of the sedimentation from the east to the west throughout the history, 

causing several relocations of the city site and its harbours (URL 1). 

 

Figure 65: Ephesus Ancient City Plan (KTB, SB & OAI, n.d.) (URL 2)) 

 

 

Figure 66: Ephesus Map (URL 3) 
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The great theatre, the city's most impressive and largest structure, lies behind the Port Street 

called Arcadiane, leaning on the western slope of Pion Mountain. It has a capacity of 24.000. 

Built around the 3
rd

 century BC as one of the greatest Hellenistic period structure in Ephesus, 

the Great Theatre was extended by restorations in the Roman period and became the largest in 

Anatolia in antiquity (URL 1).  

 

Figure 67: Ancient City of Ephesus – Great Theatre (KTB, SB & OAI, n.d.) (URL 2) 

The cavea (seats) has sixty-six rows of seats, divided by two diazoma (walkway between 

seats) into three horizontal sections. There are three sections of seats. In the lower section, the 

Emperor's Box was found. The audience entered from the upper cavea. The stage building 

was three-storied and 18 m high. The facade facing the audience was ornamented with 

relieves columns with niches, windows and statues. The structure was constructed with stone 

blocks, marbles and backfill materials composed of rubble and mortar, etc.  

During the course of time, Ephesus Great Theatre has suffered some damage and been subject 

to the risk of collapse due to the natural disasters or human interventions. The scene, 

especially, has been substantially deformed in terms of its structural integrity and stability. 

The structure has been renovated several times by using different materials. During the 

structure's life, construction materials have been deteriorated and have lost their qualities due 

to many reasons such as environmental conditions and natural disasters.  

There exists an Area Management Plan - detected as a strategic set of actions prepared in 

coordination with physical planning and determined as a result of the participatory process - for 

the Ancient City of Ephesus, where Selçuk Municipality is the authority to prepare in 

cooperation with the Ministry of Culture and Tourism and that was completed at the end of 2012.  
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6.2 Hazards and impact 

Regarding the natural hazards relevant for Ephesus Ancient City, those considered highly 

relevant are; earthquakes; wildfire; extreme temperature causing heat waves / cold waves; 

solar radiation, humidity cycle changes/relative humidity shocks as a result of precipitation; 

and vegetation. 

1. Earthquake  

The nearest active fault is the Ephesus Fault. The surface rupture of this fault is approximately 

8 km long. The maximum magnitude it can trigger according to normal faulting in Wells and 

Coppersmith (1994) correlation is expected to be around M= 6.2.  

The list of historical earthquakes affecting in the vicinity of Ephesus is presented in Table 9. 

Table 9: Historical earthquakes affecting in the vicinity of Ephesus region. 

Year Location Reference Io (intenisty) 

AD 17 
Sart, Izmir,Efes, 

Aydın, Manisa 
AMB09 10 

AD<30 Ephesus AMB09  

C. 42 AD Smyrna, Ephesus AMB09  

C. 46-47 

AD 
Militus 

AMB09; Guidoboni et 

al. 1994 
8-10 

AD 262 

Ephesus 

(Artemis 

collapsed) 

AMB09 8 

AD 1890 

December 

14 

Kusadasi 

ERGGU967+Ayhan19

80+SHAL974+TAXE0

03+SOYAL981 

 

AD 1891 Ephesus 
PINLAN952+KOSH9

82 
 

An intensity distribution map of the AD 17 earthquake (Guidoboni et al. 1994) shows a 

relatively large amount of damage to 13 ancient cities; the authors mention that especially in 

Magnesia (Manisa) and Sardeis (Sart), located almost at the centre of the intensity map, there 

were wide and deep surface ruptures.  
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Figure 68: The intensity distribution of the AD 17 earthquake (Guidoboni et al. 1994) 

Twenty-seven years after this event, in AD 46-47, the ancient cities of Magnesia and Ephesus 

(Efes) were shaken by an earthquake with an intensity of VIII (Ergin et al.1967; Soysal et al. 

1981, Table 9). Ambraseys & Jackson (1998) refer to an earthquake in Manisa in August of 

926, although there is no detailed information about this event.  

In addition to that Bogazici University has prepared the Earthquake Master Plan of Izmir, it is 

also forming the RADIUS Project’s data collection phase. A seismic hazard map (MSK 

intensity scale) for 475 return period obtained from the Earthquake Master Plan of İzmir, is 

given in the figures below. 

 

 

Figure 69: Intensity and Erdik ground motion prediction equation for 10% probability of 

exceedance in 50 years (Erdik et al 1985) 

During the course of time, Ephesus Great Theatre has suffered some damage and been subject 

to the risk of collapse due to the natural disasters or human interventions. The skene, 

especially, has been substantially deformed in terms of its structural integrity and stability. 

The northern and southern parts of the cavea partially collapsed while the scene section 

totally collapsed. Several damages have also been observed on the structures as cracks, 
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fractures, fissures, degradations, separation and decay of structural materials. Structural 

damage may occur due to several factors such as the soil settlement, temperature variations, 

excessive loads, and seismic effects. 

2. Wildfire  

Grass fire, within the boundaries of the archaeological site, due to the lack of maintenance 

especially for the public owned parts where there is no agricultural activity, is stated in the 

Management Plan of Ephesus in the Nomination File of UNESCO (URL 1) as one of the 

significant problems which may adversely affect the site. Wildfires may cause discoloration 

of materials due to smoke. Additionally, extreme increase in the temperature may cause 

alteration in the mineral composition of stone and lead to cracks on it.  

3. Precipitation- Humidity cycle changes/relative humidity shocks 

Statistical data on average values between the years 1950-2015 by the Turkish State 

Meteorological Service (URL 4), state that the total amount of monthly precipitation during 

winter is over 100 kg/m
2
, especially in December, when it is reported as 141 kg/m

2
. As a 

result of the precipitation, humidity cycle changes/relative humidity shocks can be 

experienced. This may result in: spalling of material; fracture of structures caused by 

infiltrations; abrasive effect of rain water and the colour change it causes on surfaces; 

moisture permeability of construction elements and effect of freezing; damage in the 

foundation; and biological colonization (formation of moss). 

4. Solar Radiation 

The average duration of sunshine during the summer between the years 1950-2015 is reported 

as 11.3-12 hours (URL 4). Solar radiation may cause discolouration of the stone surfaces, 

taking matt and pale appearance. 

5. Extreme temperature - Heat Waves / Cold waves 

Maximum and minimum values in İzmir between 1950-2015, as reported by the Turkish State 

Meteorological Service (URL 4), varies between -6.4
o
 C and 43

o
 C. According to a study on 

Ephesus in terms of Climate Change, using a regional climate model entitled RegCM 4.1.1, 

the estimated temperature between 2016-2035 - according to both RCP 4,5 and RCP 8,5 

scenarios – is expected to increase 1.5 – 2
o 

C during the winter season, and over 2.5
o
 C during 

the summer season (Yilmaz et al, 2015). This may cause structural deformation due to 

material deterioration. 

6. Vegetation 

Due to the humidity in weather, vegetation can be observed in Grand Theatre. Existence of 

vegetation may result in structural and material problems. Vegetation may cause: deformation 

of construction elements by root action; deterioration of material; nests that create holes 

inside the walls and pavements by wasps, ants, mice and rabbits. Periodic maintenance on site 

is provided for this phenomena. 
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6.3 Current practices 

In the previous years, steel supports have been executed with the purpose of solving the static 

problems and supporting the block stones especially in the South Analemma. Capping was 

also implemented in order to reduce the effects of climatic conditions on the structure. 

Although there is no vegetation in the ancient theatre structure to a considerable extent, 

continuous disinfestations and mechanical cleaning is being performed against the existing 

ones. Additionally, regular controls on site is being performed by the Museum Directorate 

identifying whether situations such as vegetation, disintegration, stone fail exist and simple 

treatments are performed as necessary. Besides, there is a conservation project prepared in 

2016 aimed at restoration of the Ancient Theatre structure and is in the appraisal process. 
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6.4 Use case scenario 

Name Great Theatre 

Storyboard 

Scenario 1: Earthquake occurs on a Saturday. Partial collapse occurs at the stairs located on the North Analemma currently 

supported for stability.  

Scenario 2: Fire started among the bushes on the hill where the great theatre is located on a very hot yet windy summer day. 

It grew and spread rapidly as a result of the wind. 

Identifier ACE-01 

Description 

What 

Built around 3rd century BC, the Great Theatre is one of the greatest Hellenistic period structure in Ephesus with a diameter 

of about 150m. It was extended by restorations in the Roman period. The structure was constructed with stone blocks, 

marbles and backfill materials, composed of rubble and mortar, etc. 
 

Where The Great Theatre is located on the slope of the Panayirdag, leaning on its western slope. 

Why 

The probable hazards that may affect the theatre are: 

1. Earthquake: 

a. may cause partial collapse  

b. fracturing of structures 

c. casualty of visitors 

2. Grass Fire:  

a. discoloration of materials due to smoke  

b. extreme increase in the temperature may cause alteration in the mineral composition of stone and lead to 

cracks on it. 

3. Solar Radiation: 

a. may cause discoloration of the stone and marble surfaces, causing them to take matt and pale appearance. 

4. Vegetation: 

a. faced as a result of the pressure of the roots of trees may cause increase in dislocations and dilation in 

openings and may lead to partial collapse. 

b. may cause deterioration of material 

c. nests that create holes inside the walls and pavements by wasps, ants, mice and rabbits 
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5. Precipitation:  

a. may cause spalling of material 

b. fracture of structures caused by infiltrations 

c. abrasive effect of rain water and the colour change it causes on surfaces 

d. moisture permeability of construction elements and effect of freezing 

e. damage in the foundation 

f. biological colonization (formation of moss) 

Scope 

Ambient vibration and seismic vibration monitoring will be performed. 

Crack depth and surface crack expansion of the structure will be measured. 

Monitoring the meteorological effects such as precipitation, humidity, temperature and wind are essential. 

Goal 

Effective monitoring would generate reliable data for risk reduction actions both in terms of protecting the structural integrity 

and weathering effects. 

Ambient vibration and seismic data will help to reveal the dynamic behaviour of the structure. By tracking the crack growth 

on the structure, structural integrity will be assessed. In order to evaluate the effect of climatic conditions on the material of 

the theatre, precipitation, humidity, temperature and wind data will be used. 

Initial Requirements 

Req_ID Relevance
5
 Owner Description 

REQ-ACE-

MON-01 
D BU 

The environmental conditions linked to risks for the site SHOULD be 

continuously detected and measured. 

REQ-ACE-

MON-02 
M BU Structural and seismic monitoring MUST be performed. 

REQ-ACE-

MON-03 
M BU 

The existence and use of a classification scheme for the recorded data MUST be 

defined by the STORM platform, in order to provide input to the risk management 

processes. 

REQ-ACE-

MAN-01 
D BU 

Damage and risk assessment methodologies SHOULD be integrated into a 

software platform 

                                                 
5
 Mandatory, Desirable, Optional 
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REQ-ACE-

MAN-02 
D BU 

Identification of the earthquake risk matrices applicable for the cultural heritage 

sites SHOULD be used by the Decision Support Services in order to propose the 

necessary actions. 

REQ-ACE-

MAN-03 
D BU Training on STORM Platform SHOULD be provided 

REQ-ACE-

MAN-04 
M ENG 

Collaboration and knowledge-sharing platform MUST be provided for natural 

disasters and climate change effects data collection and information sharing 

among different stakeholders (e.g., engineers, architects, archaeologists, 

conservator-restorers, firefighters, etc.) and for supporting a collaborative decision 

making process along with them.  

Assumptions 

Technical There are mechanical crack measurement sensors, surveillance cameras and wind sensor on site. 

Organisational There is electricity and cellular data coverage on site. 

Post Conditions 

a) Monitoring rain, air temperature, humidity and smoke and corresponding threshold levels.  

b) Seismic monitoring for assessing structural condition.  

c) All assessments to be performed will allow prioritizing the future restoration efforts.  

Technical dependencies 
 Site sensors and stations 

 STORM data analysis platform  

Human actors 

 Archaeologists 

 Architects 

 Art Historians 

 Conservation engineers (structural, civil, etc.) 

 Conservator-restorers 

 Conservation scientists 

 Emergency Professionals (Disaster and Emergency Management Agency experts and Firefighters) 

 Site manager 

 Site Staff 

Exceptions Damage of the equipment/sensors placed on site 
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6.5 Potential technological solutions 

The proposed technological solutions corresponding to the requirements of the use cases will 

be briefly given in this section along with the proposed actions regarding emergency cycle 

phases.  

The list of the requirements specified for the use cases in Sec. 6.4 and a brief overview of the 

corresponding proposed technological solutions, is given respectively in the Table 10 and 

Table 11. 

Table 10: ACE Requirements List 

Req_ID Relevance Owner Description 

REQ-ACE-

MON-01 
D BU 

The environmental conditions linked to risks for 

the site SHOULD be continuously detected and 

measured. 

REQ-ACE-

MON-02 
M BU 

Structural and seismic monitoring MUST be 

performed. 

REQ-ACE-

MAN-01 
D BU 

Damage and risk assessment methodologies 

SHOULD be integrated into a software platform 

REQ-ACE-

MAN-02 
D BU 

Identification of the earthquake risk matrices 

applicable for the cultural heritage sites SHOULD 

be used by the Decision Support Services in order 

to propose the necessary actions. 

REQ-ACE-

MAN-03 
D BU 

Training on STORM Platform SHOULD be 

provided. 

REQ-ACE-

MAN-04 
M ENG 

Collaboration and knowledge-sharing platform 

MUST be provided for natural disasters and 

climate change effects data collection and 

information sharing among different stakeholders 

(e.g., engineers, architects, archaeologists, 

conservator-restorers, firefighters, etc.) and for 

supporting a collaborative decision making 

process along with them.  

Table 11: Proposed technological solutions for the Ephesus site. 

Required 

action 

Disaster risk 

management 

phase 

Related 

hazards 

Requirements 

addressed 

Potential 

technological 

solutions 

Weather 

condition 

monitoring 

Preparedness 

Hydro-

Meteorological 

Hazards 

REQ-ACE-MON-01 Weather station 

Seismic 

activity 

monitoring 

Prevention and 

Mitigation, 

Preparedness 

Earthquakes,  REQ-ACE-MON-02 

Seismic stations 

(3 Component 

Accelerometer) 
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Required 

action 

Disaster risk 

management 

phase 

Related 

hazards 

Requirements 

addressed 

Potential 

technological 

solutions 

CH 

structure 

description 

and 

detection of 

its degra-

dation 

Prevention and 

Mitigation, 

Recovery 

Extreme 

weather, 

Earthquakes  

REQ-ACE-MON-02 

Structural radar 

measurement to 

determine crack 

depth 

measurements 

and  void 

identification (4D 

) 

3D laser scanning 

(already used) 

Mechanical crack 

measurement 

sensors or 

potentiometer  

Collaboration and 

knowledge-

sharing platform 

Potential technological solutions are briefly given in the following sub-sections. 

6.5.1 Weather stations  

Weather stations record instantaneous measurements of current atmospheric conditions at a 

specific point. The weather station is a facility with instrumental equipment for 

measuring atmospheric conditions including parameters such as temperature, barometric 

pressure, humidity, wind speed, precipitation amount and soil temperature. 

6.5.2 Seismic stations  

Seismic stations comprise force balanced type sensor, analogic/digital converter, a GPS unit, 

and a storage unit. The data can be transferred real-time through a GSM modem. The 

instruments are able to record daily-life sources such as traffic, human noise, wind, and 

earthquakes. They are broadband instruments, covering a wide range of frequencies (from 

nearly zero to 500 Hz).  

6.5.3 Collaboration and knowledge-sharing platform 

Aims at collecting and sharing data and information related to the threats, vulnerabilities and 

risks concerning natural disasters and climate change effects among different stakeholders 

(e.g., engineers, architects, archaeologists, conservator-restorers, firefighters, public 

authorities, etc.) using a set of integrated functionalities for social collaboration such as blogs, 

wikis, events calendar, document library, etc. Through a collaborative decision making 

process, the stakeholders are also able to select or define the most suitable disaster 

management processes and response plans to be activated, involving different types of 

operational procedures and business rules. 

 

https://en.wikipedia.org/wiki/Earth%27s_atmosphere
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7 Conclusions 

This deliverable presents the five pilot sites selected for the STORM project, their main 

hazards and needs in terms of protection from hazards and climate changes. The cultural 

heritage to be protected is described as well as the main hazards that are affecting its integrity. 

Each of them can be seen as a model for testing appropriate solutions to deal with particular 

threats, many of them related to climatic changes. As such, for the Mellor sites, wind and 

precipitation are the most menacing hazards, while in Rethymno the combination of wind and 

flooding are particularly threatening. The Baths of Diocletian, in Rome, are more impacted by 

anthropogenic risks such as air pollution, traffic, fire and tourism pressure in general. On the 

other hand, Ephesus seems to be a good case-study for earthquake caused damages and Tróia 

is a particular good example of how coastal erosion threatens archaeological structures.  

Specific use cases and scenarios, affected by particular hazards and threats, have been defined 

for each pilot site. These use cases are described in terms of their formal characteristics, their 

needs are presented as preliminary user requirements and potential technical solutions are 

indicated for each one of these. The most significant results from the analysis of each pilot 

site, its needs and potential solutions, are shown below. 

7.1 Mellor Heritage Project  

Mellor is located in the North-West England region of the UK, a region with a mild and wet 

climate. There are three sites of interest for the purposes of STORM. The first is a Bronze 

Age burial ground, thought to be where cremations and burials occurred for local tribes and 

villagers. The second location is an Iron Age ditch where sections of the ditch have been 

excavated and are on view to the public. This location has been inhabited throughout the ages 

at least since the Bronze Age, and artefacts spanning 1000s of years have been found. The 

ditch was surrounding a hillfort and as such there is evidence of many roundhouse locations. 

A reconstructed round house has been built close to the ditch to give visitors an idea of what 

living conditions would have been like in the Iron Age. Third and lastly, is the remains of 

Mellor Mill which was burnt down in 1900. This industrial period Mill was one of the biggest 

and most impressive of its day. Mellor Archaeological Trust is currently trying to preserve 

what remains of the Mill, all of which lay below ground level. The trust is particularly 

interested in the Waterloo Wheelpit. 

The natural hazards which pose most significant risk to the Mellor sites are those weather 

variables which may be multiplied by ongoing climate change. Of major concern is the risks 

posed by wind – and the effect this may have on trees near the archaeology – and 

precipitation – which the intensity and amount of is already a concern, but may be multiplied 

as the climate changes. The major climatic risk is that of changing freeze-thaw cycles and 

how if these cycles are more frequent, then there could be significantly more erosion to all 

three Mellor sites. A less significant but still present risk is the hazard due to biological 

colonisation. This is particularly interesting in the Mill’s wheel pit and in the Iron Age ditch.  

Anthropogenic risks include tourism related threats, especially as the site gains prominence. 

Current projects are improving the accessibility of the sites, especially at the Mill site and this 

is expected to lead to greater number of visitors. In turn, it will be concerning to see how the 

increase footfall may put areas of the site at increased risk. As all three sites are secluded a 

small concern may be vandalism. The sites are not secure at present. A similar risk is that of 

fire, where a fire could quickly become out of control (either as an accident or by malice) and 

lead to damage of the archaeological assets. Finally, human caused damage to the dam which 
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is damming the mill ponds up stream of the mill could cause catastrophic damage to the 

archaeology at the mill.  

There are no current practices employed at any of the sites relating to the above risks, except 

from the biological colonisation. Which is mitigated against multiple time per year with 

volunteers removing vegetation from the archaeological structures. Furthermore, there have 

been no technical measures undertaken at the Mellor site monitoring site specific variables.  

Mellor Use-Cases include: 

 MAT-01 – “Iron-Age Ditch” 

This use case, the Iron-Age Ditch, is of interest in one risk scenario. This is a climatic 

risk scenario, whereby increasing number or severity of storms may lead to trees 

falling on and damaging/destroying archaeology. Climatic sensors will be deployed to 

monitor climatic variables and warning systems will be in place to warn site owners to 

take necessary precautions.  

 MAT-02 – “Reconstructed Roundhouse” 

This use case deals with scenario of increasing tourism numbers leading to more 

footfall at the site. For this scenario and use case methods for monitoring damage to 

the site and materials will be developed. Technology such as laser scans and 

photogrammetry will be used to define areas of concern before damage takes hold. 

Site owners will be able to act upon this information and take measures to mitigate 

against further damage, and correct damage which has already occurred.  

 MAT-03 – “Mellor Mill” 

This use case in considered for two risk scenarios. First, increasing rainfall because of 

ongoing climate change will raise levels of the Mill ponds close to the site. This could 

lead to significant flooding of the site. Climatic tools will be used here to determine if 

the rainfall is increasing over a long period and this could lead to measures being 

undertaken to prevent the mill ponds from over flowing. Also, over short time periods, 

heavy rain warning systems will be in use connected to the weather station technology 

on site. This will give warning to site owners to take measures to prevent damage from 

flash floods. 

Secondly, a change in the freeze-thaw cycles is of interest. If these cycles increase 

then the erosion of the masonry at the Mill site will also increase. To try to understand 

this, many small environmental sensors will be used to get a clear understanding of the 

humidity and temperature around the site. Technology such as laser scans and 

photogrammetry will be used to monitor damage.  

 MAT-04- “Shaw Cairn” 

As with MAT-02, this use case deals with scenario of increasing tourism numbers 

leading to more footfall at the site. For this scenario and use case methods for 

monitoring damage to the site and materials will be developed. Technology such as 

laser scans and photogrammetry will be used to define areas of concern before damage 

takes hold. Site owners will be able to act upon this information and take measures to 

mitigate against further damage, and correct damage which has already occurred.  

Monitoring of the climatic hazards will be undertaken at the Mellor site, and 2D/3D graphic 

and photographic representations will be continued to be undertaken to monitor damage. This 

will enable Mellor to say for sure how the climatic/weather variables are influencing damage- 

showing any clear correlation/causation. Only then, can measures be employed to prevent and 

mitigate against such risks and threats from hazards.  

Warning systems will be created and used using data collected by the weather stations and 

other technology. Damage assessment methods will be developed and up to date 
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documentation will allow experts and site owners to develop plans for correcting damage and 

mitigating against further damage.  

7.2 Diocletian’s Baths 

Built between AD 298 and 306, the Baths of Diocletian are the biggest thermal complex ever 

built in the Roman world; in the 16
th

 century the remains of the Roman buildings were 

transformed, with a project sketched by the old Michelangelo, to house a Charterhouse with 

adjoining church. In 1889 the site was chosen as seat of the National Roman Museum, which 

still houses nowadays.  

Due to their architectural structure and to their location in the very centre of the city of Rome, 

the main conservation issue of the Baths of Diocletian is related to the static of the ancient 

buildings, and to the heavy car and bus traffic around them (including two underground lines 

passing nearby). However, the Roman brickwork is also threatened by air pollution, heavy 

rains, winds and thunderstorms, which are becoming more and more frequent in the area and 

cause erosion on the ancient brickworks with consequent fall and loss of materials. The 

presence of the surrounding gardens also increases the risk of fires, especially in case of 

thunderstorms. Besides that the tall timber trees have already fallen on the Museum buildings.  

The buildings of the 16
th

 century Charterhouse, particularly the big Cloister, are also affected 

by humidity rising from the ground and affecting the plasters causing moulds and other kind 

of damages.  

As the area is open to the public, a threat is also represented by damage caused by tourists, 

particularly on the occasion of special events taking place in the area (concerts, exhibitions 

etc.). 

Use Case BOD-01Roman Halls I-II-IV: these use cases deal with the corrosion of the walls 

and the consequent loss of material caused mainly by strong winds and rains (scenario01) and 

with the structural problems of the Roman halls of the Baths, which can be caused both by the 

traffic and underground vibrations as well as by an earthquake affecting the area (BOD-02). 

FBG systems with inclinometers and accelerometers as well as Lidar will be used for the 

scope.  

Use Case BOD-02: Michelangelo’s Cloister. This use case aims to deal with humidity rising 

form the ground and affecting walls and plasters (scenario3), which will be monitored 

through FBG systems; a second scenario has the goal to deal with the risk of fire and damages 

which can be caused by thunders hitting the trees in the Cloister Garden.  

Prevention and mitigation should be the first steps for the proposed methods and processes. 

Besides the inspections usually performed in the prevention and maintenance, a 2D/3D 

graphic-photographic-descriptive documentation will be provided in this stage, as well as the 

characterization of constituting materials, when necessary, which will allow for in situ testing. 

Monitoring each of the hazards shall be a goal: as vibrations, earthquakes and storms cannot 

be prevented, monitoring the state of the structures and understanding their resistance to the 

possible hazards will be of great importance. Also the monitoring of temperature and air 

humidity will be used for the prevention of possible damages on the walls.  
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In the preparedness stage, an early warning system and emergency plans should be developed 

(e.g. in case of earthquake or fire); preparedness of emergency actors such as CNVVF will be 

also provided through a special training action 

In terms of response, survey, damage assessment and documentation should take place, so 

salvage, triage and stabilization can occur. Also the needs for the next stage of recovery 

should be evaluated. 

Finally, recovery will deal with stabilization, consolidation, cleaning, structural 

reinforcement, return of detached elements and plan the preventive conservation. 

The above mentioned processes/methods shall allow the selected archaeological structures of 

each use-case scenario to be prepared to face the monitored hazards with as less impact as 

possible, which shall take place during the development of the STORM project. 

7.3 Historical Centre of Rethymno and the Fortezza Fortress 

The city of Rethymno is located in a peninsula, in the middle of the northern road axis of the 

island of Crete. The historical centre is surrounded by the sea from the north, west and east 

sides.  

The historical centre is exposed to natural hazards due to its location on the edge of the 

peninsula. The fortress, NW of the historical centre, is further exposed due to its location on a 

hilltop. Flooding and wind are considered among the most potentially hazardous factors. 

Chemical and physical damage caused by such factors is considered an immediate risk to the 

historical centre. Vegetation, specifically plant/roots growth, severely damages the walls of 

the Fortezza fortress. Earthquakes could potentially cause serious physical damage to 

buildings especially to the tallest structures of the city. The combination of fluctuations of 

humidity, solar radiation and the presence of marine salts furthers deteriorate the architectural 

elements, such as the masonry, plasters and wooden and metallic parts of the buildings.  

Main anthropogenic hazard is vandalism.  

Current practices do not include monitoring of the described hazards so far. There is a basic 

protocol for prevention of secondary hazards such as fire.  

Four areas have been selected in the development of use case scenarios for the project: 

HCR-01: “The fortification wall of St. Paul’s bastion in Fortezza Fortress” 

The case scenario explores the effects of earthquake on pre-existing cracks on the fortification 

wall and the extent of possible further damage. Crack-meters and accelerometers will be used 

to monitor and record changes in the preservation of the monument.  

HCR-02: “Wall, part of the façade of the double gun hole in St. Lucas bastion in 

Fortezza Fortress” 

The effect of heavy rain and consequent flooding on the earth-filled level of the bastion is 

explored in order to assess the likelihood of the collapse of the bastion. A range of sensors 

and methods of monitoring and recording such as IR thermal-Imaging, Electrical Resistivity 

Tomography (ERT) and Photogrammetry a will be employed in order to evaluate the extent of 
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the hazard impact and likelihood of occurrence. XRD-XRF will be used in the analysis of 

authentic materials composition and that of past conservation materials.  

HCR-03: “Soap factory”  

The case scenario explores the effect of a storm in the historic centre and on a building that 

incorporates materials other than stone, such as wood. Flooding and consequent collapse of 

the wooden floors is the expected effect. Weather station, Accelerometer, Laser-scanning and 

Photogrammetry will be employed for the monitoring of hazard and recording of the state of 

preservation of the building.  

HCR-O4: “The Lighthouse of the Venetian Port  

The case scenario deals with the effects of extreme weather conditions that involve the action 

of saltwater and wind and the effects of humidity and earthquake on the preservation of the 

lighthouse. Areal photogrammetry will enable the assessment of state of preservation and the 

recording/monitoring of any changes due to the occurrence of weather hazards. Weather 

station and accelerometers will monitor weather conditions and the likelihood of earthquake 

occurrence respectively.  

Data collection, from the monitoring stage, relevant to the state of preservation of the selected 

monuments and the presence, extent and occurrence of hazardous phenomena is prioritized. 

The evaluation of data from the involved parties will enable the design of preventive and 

mitigation strategies and a preparedness plan in cases of emergency.  

The involved parties will collaborate in order to design a response plan that will include the 

effective and quick clearance of the area in risk, the structural support of the masonry and the 

assessment of the extent of damage.  

The recovery stage includes the implementation of a conservation plan that incorporates 

condition report, analysis of the authentic materials and materials used for in conservation 

(compatibility). The recovery stage is concluded by a maintenance plan for the site, the 

evaluation of any actions taken and the design of preventive measures relevant to the 

protection of the monument in future risks.  

The above actions will enable the design of an effective methodology to be applied on the 

selected case studies. The methodology will be developed within the STORM framework.  

7.4 Roman Ruins of Tróia 

Tróia is a peninsula at the mouth of Sado river whose geological substrate is sand and in 

Roman times was probably still an island. The settlement, on the shoreline of the Sado river 

estuary, was built on sand very close to the water.  

Due to its location, the most significant natural hazards are related to its coastal exposure and 

the proximity of the ocean. Tide currents, sea-level rise and coastal erosion are the most 

aggressive hazards, causing exposure of archaeological structures buried in the sand and their 

fracture and collapse. Earthquakes and tsunamis are other potential hazards and landslides, 

caused by the coastal erosion, can also cause the fracture and collapse of archaeological 

remains. Humidity, rising damp, saline spray, intense rainfall and strong winds may cause salt 
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transport in structures, infiltrations, moistening of construction elements, floors and wall 

coatings and acceleration of evaporation leading to deterioration and erosion. Humidity leads 

to biological colonization (fungal) that causes the deterioration of wall paintings and 

construction elements. 

Relevant anthropogenic hazards are vandalism and a possible dam/levee failure. 

Current practices at this site do not address the issues related to the above mentioned hazards. 

There is some prevention and mostly mitigation of less significant hazards, such as fire, rain 

or solar radiation, but no technical monitoring has been done previously to the STORM 

project. 

Three areas especially affected by the main hazards have been chosen as use cases in this 

project. 

RRT-01: “Workshop 23: well” 

This use case intends to deal with the sea-level rise and coastal erosion, as well as 

earthquakes/tsunamis. Monitoring will be done with a wireless acoustic sensor network and 

photogrammetry will be essential as a monitoring system to access the damage these hazards 

can cause. 

RRT-02: “Basilica: northeast painted wall” 

With the frescoes from the Basilica particular issues can be addressed, such as saline spray 

(level of salt), air humidity, rising damp, biological colonization, also connected to the coastal 

location of the site. Furthermore more general hazards like vandalism and earthquakes can 

also be analysed through this case-study. Specific sensors will be developed to analyse the 

biological colonization. 

RRT-03: “Workshop 21: walls of the south corner” 

Slightly more inland then RRT-01, this case is still located in the shoreline and will deal both 

with the coastal menacing hazards and landslides, which in the particular case of Tróia occur 

through sand pressure. Yet again, photogrammetry will be used to register the continuous 

damage provoked during the timeline of this project. 

Concerning proposed processes and methods, prevention and mitigation should be the first 

steps. As such 2D/3D graphic-photographic-descriptive documentation will be provided in 

this stage, as well as the characterization of constituting materials, when necessary, which will 

allow for in situ testing. Monitoring each of the hazards shall be a goal and if possible hazards 

should be blocked, by, for example, building a protective embankment or verifying existing 

protective structures. Particular actions should take place, which will make more 

solid/protected structures, such as partial reburying, reconstruction, shoring of areas, 

structural reinforcements and/or mortar filling. 

In the preparedness stage, an early warning system and emergency plans should be developed 

(ex.: flood, sandslide); an emergency storage unit should be set and the training of specialists 

in (cultural) first aid is essential. 

In terms of response, survey, damage assessment and documentation should take place, so 

salvage, triage and stabilization can occur. Also the needs for the next stage of recovery 

should be evaluated. 
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Finally, recovery will deal with stabilization, consolidation, cleaning, structural 

reinforcement, return of detached elements, reconstruction (if applicable) and plan the 

preventive conservation. 

The above mentioned processes/methods shall allow the selected archaeological structures of 

each use-case scenario to be prepared to face the monitored hazards with as less impact as 

possible, which shall take place during the development of the STORM project. 

7.5 Ancient City of Ephesus - Great Theatre 

Ephesus is located on the Western Aegean coast of Turkey, 70km. southwest of Izmir, mainly 

lying on the plain between Pion (Panayır) and Koressos (Bülbül) Mountains. There is an 

active fault in the vicinity. Therefore, one of the most significant hazard for the site is 

earthquake hazard. Earthquake may cause fracturing or partial collapse of the structure. Other 

relevant hazards are wildfire that may cause discoloration of materials due to smoke, or as a 

result of extreme increase in the temperature alteration in the mineral composition of stone 

leading to cracks; extreme temperature causing heat waves / cold waves; solar radiation, 

humidity cycle changes/relative humidity shocks as a result of precipitation; and vegetation.  

Within the context of STORM project, all hazard evaluation is performed on the basis of the 

Ancient Theatre as the case study structure in the site.  

In the previous years, studies and practices have been performed in order to solve the static 

problems, reducing the effects of climatic conditions. Also, project comprising the restitution 

and conservation issues of the Ancient Theatre is prepared by Ministry of Culture and 

Tourism and is in the appraisal process on Preservation Board.  

For the Ancient Theatre, an operating periodic maintenance and monitoring program exists. 

Monitoring action is performed through security cameras and security guards. Periodic 

maintenance of the Ancient Theatre is performed under supervision of Ephesus Museum 

Directorate. In the context of periodic maintenance, all kinds of structural and biological 

problems are monitored and the related solution (stone consolidation, disinfestations, 

mechanical cleaning etc.) is put into action under the awareness of Ministry, and by the 

supervision of Museum Directorate. Also there exists an area management plan consisting the 

whole Ephesus Ancient City. 

ACE - 01: Great Theatre 

The north and south walls of the ancient theatre are particularly vulnerable to seismic 

excitations and static loadings due to environmental conditions. Such effects may cause 

extension of current cracks or fracturing or partial collapse of the structure. A scenario 

earthquake will be considered to estimate the damage at structure (walls) in a future 

earthquake. For this purpose a permanent seismic monitoring will be performed to record 

earthquakes nearby the site. Also, occasional measurements (static and dynamic) will be taken 

from structural points to identify actual damage. Numerical models will be developed to 

perform analyses to estimate the possible damage at structure in future strong earthquakes. 

Furthermore, for other outstanding hazards related environmental conditions monitoring need 

to be performed. In the process of both selection and the installation of the provided devices, 

the conservation project prepared by the Ministry must be taken into account.  

Data acquisition and monitoring will provide input for; maintenance and consolidation efforts 

in the prevention and mitigation phase; improvement of the existing emergency plan together 

with trainings provided towards staff in the preparedness phase; damage assessment, 

monitoring, emergency intervention and identification of recovery needs in the response 
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phase; treatment/implementation, and development of a maintenance program in the recovery 

phase.  
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9 Annexes  

9.1 Questionnaire of Mellor Heritage Project  

9.1.1 Identification 

1. Name of site: Mellor 

2. ACRONYM: MAT 

3. Contact Person: Rob Williamson 

9.1.2 Site Exposure Profile 

What are the hazards or threats that are relevant for your site?  

Please evaluate with a scale from 1 (not relevant) to 5 (highly relevant).  

Please bear in mind that this section is about assessing the exposure of the site to extrinsic 

hazards and threats, be they anthropogenic or environmental; it is not about the vulnerability 

of the site, i.e., intrinsic site features making it more or less vulnerable to specific hazards. 

Site vulnerabilities will be assessed at a later stage. 

Table 1: Natural Hazards and Threats 

NATURAL HAZARDS AND THREATS 1 2 3 4 5 

GEOLOGICAL HAZARDS      

Earthquakes X     

Mass 

movements 

Landslides  X    

Land subsidence/liquefaction  X    

Rockslides X     

Avalanches X     

Soil creep  X    

Volcanic eruption X     

Erosion    X  

HYDRO-METEOROLOGICAL HAZARDS       
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Storms Cyclones/typhoons/hurricanes X     

 Thunderstorms / lightning   X   

 Hailstorms / ice storms /dust storms  X    

 Tornadoes X     

 Strong winds    X  

 High waves X     

Flooding Flash floods   X   

River / lake floods   X   

Coastal floods X     

Mass movement dam-induced floods    X  

Storm surges X     

Wildfires  X    

Tsunamis X     

Extreme 

temperature 

Sea-level rises X     

Heat waves / cold waves    X  

Frost / freeze / snow loading   X   

Thermal shock X     

Salinization (e.g. salt-water intrusion)  X     

Change in freeze-thaw events     X 

Droughts  X    

Precipitation Intense rainfall     X 

Surface runoff     X 
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Altered water table      

Changes in soil chemistry      

Humidity cycle changes/relative 

humidity shocks 

    X 

Prolonged wet periods / prolonged dry 

periods 

 X    

Deforestation and desertification X     

Wind Wind    X  

Wind driven rain  X    

Wind driven particles: saline spray X     

Pollution and 

climate 

SO2, NO3 and O3 air concentration X     

Ph precipitation  X    

Ocean acidification X     

Tides (tide currents and sea waves) X     

Solar radiation  X    

BIOLOGICAL HAZARDS      

Animal stampede X     

Biological infestation (including insect, pest, fungal and 

vegetation infestation) 

 X    

Biological 

decomposition 

Proliferation of invasive species  X    

Spread of existing and new species of 

insects (e.g. termites) 

  X   

Increase in mold growth   X   

Decline of original plant materials  X    
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Table 2: Anthropogenic Hazards 

ANTHROPOGENIC HAZARDS AND 

THREATS 

1 2 3 4 5 

INDUSTRIAL/TECHNOLOGICAL HAZARDS      

Critical 

infrastructure 

failure 

Transportation system failure X     

Telecommunication system failure X     

Cyber incidents X     

Lifeline failures (e.g. electricity and 

gas lines) 

 X    

Dam/levee failures     X 

Explosion 

and pollution 

(disaster) 

Factory explosions X     

Fires/urban conflagrations  X    

Hazardous materials spill (including 

chemical, radiological and 

biological) 

 X    

Industrial pollution  X    

Urban/traffic pollution X     

Ground surface water pollution  X    

Toxic wastes X     

Nuclear radiation X     

Waste mass movement X     

VIOLENCE AND CONFLICT      

War / armed conflict / civil unrest X     

Terrorism X     
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Explosive / radiological attack X     

Fires and explosion  X    

Looting and illegal activities    X  

Vandalism    X  

SOCIAL/CULTURAL/ECONOMIC USES       

Tourism-related threats (e.g. sudden change in 

temperature and relative humidity and increased 

footfall from rising tourist numbers) 

   X  

Increase in recognition/prominence   X   

Ritual/spiritual/religious and associative uses X     

Fires and explosion (accidental)  X    

Occasional uses-related threats (e.g. concert 

vibration) 

 X    

DEVELOPMENT PRESSURE      

Land use change   X    

Constructions and infrastructure expansion (e.g. 

traffic and construction vibrations) 

 X    

Renewable/non-renewable energy facilities X     

Major visitor accommodation and associated 

infrastructure 

X     

Interpretative and visitation facilities X     

Large-scale/improper archaeological excavation  X    

Encroachment/illegal development X     

Mining activities X     
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For each hazard or threat rated 3, 4 or 5, please assess its possible consequences and rate their 

foreseeable/potential seriousness; add tables/lines as needed to cover your site’s most relevant 

hazards or threats. 

Table 3: Possible consequences 

Natural Hazard or Threat Possible Consequences Rating from 1 (less serious) 

to 5 (more serious) 

Tourism related threats Increased visitor footfall, as 

the site becomes free for 

public access, damaging 

masonry and infrastructure of 

the archaeology 

3 

Looting and illegal activity Masonry is removed and the 

integrity of the site is 

diminished/lost 

3 

Biological infestation Flora and fauna populate the 

excavations leading to 

collapse of masonry and 

preventing appropriate public 

access 

5 

Wind Large, over mature, 

trees/boughs and branches fall 

on masonry 

destroying/damaging 

archaeology 

4 

Intense Rainfall Lime mortar beds and joints 

are eroded leading to collapse 

of masonry 

5 

Dam Failure At Mellor Mill a collapse of 

the northern mill pond dam 

either through erosion or 

vandalism would cause 

flooding of all below ground 

level excavations destroying 

the visual amenity for visitors 

and putting masonry at risk of 

serious and rapid 

destruction/degradation. 

4 

Landslides Possible damage to standing 

masonry or partial fill of 

excavations - destroying the 

3 
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Please list the currently implemented monitoring systems that provide information concerning 

your site. Neighbouring weather agencies systems, e.g. Seismic Recording Stations, should be 

included in this list.  

NATIONAL AND REGIONAL WEATHER REPORTS AND WEEKLY VISUAL 

CHECKS ONLY 

The Mellor Mill and Iron age Ditch sites at Mellor are assessed by visual inspection on a 

weekly basis. This involves volunteers and a qualified archaeologist assesses the exposed 

archaeology on the three Mellor sites for damage. 

The nearest Meteorological Office weather stations to Mellor are at: 

Buxton (manual) – location 53.258, -1.912 at a height of 307 m AOD. 15 km south-east of 

Mellor 

Rochdale (automatic) – location 53.609, -2.177 at a height of 110 m AOD. 25 km north of 

Mellor 

Rostherne (automatic) - location 53.360, -2.381 at a height of 35 m AOD. 24 km west of 

Mellor 

Historical meteorological data is available via the Met office and was recorded at 

Manchester Airport (~17 km away from site) between 1960s and 2000s. There are no 

longer term records monitoring the ‘local weather’. 

There are multiple “amateur” weather stations within the vicinity with current conditions 

freely accessible via online meteorological “crowd-sourcing” websites such as the Met 

Office’s WOW website. Records from these stations may be available from owners upon 

request. One such station close to the site is operated, for educational purposes, by 

Stockport Grammar Secondary School (8.4 km from site) .  

Water levels/Discharge of the river Goyt are monitored, by the environment agency, at 

Marple bridge (2.6 km downstream of Mellor Mill) and also at Goytside Farm, New Mills 

(5.9 km upstream of Mellor Mill). 

The Environment agency and consultancies such as CH2M have developed mobile 

applications which can be used to alert members of Mellor Archaeological Trust if the sites 

(specifically the Mill site) are at risk of flooding. One such app “Flood alert” is available 

for free on IOS and Android, and it is capable of warning stakeholders about flooding from 

them entering their postcode within the application.  

visual amenity for visitors 

Extreme Temperature Freeze/thaw action degrades 

masonry 

5 

Vegetation Roots of vegetation 

penetrating masonry leading 

to destruction/degradation of 

the archaeology 

5 
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Do you observe changes in environmental hazards or threats? If yes, how they are 

manifested? (maximum 500 words) 

Changes to risk factors at Mellor have been observed. Changes to Rainfall, Temperature, 

Tourists and flooding have been observed. Recent years have shown, on average, little 

changes in the number of rain days, but a steady increase in the amount of rain falling on 

those rain days. This means that the risk from precipitation could change from those 

impacts from many rain-days (which historically would have been the major concern for 

sites in the UK), to those manifesting from heavy precipitation events. 

Moreover, air temperature changes have been observed in the United Kingdom which 

suggest that air temperatures are steadily rising. Records for the warmest month since 

records began are being broken year on year and there has been a clear rise in air 

temperatures compared with the 1960-90 average. As this air temperature increase occurs, 

the risk from air temperature rises also.  

As a result of recent funding the Mellor Archaeological Trust has improved accessibility of 

the site. Fences have been erected around the archaeology and signs posts are in place to 

inform tourists about the archaeology and history of the area. The fence panels improve the 

security of the site and warning signs mean people/visitors may be more cautious when in 

the area and therefore be more considerate to the archaeological relevance of the site. This 

could reduce the risk of vandalism, however, the increased tourism will lead to increased 

footfall in the area. This could negatively impact the risk of erosion as more people are 

walking on and around the site. 

Do you consider changes in environmental hazards or threats due to climate change? How 

could it reflect on your site (negative or positive impact)? (maximum 500 words) 

The biggest environmental change which is believed will impact the Mellor sites most 

significantly is changing rainfall patterns in the UK. Research shows that average rainfall in 

the UK is not changing substantially, but the seasonality of the rain is changing. For 

example, winters in the UK are becoming wetter, and summers, in most regions (including 

the North West of England, where Mellor is located), are becoming drier. What is also of 

concern is the increase in heavy precipitation events. Despite there not being significant 

change in the average rainfall that falls, if the intensity of the rain is greater the impact on 

the archaeology will be different. The fall in summer rainfall will likely reduce the impact 

of degradation of the lime mortars, whilst increasing winter rainfall will lead to more risk of 

freeze thaw action eroding the masonry. The risk of freeze thaw will, however, be 

dependent on the changes to air temperature and as a result, frost days. Therefore the risks 

from precipitation changes could be positive and negative at Mellor.  

Reduction in the number of summer rain days could lead to increased tourism at the site. 

Again this is both a positive and negative risk multiplier at Mellor. More tourism is great 

for archaeology and cultural heritage in the UK, however with increased tourism, the risks 

from erosion of the sites and footpaths, and vandalism increases.  

High wind as a result of storms is becoming more prevalent in the UK , this could increase 

the risk of wind felling trees/falling branches which could destroy the archaeology of the 

sites. These trees and branches could also block culverts which drain mill ponds into the 

River Goyt at the Mellor mill site, increasing the risk of this culvert blocking up and 
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potentially leading to flooding. 

9.1.3 Conditions 

Existing 

infrastructures 

Yes/No Previewed solutions Responsible for 

solutions 

Electricity NO Generators MAT 

Water NO Pumps MAT 

Gas NO Bottled MAT 

Internet NO Internet mast MAT 

 

 Yes No Signal 

strength 

Does cellular data coverage exist in your site?  

If positive describe (2G/3G/HSPA/HSPA+/4G-LTE) and 

indicate average signal strength (1: poor, 5:excellent): 

2G/3G  2-4 

In the areas to be monitored: 

 Yes No 

Does WiFi coverage exist?  X 

Does it provide internet access?   X 

Is there AC power available?  X 

If not, would it be possible to extend the power grid to that area?  X 

Can a secure (in terms of disturbance/theft/vandalism, etc.) position 

for the monitoring equipment be ensured? 

X  

9.1.4 Restrictions/Processes/Legislation 

What are the constraints of your site in terms of legislation?  
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(Ex: restrictions on a World Heritage Site or National Monument) 

None of the sites in within Mellor are protected by National planning legislation. 

What are the restrictions of your site? 

(Ex: prohibition of drilling holes on the ground on archaeological sites) 

None - with land owners permission holes and equipment can be fixed to, and around, the 

archaeology. 

What materials are forbidden or unadvised at your site? 

1. Explosives 

2. Gases 

3. Flammable Liquids 

4. Flammable Solids 

5. Oxidizing Substances 

6. Toxic & Infectious Substances 

7. Radioactive Material 

8. Corrosives 

9. Miscellaneous Dangerous Goods such as asbestos 

How to get authorization for the installation of equipment in your site? 

Authorisation to work and install equipment only needs to be agreed with the Mellor trust 

and various landowners of the sites. Landowners are on board with the project and will not 

object to equipment being installed, for the purposes of STORM, on the site. 

How long will it take to have permission to work in the site? 

Permission to work on the site will be granted immediately. 

9.1.5 Needs 

What areas of your site would it be useful to monitor (maximum of 4)? 

Mellor Mill Site: Masonry 

Old Vicarage: Iron Age Ditch 
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Old Vicarage: Reconstructed round house 

Shaw Cairn: Ground conditions. 

What are the situations that need to be monitored?  

Flooding 

Precipitation 

Storm conditions 

Temperature 

Visitor Activity 

Vegetation 

Theft/Vandalism 

Wind speed 

What are your technical needs to counteract the events? 

Movement sensor 

Rainfall sensor 

Temperature sensor 

Visitor counters 

Wind sensor 

Security devices cctv, internet connection 

9.1.6 Scenarios 

List and describe use cases and scenarios that may happen in your site. Scenarios including 

crisis and/or catastrophes and/or situations caused by extreme events should be included, if it 

is plausible that they may affect your site (e.g: nearby earthquakes, urgent situations causing 

crowd panic, etc.) 

Case 1 

INCREASED RAINFALL 

An increase in rainfall raises the levels of the mill ponds at Mellor Mill. This increases the 

volume of water flowing in the by-wash (overflow channel) carrying additional debris with 

it. The by-wash becomes blocked with debris and the mill ponds flood the Mellor Mill 
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excavations which are all situated below ground level, leading to potential collapse of 

structures. 

 

Case 2 

SEVERE ELECTRICAL STORMS AND HIGH WINDS 

A severe Electrical Storm brings down large trees adjacent to the Mellor Mill or Mellor 

Hilltop sites. At Mellor Mill the tree(s) damage/destroy delicate masonry and site 

infrastructure. At Mellor Hilltop the tree(s) damage site infrastructure. 

 

Case 3 

PROLONGED PERIODS OF LOW TEMPERATURES 

Prolonged periods of below freezing temperatures when masonry is wet. This causes 

damage and destruction of the exposed archaeology at Shaw Cairn, Mellor Mill and Mellor 

Hilltop site through freeze/thaw action. 

 

Case 4 

INCREASED HUMAN ACTIVITY 

As a result of climate monitoring and intervention measures access to visitors is improved. 

Additional footfall causing erosion of archaeology and infrastructure. Increased awareness 

of sites attracts more vandalism/theft 

 

Case 5 

DAMAGE TO NORTHERN MILLPOND DAM 

Damage to the Northern Millpond Dam either through erosion or vandalism causes 

inundation of the exposed archaeological remains. 
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9.2 Questionnaire of Baths of Diocletian 

9.2.1 Identification 

4. Name of site: Terme di Diocleziano 

5. ACRONYM: SS-COL 

6. Contact Person: Anna de Santis; Francesca Boldrighini; Marina Magnani Cianetti  

9.2.2 Site Exposure Profile 

What are the hazards and threats that are relevant for your site?  

Please evaluate with a scale from 1 (not relevant) to 5 (highly relevant).  

Please bear in mind that this section is about assessing the exposure of the site to extrinsic 

hazards and threats, be they natural or anthropogenic; it is not about the vulnerability of the 

site, i.e., intrinsic site features making it more or less vulnerable to specific hazards or threats. 

Site vulnerabilities will be assessed at a later stage. 

Table 1: Natural Hazards and Threats 

NATURAL HAZARDS AND THREATS 1 2 3 4 5 

GEOLOGICAL HAZARDS      

Earthquakes   x   

Mass 

movements 

Landslides x     

Land subsidence/liquefaction x     

Rockslides x     

Avalanches x     

Soil creep x     

Volcanic eruption x     

Erosion x     

HYDRO-METEOROLOGICAL HAZARDS       

Storms Cyclones/typhoons/hurricanes  x    

 Thunderstorms / lightning   x   
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 Hailstorms / ice storms /dust storms  x    

 Tornadoes  x    

 Strong winds   x   

 High waves x     

Flooding Flash floods x     

River / lake floods x     

Coastal floods x     

Mass movement dam-induced floods x     

Storm surges x     

Wildfires  x    

Tsunamis  x    

Extreme 

temperature 

Sea-level rises x     

Heat waves / cold waves   x   

Frost / freeze / snow loading   x   

Thermal shock x     

Salinization (e.g. salt-water intrusion)  x     

Change in freeze-thaw events      

Droughts  x    

Precipitation Intense rainfall   x   

Surface runoff x     

Altered water table x     

Changes in soil chemistry      
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Humidity cycle changes/relative 

humidity shocks 

     

Prolonged wet periods / prolonged dry 

periods 

     

Deforestation and desertification x     

Wind Wind   x   

Wind driven rain   x   

Wind driven particles: saline spray x     

Pollution and 

climate 

SO2, NO3 and O3 air concentration      

Ph precipitation  x    

Ocean acidification x     

Tides (tide currents and sea waves) x     

Solar radiation x     

BIOLOGICAL HAZARDS      

Animal stampede x     

Biological infestation (including insect, pest, fungal 

and vegetation infestation) 

   x  

Biological 

decomposition 

Proliferation of invasive species    x  

Spread of existing and new species of 

insects (e.g. termites) 

x     

Increase in mould growth    x  

Decline of original plant materials  x    

Table 2: Anthropogenic Hazards and Threats 

ANTHROPOGENIC HAZARDS AND 1 2 3 4 5 
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THREATS 

INDUSTRIAL/TECHNOLOGICAL HAZARDS      

Critical 

infrastructure 

failure 

Transportation system failure  x    

Telecommunication system failure  x    

Cyber incidents  x    

Lifeline failures (e.g. electricity and 

gas lines) 

 x    

Dam/levee failures x     

Explosion 

and pollution 

(disaster) 

Factory explosions      

Fires/urban conflagrations  x    

Hazardous materials spill (including 

chemical, radiological and 

biological) 

x     

Industrial pollution   x   

Urban/traffic pollution     x 

Ground surface water pollution x     

Toxic wastes x     

Nuclear radiation x     

Waste mass movement x     

VIOLENCE AND CONFLICT      

War / armed conflict / civil unrest   x   

Terrorism    x  

Explosive / radiological attack    x  

Fires and explosion   x   
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Looting and illegal activities   x   

Vandalism  x    

INAPPROPRIATE USES       

Tourism-related threats (e.g. sudden change in 

temperature and relative humidity and increased 

footfall from rising tourist numbers) 

 x    

Increase in recognition/prominence   x   

Ritual/spiritual/religious and associative uses x     

Fires and explosion (accidental)  x    

Occasional uses-related threats (e.g. concert 

vibration) 

  x   

DEVELOPMENT PRESSURE      

Land use change  x     

Constructions and infrastructure expansion (e.g. 

traffic and construction vibrations) 

 x    

Renewable/non-renewable energy facilities      

Major visitor accommodation and associated 

infrastructure 

 x    

Interpretative and visitation facilities  x    

Large-scale/improper archaeological excavation x     

Encroachment/illegal development  x    

Mining activities x     

For each risk factor rated 3, 4 or 5, please assess its possible consequences and rate their 

foreseeable/potential seriousness, as exemplified in the table below; add tables as needed to 

cover your site’s most relevant hazards and threats. 

Natural Hazard or Possible consequences Rating from 1 (less 

serious) to 5 (more 
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Threat serious) 

Earthquake Structural damage (light to serious); fall of 

materials 

3 

Thunderstroms/lightning Fires 

Falling of scaffoldings 

 

3 

3 

 

Strong winds Erosion of the walls surface 

Falling of trees  

Lifting of roof tiles 

3 

Extreme temperatures  Damage on materials due to expansion 

and shrinkage/cracks 

3 

Intense rainfall  Dilavation of materials 

Humidiy infiltrations into the walls and 

vaults 

3 

4 

 

Wind Abrasion 3 

Wind driven rain  Erosion on the walls  3 

Biological infestation Damage of wall plasters 4 

Proliferation of invasive 

species 

Damage of wall plasters 4 

Increase in mould 

growth 

Damage of wall plasters 4 

Industrial pollution Corrosion of surfaces 

Dirt 

3 

3 

Urban/traffic pollution Corrosion of surfaces 4 
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Dirt 
4 

Terrorism Explosions 

Strucutral collapse 

Fires 

5 

5 

5 

Explosive / radiological 

attack 

Strucutral collapse 

Fires 

5 

5 

Increase in 

recognition/prominence 

Wear and tear of the surfaces 3 

Occasional uses-related 

threats (e.g. concert 

vibration) 

Strucutral damage 

 

Occasional damages (on structures and 

museum objects) 

2 

2 

Please list the currently implemented monitoring systems that provide information concerning 

your site e.g. Seismic Recording Stations, should be included in this list.  

 Videosurveillance system  

 Anti-intrusion alarm system 

 Fire prevention system (with dectectors of smoke) 

 Seisimic recording of the area is provided by INGV (Istituto Nazionale di 

Geofisica e Vulcanologia, Sala Operativa Nazionale, based in Rome) 

Do you observe changes in environmental hazards or threats? If yes, how they are 

manifested? (maximum 500 words) 

Yes. In the last 8-10 years damage caused by humidity and vegetation has increased, as 

well as the erosion of the walls 

Do you consider changes in environmental hazards or threats due to climate change? How 

could it reflect on your site (negative or positive impact)? (maximum 500 words) 

Yes, increasing humidity is certainly one of the causes of damage of the walls, with 

increasing colonization of microorganisms. 

The increasing number of heavy storms and rains also affects the erosion and the corrosion 

of the mortars and of the walls 
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9.2.3 Infrastructure Conditions 

Existing 

infrastructures 

Yes/No Previewed solutions Responsible for 

solutions 

Electricity X  Dott.ssa Anna De 

Santis 

Water X  Dott.ssa Anna De 

Santis  

Gas X  Dott.ssa Anna De 

Santis 

Internet X (in some areas)  Dott.ssa Anna De 

Santis 

Sensors and systems   Dott.ssa Anna De 

Santis 

 

 Yes No Signal strength 

Does cellular data coverage exist in your site?  

If positive describe (2G/3G/HSPA/HSPA+/4G-LTE) and 

indicate average signal strength (1: poor, 5:excellent): 

X  2 to 5 

depending on 

the areas 

Which technologies (sensors/systems/tools/applications/equipments) do you envisage you 

need to monitor your site risks and threads? 

The most important tools to monitor the risks in our site would be: 

 1) sensors to detect vibrations and movements of walls and materials (bricks, tiles etc.)  

2) sensors to detect the development of microorganisms in areas particularly affected by 

humidity 

In the areas to be monitored: 

 Yes No 

Does WiFi coverage exist?  x 

Does it provide internet access?   x 
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Is there AC power available? X  

If not, would it be possible to extend the power grid to that area?   

Can a secure (in terms of disturbance/theft/vandalism, etc.) position for 

the monitoring equipment be ensured? 

X  

9.2.4 Restrictions/Processes/Legislation (in relation to technical installation) 

What are the constraints of your site in terms of legislation?  

(Ex: restrictions on a World Heritage Site or National Monument) 

The site is both a National Monument as well as part of the historical centre of Rome 

(UNESCO site) 

What are the restrictions of your site? 

(Ex: prohibition of drilling holes on the ground on archaeological sites) 

We avoid to drill holes in the ancient walls; and also on the ground if not strictly necessary 

for the maintenance of the ancient building 

What materials are forbidden or unadvised at your site? 

We usually try to use as much as possible traditional materials and techniques, and to avoid 

the use of reinforced concrete etc. But specific decisions are taken for each different case.  

How to get authorization for the installation of equipment in your site? 

The architects and the archaeologists of the Soprientendenza have the power to authorize 

themselves works to be performed in the Archaeological Area 

How long will it take to have permission to work in the site? 

Permission is immediate 

9.2.5 Needs 

What areas of your site would it be useful to monitor (maximum of 4)? 

Michelangelo’s Cloister and small cloisters 

Halls I,II, IV (interiors and exteriors) 
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What are the situations that need to be monitored?  

In the cloisters increasing humidity should be monitored, as it affects more and more 

mortars and plasters 

In the halls of the Roman Baths vibrations produced by car and underground traffic as well 

as the stability of the Roman structures and walls 

What are your technical (?) needs to counteract the events? 

Concerning the structural damages to be monitored in the Halls of the Baths the technical 

needs are sensors for the early detections of movements/changes in the structure (LIDAR 

scanning? Optical fibers?) 

Concerning the humidity problems in the halls we also need an early detection of moulds 

and microorganisms growth (optical fibers or other type of sensors??) 

9.2.6 Scenarios 

List and describe use cases and scenarios that may happen in your site. Scenarios including 

crisis and/or catastrophes and/or situations caused by extreme events should be included, if it 

is plausible that they may affect your site (e.g: nearby earthquakes, urgent situations causing 

crowd panic, etc.). 

Scenario #1: Erosion and fall of materials (Halls I, II, IV).  

Halls I, II and IV of Diocletian Baths are particularly exposed to strong winds and rains, 

causing erosion on the ancient surfaces. As no monitoring system is in place, erosion can 

produce great damage and fall of materials from the walls, causing great damage in an area 

open to the public.  

Challenge #1. The implementation of a non-invasive and cost effective monitoring system 

would allow technicians and restorers to have a daily updated overview of the situation. 

Thus, maintenace works could be started before the damage on the ancient walls becomes 

invasive, and further damage with fall of materials could be easily prevented. The most 

challenging aspect of the scenario is probably the height of the structure; placing (and 

repairing) sensors on some parts of it can be a difficult task; it will be therefore important to 

choose small and easily manageable sensors; they should also be as non-invasive as 

possbile, so as not to damage the structure and not to spoil its appearance. 

  

Scenario #2: Humidity rising from the ground.  

Due to the climate changes Michelangelo’s cloister is increasingly affected by humidity, 

which can produce great damages both on the plasters as well as on the stability of the 

walls.  

Challenge #2. As for the first scenario, the installation of a monitoring system would be 
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highly useful for the early detection of infestations and pests and for the prevention of 

damages. Also in this case it will be important to use non invasive sensors to avoid spoiling 

the original structure and aspect of the Reinassance walls. 

 

Scenario #3: A small earthquake strikes Rome.  

After a low/medium-intensity earthquake, the guardians of the Baths of Diocletian have the 

feeling that part of an high vault is differently shaped than before. Having in mind that such 

changes could be precursors of imminent collapse, they call the fire service, the only 

available expertise at the moment. Firemen are used at taking decisions and provisional 

measures while having access to only a fraction of the needed information, however this 

case is worse than the average: the actual shape of an ancient building is the result of long-

standing overlapping deformations which could anyhow maintain its balance, but could be 

easily unbalanced by a provisional measure (e.g., shoring) hastily applied. (scenario #2 

could also apply to the expertise of architects and techincians of the Soprintendenza, which 

could benefit of the laser scanning as well) 

Challenge #3: LIDAR and 3D cloud of points use in emergency for cultural heritage. 

Competent Authorities use quite frequently LIDAR scanning to obtain 3D cloud points to 

assess the status of cultural heritage buildings. If two or more 3D cloud of points of the 

same monument collected in different periods were available, it would be possible to 

compare them applying change-detection techniques, so as to highlight changes occurred 

over time. Having a software able to apply such technique and a previously stored 3D cloud 

of points of the same monument, first responders and technicians could retrieve the 

available cloud of points, use a LIDAR to scan the monument and apply the change-

detection SW to highlight new deformations of the building and issue a sound evaluation of 

the imminent risk.  

While LIDAR is widely used in the cultural heritage sector, the 3D cloud of points obtained 

through such scans cannot normally benefit the scenario described above: most often, soon 

after the completion of the assessment, such data remain stored in a computer not to be used 

any more. To allow timely access to such data, each 3D cloud of points should fulfil the 

following conditions: (a) its features (e.g. date, location, type, coverage, density, format) 

should be properly catalogued, stored and made accessible from a common service; (b) it 

should be stored using a common and widely accepted standard (format); (c) it should be 

subject to a procedure to manipulate the clouds of points and store them differentiating the 

densities so as to allow a fast retrieval of the data, while maintaining the level of accuracy 

needed for the scope (e.g., lowest density for wide areas devoid of actual damages, higher 

one for uneven surfaces (bricks and patched plaster), up to the highest density for known 

cracks); (d) could (possibly) be generated applying specific conversion SW to most 

available cloud of 3D points created by past LIDAR scanning; and the change-detection 

SW should be able to:(e) scan the concerned volume and allow the application of such 

change detection technique to areas of different point-densities and resulting accuracy, 

anyhow: - detecting progressing movement of surfaces over low density cloud (i.e. a 

flattened vault whose rise is sensibly reduced while its large area hides the deformation), - 

highlighting abrupt changes over uneven surfaces covered by medium density cloud (i.e. 

the expulsion of single bricks from a wall), or - ascertaining the extent of millimetre-wide 

modifications of previously known damages covered by high density cloud (i.e. the 

widening of cracks)1, and possibly (f) detect change of surface colour, e.g., to highlight 
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higher humidity; Moreover: (g) a wide dissemination campaign should be launched to 

gather consensus over the chosen standard; and (h) (possibly) a piece of regulation should 

be issued to impose such common standard to any future LIDAR-scan concerning cultural 

heritage assets. 

On a Sunday afternoon, when our Museum is particularly crowded thanks to the free 

entrance, a violent thunderstorm causes the sudden collapse of a scaffolding lining one of 

the sides of the cloister. Firemen, removing the debris of the falled scaffolding, not 

knowing it has falled over roman architectural fragments which were on display in the area, 

cause unnecessary damage. 

 

STORM scenario #4: Emergency in the Museum Area.  

Firemen fight against a fire caused by a thunder in the garden of the Museum, which has 

stretched to the building as well. They pump water which falls down to the area of the 

cloister, damaging the valuable frescoes preserved in the area.  

Challenge #4: The above mentioned scenario highlights the level of damages which could 

be avoided if first responders are aware a cultural heritage asset is involved. Whenever a 

cultural heritage asset is involved into an emergency (e.g., flood, fire, earthquake, 

collapse,…), the first responders should be fully aware of it, so as to steer their decisions 

accordingly. Unfortunately, this is not always the case. First responders awareness would 

be systematically improved if their Control Centres implemented a service able to raise an 

alert whenever an incident falls within a certain distance from cultural heritage assets. Such 

alert should be presented to the Control Centre operator and sent to previously identified 

contact points into the Authority competent over the concerned Cultural Heritage asset, so 

as sto ease and speed contacts with them, which are now usually slow and difficult. Lists of 

Cultural heritage assets are stored in several databases, which use different formats, 

protocols and access policies. As it stands, each database is not able to share its data with 

the others and no service is available to access all of them simultaneously. As a result, there 

is a need of: (a) a common standard (format) suitable to embed data regarding the different 

type of cultural heritage assets, while remaining flexible and light. Such a standard, if 

widely accepted, could strongly facilitate the exchange of data between the numerous silos 

of data; (b) a service for the first responders control centres to access such content over 

different databases through the same data exchange protocol and present them over a 

common interface so as to make them readable; (c) a wide dissemination campaign to 

gather consensus over the chosen standard; (d) (possibly) a piece of regulation aimed at 

imposing such common standard to any future categorisation work concerning cultural 

heritage assets. 
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9.3 Questionnaire of Historical Centre of Rethymno 

9.3.1 Identification 

7. Name of site: FORTEZZA AND OLD TOWN OF RETHYMNO 

8. ACRONYM:EFARETH 

9. Contact Person: Kostas Giapi 

9.3.2 Site Exposure Profile 

What are the hazards or threats that are relevant for your site?  

Please evaluate with a scale from 1 (not relevant) to 5 (highly relevant).  

Please bear in mind that this section is about assessing the exposure of the site to extrinsic 

hazards and threats, be they anthropogenic or environmental; it is not about the vulnerability 

of the site, i.e., intrinsic site features making it more or less vulnerable to specific hazards. 

Site vulnerabilities will be assessed at a later stage. 

Table 1: Natural Hazards and Threats 

NATURAL HAZARDS AND THREATS 1 2 3 4 5 

GEOLOGICAL HAZARDS      

Earthquakes   x   

Mass 

movements 

Landslides   x   

Land subsidence/liquefaction x     

Rockslides    x  

Avalanches      

Soil creep x     

Volcanic eruption x     

Erosion   x   

HYDRO-METEOROLOGICAL HAZARDS       

Storms Cyclones/typhoons/hurricanes x     

 Thunderstorms / lightning x     
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 Hailstorms / ice storms /dust storms x     

 Tornadoes x     

 Strong winds    x  

 High waves    x  

Flooding Flash floods   x   

River / lake floods      

Coastal floods    x  

Mass movement dam-induced floods x     

Storm surges  x    

Wildfires x     

Tsunamis   x   

Extreme 

temperature 

Sea-level rises x     

Heat waves / cold waves  x    

Frost / freeze / snow loading  x    

Thermal shock x     

Salinization (e.g. salt-water intrusion)   x    

Change in freeze-thaw events x     

Droughts x     

Precipitation Intense rainfall   x   

Surface runoff  x    

Altered water table x     

Changes in soil chemistry x     
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Humidity cycle changes/relative 

humidity shocks 

  x   

Prolonged wet periods / prolonged dry 

periods 

 x    

Deforestation and desertification x     

Wind Wind    x  

Wind driven rain   x   

Wind driven particles: saline spray   x   

Pollution and 

climate 

SO2, NO3 and O3 air concentration x     

Ph precipitation x     

Ocean acidification      

Tides (tide currents and sea waves)    x  

Solar radiation   x   

BIOLOGICAL HAZARDS      

Animal stampede x     

Biological infestation (including insect, pest, fungal 

and vegetation infestation) 

 x    

Biological 

decomposition 

Proliferation of invasive species  x    

Spread of existing and new species of 

insects (e.g. termites) 

x     

Increase in mould growth x     

Decline of original plant materials x     

Table 2: Anthropogenic Hazards 

ANTHROPOGENIC HAZARDS AND 1 2 3 4 5 
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THREATS 

INDUSTRIAL/TECHNOLOGICAL HAZARDS      

Critical 

infrastructure 

failure 

Transportation system failure x     

Telecommunication system failure x     

Cyber incidents x     

Lifeline failures (e.g. electricity and 

gas lines) 

x     

Dam/levee failures x     

Explosion 

and pollution 

(disaster) 

Factory explosions x     

Fires/urban conflagrations  x    

Hazardous materials spill (including 

chemical, radiological and 

biological) 

x     

Industrial pollution x     

Urban/traffic pollution x     

Ground surface water pollution x     

Toxic wastes x     

Nuclear radiation x     

Waste mass movement x     

VIOLENCE AND CONFLICT      

War / armed conflict / civil unrest x     

Terrorism x     

Explosive / radiological attack x     

Fires and explosion x     
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Looting and illegal activities x     

Vandalism   x   

SOCIAL/CULTURAL/ECONOMIC USES       

Tourism-related threats (e.g. sudden change in 

temperature and relative humidity and increased 

footfall from rising tourist numbers) 

 x    

Increase in recognition/prominence  x    

Ritual/spiritual/religious and associative uses x     

Fires and explosion (accidental) x     

Occasional uses-related threats (e.g. concert 

vibration) 

 x    

DEVELOPMENT PRESSURE      

Land use change  x     

Constructions and infrastructure expansion (e.g. 

traffic and construction vibrations) 

x     

Renewable/non-renewable energy facilities x     

Major visitor accommodation and associated 

infrastructure 

x     

Interpretative and visitation facilities x     

Large-scale/improper archaeological excavation x     

Encroachment/illegal development x     

Mining activities x     

For each hazard or threat rated 3, 4 or 5, please assess its possible consequences and rate their 

foreseeable/potential seriousness; add tables/lines as needed to cover your site’s most relevant 

hazards or threats. 

Table 3: Possible consequences 
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Natural Hazard or 

Threat 

Possible consequences Rating from 1 (less serious) 

to 5 (more serious) 

Earthquakes Structural Cracks  3 

Deformations 

Partial Collapse 

3 

Rockslides Fracture and collapse of the 

fortification wall of the Fortress 

4 

Erosion Possible collapse of the fortification 

wall of the Fortress 

3 

Strong winds Destruction of the mortar among 

the carve stones 

4 

acceleration of moisture 

evaporation leading to degradation 

4 

lifting of roof tiles 4 

falling of trees 4 

abrasion 4 

High waves Destruction of infrastructures 4 

Intrusion of salt water in coastal 

residences 

4 

Flash floods Erosion of structures 3 

Deterioration of construction 

materials 

3 

Destruction of infrastructures 3 

Coastal floods Destruction of infrastructures 3 

Intrusion of salt water in coastal 

residences 

3 
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Tsunamis Fracturing of structures 3 

Collapse of buildings 3 

Intense rainfall Deterioration of construction 

materials 

3 

Erosion of structures 3 

Erosion of soil and building 

foundations 

3 

Humidity cycle 

changes/relative 

humidity shocks 

Biological colonisation 3 

Deterioration of construction 

materials 

3 

Wind Falling of trees 3 

Lifting of roof tiles 3 

Wind driven rain Acceleration of moisture 

evaporation leading to degradation 

3 

Wind driven particles: 

saline spray 

Destruction of the mortar among 

the carve stones 

3 

Tides (tide currents 

and sea waves) 

Destruction of infrastructures 3 

Intrusion of salt water in coastal 

residences 

3 

Solar radiation Deterioration of the colors and the 

polish of wooden parts of the 

buildings 

3 

Vandalism Graffiti on the walls 4 

Please list the currently implemented monitoring systems that provide information concerning 

your site. Nearby weather agencies systems, e.g. Seismic Recording Stations, should be 

included in this list.  

 Accerelometer of the Geodynamic Institute of the National Observatory of Athens 

into the Ottoman bastion 
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 Glass plaques used for monitoring cracks caused by deterioration 

 Geophysical survey (electrical tomography- radar) by the laboratory of the GeoSat 

ReSeArch lab of IMS-FORTH, in collaboration with EFARETH 

 Weather station 

Do you observe changes in environmental hazards or threats? If yes, how they are 

manifested? (maximum 500 words) 

In the last years we observe some changes due to environmental risk factors. There are 

stronger winds that affect larger sea water masses, while the height of the waves increases 

relatively to the mean sea water rise. At the same time strong winds increase the quantity of 

the saline spray. Furthermore we observe storms, stronger and larger in intensity, 

sometimes during spring. Another environmental risk factor which is observed in our 

region is the increase of the solar radiation and the temperature during summer, which is 

manifested with stronger and greater in duration heat waves and more warm months during 

the year.  

Do you consider changes in natural hazards or threats due to climate change? How could it 

reflect on your site (negative or positive impact) ? 

The impact of the changes in environmental risk factors, due to climate change, is negative 

for the Historical centre of Rethymno. The strong winds have the following effects: 1. The 

flooding of the northern coastal zone of the historical centre. 2. The destruction of coastal 

infrastructure. 3. The coastal erosion and 4. The intrusion of salt water in coastal residences 

and bigger quantity of saline spray in the Fortezza Fortress. The storms with their strong 

intensity deteriorate the state of preservation both of the old buildings which have not been 

restored lately and the walls of the fortress. The combination of storms and winds destruct 

the mortar among the carve stones with the result of increasing the vegetation. Furthermore 

the roots of the plants increase the erosion of the stones. The solar radiation intensify the 

deterioration of the colors and the polish both in old and new wooden parts of the buildings. 

As of the temperature, the intense temperature changes  affects negatively to the 

monuments, as cracks of stones, bricks and plasters. 

9.4 Conditions 

Existing 

infrastructures 

Yes/No Previewed solutions Responsible for 

solutions 

Electricity 
Historical centre: 

Yes  

Fortress:Yes  

 City: Privates Public, 

Fortress:Municipality 

Water 
Historical centre: 

Yes  
 City: Privates Public, 

Fortress:Municipality 
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Fortress:Yes  

Gas No   

Internet 
Historical centre: 

Yes  

Yes  

 City: Privates Public, 

Fortress:Municipality 

 Yes   

 Yes No Signal strength 

Does cellular data coverage exist in your site?  

If positive describe (2G/3G/HSPA/HSPA+/4G-LTE) and 

indicate average signal strength (1: poor, 5:excellent): 

X  4G-LTE 

3 

In the areas to be monitored: 

 Yes No 

Does WiFi coverage exist? X  

Does it provide internet access?  X  

Is there AC power available? X  

If not, would it be possible to extend the power grid to that area? X  

Can a secure (in terms of disturbance/theft/vandalism, etc.) position for 

the monitoring equipment be ensured? 

X  

9.4.1 Restrictions/Processes/Legislation (in relation to technical installation) 

What are the constraints of your site in terms of legislation? 

(Ex: restrictions on a World Heritage Site or National Monument) 

The historical centre of Rethymno has been declared: 

 A) a historical monument by the following Decisions of the Minister of Culture and Sports: 
ΥΑ 24946/26-8-1967 (ΦΕΚ 606/Β/3-10-1967)- ΥΑ Β1/Φ38/1944/676/12-08-1991 (ΦΕΚ 

700/Β/30-8-1991)-ΥΑ ΑΡΧ/Β1/Φ38/ΚΗΡ/38329/1152/31-1997 (ΦΕΚ 753/Β/28-8-1997) 

and on that ground is subjected to the provisions of the Archaeological Law (Ν 3028/02 

(ΦΕΚ 153/Α/28-06-02) “For the Protection of the Antiquities and in general the Cultural 
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Heritage”) 

B) a traditional settlement by the P.D. 25/10/1984(ΦΕΚ30Δ/14-2-1985), with which are 

checked the land uses and the way we operate in cases of buildings and public areas of the 

Old Town. 

It should be also mentioned that the historical centre of Rethymno was previously on 

tentative list of World Heritage. 

What are the restrictions of your site? 

(Ex: prohibition of drilling holes on the ground on archaeological sites) 

For any actions to be taken at the Fortezza fortress, which is property of the Municipality of 

Rethymnon, a prior permission of the EFARETH is needed. 

 The same applies for private and public buildings of the historical centre of Rethymnon, 

which has been declared a historical monument.  

What materials are forbidden or unadvised at your site? 

At the buildings’ facades the following materials are not permitted: marble, aluminum 

(frames, awnings e.t.c.),  

How to get authorization for the installation of equipment in your site? 

The permission for installation of equipment is given by the responsible authority, which is 

EFARETH 

How long will it take to have permission to work in the site? 

For minor works the permission of EFARETH is required, so it could take from 1 day to 

one week. For medium level works permission of the local council for antiquities is 

required.  

In that case the decision by EFARETH takes more than one month. For major works 

permission of the central archaeological council is required and the decision must be 

officially signed by the Minister of Culture and Sports. 

9.4.2 Needs 

What areas of your site would it be useful to monitor (maximum of 4)? 

Τhe wall of the Fortezza Fortress 

The lighthouse of the Venitian harbour 

Rimondi fountain (old city centre), 
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A soap factory (old city centre) 

 

What are the situations that need to be monitored? 

Erosion, Seismic activity, Fire, Inundation, Humidity, Precipitation, Vegetation, Intense 

Temperature change. 

What are your technical (?) needs to counteract the events? 

Database for damage assessment that can be integrated into a WEB GIS platform and can 

take into account the time sequence of measurements from the various sensors. 

A user friendly WEB_GIS solution for risk assessment monitoring and site management.  

9.4.3 Scenarios 

List and describe use cases and scenarios that may happen in your site. Scenarios including 

crisis and/or catastrophes and/or situations caused by extreme events should be included, if it 

is plausible that they may affect your site (e.g: nearby earthquakes, urgent situations causing 

crowd panic, etc.). 

Case 1 

Late at night, during a music event, at the Fortezza fortress, a fire bursts out. 

When the Fire Department arrives, the flames have already reached to the Councilor’s 

Residence, where is hosted the Laboratory of Conservation of the EFARETH.  

Being unaware of the use of building, the firemen use abundant amounts of water, in order 

to prevent the flames to expand at the interior of the building. 

 As a result, the byzantine icons and the wooden temples with relief decoration, which are 

being under conservation process, at the laboratory, are destroyed.  

 

Case 2 

In January, when strong rainfalls often take place, an uninhabited building of the Venetian 

period, which is located in the Old Town collapses. As the neighbors don’t know the 

owners of the building, they call the Technical Service of the Municipality, which at first 

block the area and subsequently, in short processes, use a heavy excavator, in order to 

remove the debris of the building and restore the vehicle traffic.  

Nevertheless, among the debris is the relief decoration of the doors and the windows of the 

building. At the same time, they demolish its crumbliness parts with a hammer, without 

take into consideration the remaining sculptured relief of the building. 
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Case 3 

A restoration programme of the Fortezza Fortress takes place. According to the analysis of 

materials that were used during the construction of the fortress, consolidation materials of 

the same type are used as there were used also in past restorations and presented good 

results. However, due to intense temperature changes, the materials used for this restoration 

present immediate deteriorations, as well as the initial ones and these of the previous 

restorations. 
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9.5 Questionnaire of the Roman Ruins of Tróia 

9.5.1 Identification 

10. Name of site: Tróia 

11. ACRONYM: TRO 

12. Contact Person: Inês Vaz Pinto 

9.5.2 Site Exposure Profile 

What are the hazards and threats that are relevant for your site?  

Please evaluate with a scale from 1 (not relevant) to 5 (highly relevant).  

Please bear in mind that this section is about assessing the exposure of the site to extrinsic 

hazards and threats, be they natural or anthropogenic; it is not about the vulnerability of the 

site, i.e., intrinsic site features making it more or less vulnerable to specific hazards or threats. 

Site vulnerabilities will be assessed at a later stage. 

Table 1: Natural Hazards and Threats 

NATURAL HAZARDS AND THREATS 1 2 3 4 5 

GEOLOGICAL HAZARDS      

Earthquakes     x 

Mass 

movements 

Landslides   x   

Land subsidence/liquefaction x     

Rockslides x     

Avalanches x     

Soil creep x     

Volcanic eruption x     

Erosion: coastal erosion     x 

HYDRO-METEOROLOGICAL HAZARDS       

Storms Cyclones/typhoons/hurricanes x     

 Thunderstorms / lightning x     
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 Hailstorms / ice storms /dust storms x     

 Tornadoes x     

 Strong winds: local storms   x   

 High waves x     

Flooding Flash floods x     

River / lake floods x     

Coastal floods  x    

Mass movement dam-induced floods x     

Storm surges x     

Wildfires x     

Tsunamis     x 

Air 

temperature 

& humidity 

Sea-level rises     x 

Heat waves / cold waves  x    

Frost / freeze / snow loading x     

Thermal shock x     

Salinization (e.g. salt-water intrusion)   x    

Change in freeze-thaw events x     

Rising damp   x   

Droughts x     

Precipitation Intense rainfall   x   

Surface runoff x     

Altered water table      
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Changes in soil chemistry x     

Humidity cycle changes/relative 

humidity shocks 

   x  

Prolonged wet periods / prolonged dry 

periods 

x     

Deforestation and desertification x     

Wind Wind   x   

Wind driven rain   x   

Wind driven particles: saline spray     x 

Pollution and 

climate 

SO2, NO3 and O3 air concentration x     

Acid rain x     

Ocean acidification x     

Tides (tide currents and sea waves)     x 

Solar radiation    x  

BIOLOGICAL HAZARDS      

Animal stampede x     

Biological colonization (including pest, 

microorganisms and vegetation infestation) 

   x  

Biological 

decomposition 

Proliferation of invasive species x     

Spread of existing and new species of 

insects (e.g. termites) 

x     

Increase in algae, bacteria, fungi 

and/or moss growth 

x     

Decline of original plant materials x     
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Table 2: Anthropogenic Hazards and Threats 

ANTHROPOGENIC HAZARDS AND 

THREATS 

1 2 3 4 5 

INDUSTRIAL/TECHNOLOGICAL HAZARDS      

Critical 

infrastructure 

failure 

Transportation system failure x     

Telecommunication system failure x     

Cyber incidents x     

Lifeline failures (e.g. electricity and 

gas lines) 

x     

Dam/levee failures    x  

Explosion 

and pollution 

(disaster) 

Factory explosions x     

Fires/urban conflagrations x     

Hazardous materials spill (including 

chemical, radiological and 

biological) 

 x    

Industrial pollution  x    

Urban/traffic pollution x     

Ground surface water pollution x     

Toxic wastes x     

Nuclear radiation x     

Waste mass movement x     

VIOLENCE AND CONFLICT      

War / armed conflict / civil unrest x     

Terrorism x     
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Explosive / radiological attack x     

Fires and explosions x     

Looting and illegal activities  x    

Vandalism    x  

INAPPROPRIATE USES       

Tourism-related threats (e.g. sudden change in 

temperature and relative humidity; increased footfall) 

 x    

Increase in recognition/prominence   x   

Inappropriate ritual/spiritual/religious and associative 

uses 

x     

Accidental damage  x    

Occasional use-related threats (e.g. concert vibration)  x    

DEVELOPMENT PRESSURE      

Land use change  x     

Constructions and infrastructure expansion (e.g. 

traffic and construction vibrations) 

x     

Renewable/non-renewable energy facilities x     

Major visitor accommodation and associated 

infrastructure 

x     

Interpretative and visitation facilities x     

Large-scale/improper archaeological excavation  x    

Encroachment/illegal development x     

Mining activities x     
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For each hazard and threat rated 3, 4 or 5, please assess its possible consequences and rate 

their foreseeable/potential seriousness; add tables/lines as needed to cover your site’s most 

relevant hazards and threats. 

 

Table 3: Possible consequences 

Natural Hazard or 

Threat 

Possible consequences Rating from 1 (less 

serious) to 5 (more serious) 

Earthquakes Fracturing of structures 5 

Complete collapse of the buildings 5 

Landslides Fracture and collapse of 

archaeological structures 

4 

Coastal Erosion Fracture and collapse of 

archaeological structures 

5 

Removal of archaeological contexts 

(loss of stratigraphy) 

5 

Erosion of archaeological objects 5 

Exposure of structures that were 

buried in the sand 

5 

Falling of trees rooted on structures 3 

Falling of trees over structures 3 

Strong winds: local 

storms (combination of 

heavy rainfall and high 

intensity wind) 

Falling of construction elements 3 

Lifting of protective roofs and 

sheds 

3 

Flooding of rooms and 

vats/cetariae 

3 

Tsunamis Fracturing of structures 5 

Complete collapse of the buildings 5 
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Air temperature & 

humidity: sea-level rise 

Fracture and collapse of 

archaeological structures 

5 

Removal of archaeological contexts 

(loss of stratigraphy) 

5 

Erosion of archaeological objects 5 

Exposure of structures that were 

buried in the sand 

5 

Falling of trees rooted on structures 3 

Falling of trees over structures 3 

Air temperature & 

humidity: rising damp 

Salt transport in the Basilica 4 

Salt transport in other structures 3 

Precipitation: intense 

rain fall 

Erosion of pavements and top of 

walls 

4 

Fracture of structures caused by 

infiltrations 

4 

Accumulation of moisture causing 

the softening of building materials 

4 

Precipitation: humidity 

cycles 

Moistening of construction 

elements 

3 

Moistening of wall paintings 3 

Biological colonization 3 

Deterioration of archaeological 

materials (metal, pottery, bone, 

etc.) 

3 

Wind  Lifting of protective roofs and 

sheds 

2 

Acceleration of moisture 

evaporation leading to deterioration 

4 
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and erosion 

Wind driven particles: 

saline spray 

Deterioration of materials, 

including stone, mortars and 

stuccoes 

5 

Tidal and river currents 

and sea waves 

Fracture and collapse of 

archaeological structures  

5 

Removal of archaeological contexts 

(loss of stratigraphy) 

5 

Erosion of archaeological objects 5 

Exposure of structures that were 

buried in the sand  

5 

Moistening and drying of 

construction elements (specially 

mortars and soft stones) twice a day 

5 

Falling of trees rooted on structures  3 

Falling of trees over structures 3 

Moistening of wall paintings 3 

Biological colonization 3 

Solar radiation Discolouration of the wall paintings 5 

Vegetation  Rupture of buried structures by root 

action 

4 

Destruction of excavated structures, 

including walls, pavements, 

mortars, etc. 

4 

Biological colonization 

(fungal) 

Deterioration of the wall paintings, 

and especially painted layers  

4 

Deterioration of construction 

elements 

3 

Biological infestation: 

pests (insects, rodents, 

Nests that create holes inside the 

walls and pavements by wasps, 

3 
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birds or other animals) ants, mice and rabbits 

Anthropogenic Hazard 

or Threat 

Possible consequences Rating from 1 (less 

serious) to 5 (more serious) 

Dam failure Catastrophic river currents 5 

Vandalism/looting/theft Destruction of structures or parts 

thereof 

4 

Loss of architectonic elements (ex: 

marble elements, column bases, 

etc.) 

4 

Loss of archaeological objects still 

in the field. 

4 

Loss of protective elements like 

cloth, wooden elements or covering 

tiles. 

1 

Graffiti (painted and scratched) 4 

Arson 3 

Bonfires on or next to the 

archaeological structures 

3 

Increase in 

recognition/prominence 

Increment of vandalism 3 

Please list the currently implemented monitoring systems that provide information concerning 

your site. Neighbouring weather agencies systems, e.g. Seismic Recording Stations, should be 

included in this list.  

 Weather Station in a neighbouring area in Tróia (records for the past 10 years) 

 Monitoring of phreatic levels  

 Tide gauge in the Marina of Tróia 

 Seismic monitoring (information requested to the IPMA (Instituto Português do Mar 

e da Atmosfera) but no answer up to this day) 

Do you observe changes in environmental hazards? If yes, how they are manifested? 

(maximum 500 words) 

Yes. The tides seem to have been higher in the past years. 
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Do you consider changes in environmental hazards or threats due to climate change? How 

could it reflect on your site (negative or positive impact)? (maximum 500 words) 

The erosion on the shoreline of the site is certainly due to the rise of sea level in the last 

2000 years (estimated to 0.5m), but we do not observe any significant changes in that risk 

factor in the last 10 years. 

9.5.3 Conditions 

Existing 

infrastructures 

Yes/No Previewed solutions Responsible for 

solutions 

Electricity No Solar energy 

equipment? 

To be discussed 

Water No   

Gas No   

Internet No Hot spot? To be discussed 

 

 Yes No Signal strength 

Does cellular data coverage exist in your site?  

If positive describe (2G/3G/HSPA/HSPA+/4G-LTE) and 

indicate average signal strength (1: poor, 5: excellent). 

x  5 

In the areas to be monitored: 

 Yes No 

Does WiFi coverage exist?  x 

Does it provide internet access?  x 

Is there AC power available?  x 

If not, would it be possible to extend the power grid to that area?   

Can a secure (in terms of disturbance/theft/vandalism, etc.) position 

for the monitoring equipment be ensured? 

x  
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9.5.4 Restrictions/Processes/Legislation 

What are the constraints of your site in terms of legislation?  

(Ex: restrictions on a World Heritage Site or National Monument) 

The site has the restrictions of the following classifications:  

 National Monument (decree 16 June 1910) with a Special Zone of Protection (Zona 

Especial de Protecção) and an area non aedificandi (DG, 2ª Série, Nº 155 de 

02/07/1968; Portaria nº 40/92 de 22 de Janeiro; Portaria nº 1170/2009 de 5 

Novembro). 

 Rede Natura 2000 (Site PTCON0011– Estuaire du Sado (Res. Cons. Min. nº 142/97, 

de 28 de Agosto)) 

 Reserva Ecológica Nacional (REN) (National Ecological Reserve) 

What are the restrictions of your site? 

(Ex: prohibition of drilling holes on the ground on archaeological sites) 

Any intrusive intervention requires previous authorization from the National Heritage 

authorities (DGPC - Direcção Geral do Património Cultural). An intrusive intervention is 

the one that affects archaeological structures or the soil of the site. 

What materials are forbidden or unadvised at your site? 

No specific list of forbidden materials exists, but they should not affect the archaeological 

structures and the general Portuguese Law must be respected.  

How to get authorization for the installation of equipment in your site? 

The installation of a monitoring system is not contemplated in the present legislation, and it 

does not require permission as long as it does not affect the archaeological structures. 

 

If it does affect the archaeological structures, a direct request should be done to the National 

Heritage authorities (to the Direcção Geral do Património Cultural through the Direcção 

Regional de Cultura do Alentejo). 

How long will it take to have permission to work in the site? 

The installation of a monitoring system is not contemplated in the present legislation, and it 

does not require permission as long as it does not affect the archaeological structures. 

 

If a permission is necessary, one month will be sufficient to obtain an official authorization. 

9.5.5 Needs 

What areas of your site would it be useful to monitor (maximum of 4)? 
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Basilica – wall paintings 

Workshop 1 – well in the courtyard 

Workshop 21 – high walls supporting sand slides 

Workshop 23 – subject to tidal erosion 

What are the situations that need to be monitored?  

On Workshop 23 –Erosion rate caused by tidal and river currents. 

Well in Workshop 1 – Wall stability and erosion events 

Anywhere on the site – Seismic activity. 

In the Basilica wall paintings – Humidity. State of conservation. Salt contents. Humidity 

and salt profiles in the walls.  

Everywhere on the site– Human intrusion. 

What are your technical needs to counteract the events? 

For the time being, the site needs systems to monitor the situations mentioned in the 

previous point, in order to more clearly evaluate what is the severity of the different risk 

factors leading to the listed events.  

For the major threats menacing the shoreline archaeological structures, some marine 

structures are necessary, such as a protective breakwater along the shoreline. 

New shelters on the Basilica site are necessary. 

A complete tool kit of maintenance instructions needs to be developed, along with 

providing the corresponding resources that are necessary to implement them. 

New accesses to visitors are needed to complement the existing ones. 

A plan to tackle the invasion of vegetation needs to be implemented.  

9.5.6 Scenarios 

List and describe use cases and scenarios that may happen in your site. Scenarios including 

crisis and/or catastrophes and/or situations caused by extreme events should be included, if it 

is plausible that they may affect your site (e.g: nearby earthquakes, urgent situations causing 

crowd panic, etc.) 

Case 1 

In a winter day, a combination of high tide with a storm with heavy rain and very strong 

wind causes a stronger tide currents and sea waves that rise above the usual level and 
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reaches Roman structures in the shoreline with violence, and in particular the well that 

stands in the courtyard of Workshop 23, causing the collapse of stone elements from the 

wall. 

  

Case 2 

A very humid winter increases the moisture level and rising damp and leads to the 

appearance of green stains on the wall paintings of the basilica, as a result of biological 

colonization, causing bleaching and potential disaggregation of the surface finishing. 

 

Case 3 

Heavy rains cause the landslide of the sand dune behind the southwest and southeast walls 

of Workshop 23 in the shoreline. Dune instability caused by coastal erosion favours this 

process. The walls collapse towards the shoreline. 

9.6 Questionnaire of the Ancient City of Ephesus - Great Theatre 

9.6.1 Identification 

13. Name of site: Ancient City of Ephesus - Great Theatre 

14. ACRONYM: ACE 

15. Contact Person: Bilgen Özbay 

9.6.2 Site Exposure Profile 

What are the hazards or threats that are relevant for your site?  

Please evaluate with a scale from 1 (not relevant) to 5 (highly relevant).  

Please bear in mind that this section is about assessing the exposure of the site to extrinsic 

hazards and threats, be they anthropogenic or environmental; it is not about the vulnerability 

of the site, i.e., intrinsic site features making it more or less vulnerable to specific hazards. 

Site vulnerabilities will be assessed at a later stage. 

Please note that the following evaluation concerns the Great Theatre, not the site in general. 

Table 1: Natural Hazards and Threats 

NATURAL HAZARDS AND THREATS 1 2 3 4 5 

GEOLOGICAL HAZARDS      

Earthquakes    X  
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Mass 

movements 

Landslides  X    

Land subsidence/liquefaction  X    

Rockslides  X    

Avalanches X     

Soil creep X     

Volcanic eruption X     

Erosion X     

HYDRO-METEOROLOGICAL HAZARDS  1 2 3 4 5 

Storms Cyclones/typhoons/hurricanes X     

 Thunderstorms / lightning  X    

 Hailstorms / ice storms /dust storms X     

 Tornadoes X     

 Strong winds  X    

 High waves X     

Flooding Flash floods X     

River / lake floods X     

Coastal floods X     

Mass movement dam-induced floods X     

Storm surges X     

Wildfires   X   

Tsunamis X     

Extreme 

temperature 

Sea-level rises X     

Heat waves / cold waves   X   

Frost / freeze / snow loading X     

Thermal shock X     

Salinization (e.g. salt-water intrusion)   X    

Change in freeze-thaw events X     
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Droughts  X    

Precipitation Intense rainfall  X    

Surface runoff  X    

Altered water table X     

Changes in soil chemistry  X    

Humidity cycle changes/relative 

humidity shocks 

  X   

Prolonged wet periods / prolonged dry 

periods 

 X    

Deforestation and desertification X     

Wind Wind  X    

Wind driven rain X     

Wind driven particles: saline spray  X    

Pollution and 

climate 

SO2, NO3 and O3 air concentration X     

Ph precipitation X     

Ocean acidification X     

Tides (tide currents and sea waves) X     

Solar radiation   X   

BIOLOGICAL HAZARDS      

Animal stampede X     

Biological infestation (including insect, pest, fungal 

and vegetation infestation) 

  X   

Biological 

decomposition 

Proliferation of invasive species  X    

Spread of existing and new species of 

insects (e.g. termites) 

X     

Increase in mould growth X     

Decline of original plant materials X     
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Table 2: Anthropogenic Hazards 

ANTHROPOGENIC HAZARDS AND 

THREATS 

1 2 3 4 5 

INDUSTRIAL/TECHNOLOGICAL HAZARDS      

Critical 

infrastructure 

failure 

Transportation system failure X     

Telecommunication system failure  X    

Cyber incidents X     

Lifeline failures (e.g. electricity and 

gas lines) 

 X    

Dam/levee failures X     

Explosion 

and pollution 

(disaster) 

Factory explosions X     

Fires/urban conflagrations  X    

Hazardous materials spill (including 

chemical, radiological and 

biological) 

X     

Industrial pollution X     

Urban/traffic pollution X     

Ground surface water pollution X     

Toxic wastes X     

Nuclear radiation X     

Waste mass movement X     

VIOLENCE AND CONFLICT      

War / armed conflict / civil unrest X     

Terrorism  X    

Explosive / radiological attack X     

Fires and explosion X     

Looting and illegal activities X     

Vandalism X     

SOCIAL/CULTURAL/ECONOMIC USES       



D3.1: Use case scenarios and requirements definition 
 

 

H2020 – DRS11 - 700191 207 

 

Tourism-related threats (e.g. sudden change in 

temperature and relative humidity and increased 

footfall from rising tourist numbers) 

 X    

Increase in recognition/prominence  X    

Ritual/spiritual/religious and associative uses X     

Fires and explosion (accidental)  X    

Occasional uses-related threats (e.g. concert 

vibration) 

X     

DEVELOPMENT PRESSURE      

Land use change  X     

Constructions and infrastructure expansion (e.g. 

traffic and construction vibrations) 

 X    

Renewable/non-renewable energy facilities X     

Major visitor accommodation and associated 

infrastructure 

 X    

Interpretative and visitation facilities  X    

Large-scale/improper archaeological excavation X     

Encroachment/illegal development X     

Mining activities X     

 

For each hazard or threat rated 3, 4 or 5, please assess its possible consequences and rate their 

foreseeable/potential seriousness; add tables/lines as needed to cover your site’s most relevant 

hazards or threats. 

Table 3: Possible consequences 

Natural Hazard or Threat Possible consequences Rating from 1 

(less serious) to 

5 (more serious) 

Earthquakes Fracturing of structures 4 

Partial collapse of the structure 4 

Probability of casualty - visitors 4 
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Wildfire 

Discoloration of materials due to 

smoke  

3 

Extreme increase in the 

temperature may cause alteration 

in the mineral composition of 

stone and lead to cracks on it. 

4 

Extreme temperature : Heat Waves / 

Cold waves 

Structural deformation due to 

material deterioration  

3 

Precipitation: humidity cycle 

changes/relative humidity shocks 

Spalling of material 3 

Fracture of structures caused by 

infiltrations 

3 

Abrasive effect of rain water and 

the color change it causes on 

surfaces 

2 

Moisture permeability of 

construction elements and effect 

of freezing 

3 

Damage in the foundation 3 

Biological colonization 

(Formation of moss) 

3 

Solar Radiation Discolouration of the stone 

surfaces, taking matt and pale 

appearance 

3 

Biological Infestation: Vegetation  Deformation of construction 

elements by root action 

3 

Deterioration of material  3 

Nests that create holes inside the 

walls and pavements by wasps, 

ants, mice and rabbits 

2 

Please list the currently implemented monitoring systems that provide information concerning 

your site. Nearby weather agencies systems, e.g. Seismic Recording Stations, should be 

included in this list.  

We have security cameras all through the visiting routes. There are no meteorology or 

seismic stations at the site. 

Yet, there is one meteorology station in Selçuk and one in Selçuk-Efes Airport (mobile) 

(https://www.mgm.gov.tr/kurumsal/istasyonlarimiz.aspx?sSirala=AL&m=IZMIR) 

https://www.mgm.gov.tr/kurumsal/istasyonlarimiz.aspx?sSirala=AL&m=IZMIR
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There is a seismic station operated by AFAD in Selçuk. 

(http://www.deprem.gov.tr/tr/istasyonlar)  

 

Do you observe changes in environmental hazards or threats? If yes, how they are 

manifested? (maximum 500 words) 

When the last decade process is examined, it can be said that climate changes are not 

excessive and environmental risk factors do not change much.  

Do you consider changes in environmental hazards or threats due to climate change? How 

could it reflect on your site (negative or positive impact)? (maximum 500 words) 

Climate change may be thought to have an effect on building materials, but these effects are 

not recorded. 

9.6.3 Infrastructure Conditions 

Existing 

infrastructures 

Yes/No Previewed solutions Responsible for 

solutions 

Electricity Yes   

Water Yes   

Gas No   

Internet Yes (cellular data)   

Sensors and systems There is security 

camera recording 

system 

  

 

 Yes No Signal strength 

Does cellular data coverage exist in your site?  

If positive describe (2G/3G/HSPA/HSPA+/4G-LTE) and 

indicate average signal strength (1: poor, 5:excellent): 

3G 

4G 

 

 Medium  

Which technologies (sensors/systems/tools/applications/equipments) do you envisage you 

need to monitor your site hazards and threats? 

http://www.deprem.gov.tr/tr/istasyonlar
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Humidity sensor 

Pluviometer (rain sensor) 

Wind sensor  

Temperature sensor 

Smoke sensor 

Seismometer 

Inclinometer 

Potentiometer 

 

Note: List may be revised after the site visit of the partners to Ephesus. 

In the areas to be monitored: 

 Evet 

Yes 

Hayır 

No 

Does WiFi coverage exist? x  

Does it provide internet access?  x  

Is there AC power available? x  

If not, would it be possible to extend the power grid to that area?   

Can a secure (in terms of disturbance/theft/vandalism, etc.) position for 

the monitoring equipment be ensured? 

x  

9.6.4 Restrictions/Processes/Legislation (in relation to technical installation) 

What are the constraints of your site in terms of legislation?  

(Ex: restrictions on a World Heritage Site or National Monument) 

We are obliged to follow international norms regarding cultural heritage. As the site is 

recorded in the World Heritage List of UNESCO, related criteria are being taken into 

consideration during studies affecting the site. We also have to comply with the national 

law and regulations on conservation of cultural heritage. 

What are the restrictions of your site? 

(Ex: prohibition of drilling holes on the ground on archaeological sites) 
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We have to comply with the national law and regulations and international criteria as the 

site is an ancient city. 

Required authorization should be taken from the Excavation Chairmanship, Directorate of 

Ephesus Museum, Ephesus Site Management Directorate, and İzmir Regional Preservation 

Board. 

What materials are forbidden or unadvised at your site? 

The suitability of the material to be used for implementation to the site is evaluated on a 

case-by-case basis in accordance with its location at the site, its intended use and extent. 

(Inflammable materials, explosive materials, chemicals, equipment causing vibration, 

oxygen welding, etc.) 

How to get authorization for the installation of equipment in your site? 

Following the signature of the protocol concerning the work flow with the Bogazici 

University, assent of the General Directorate of Cultural Assets and Museums need to be 

taken together with the list of sensors and equipment planned to be installed and their 

installation project, and should be presented to the İzmir Regional Preservation Board for 

evaluation.  

How long will it take to have permission to work in the site? 

As well as it depends on the location and qualification of the implementation, it would take 

between 1- 3 months. (preparation of the collaboration protocol and application to the 

Regional Preservation Board. 

9.6.5 Needs 

What areas of your site would it be useful to monitor (maximum of 4)? 

The Ancient Theatre  

Celsus Library(optional)  

What are the situations that need to be monitored?  

Temperature 

Humidity 

Precipitation 

Wind  

Structural Monitoring (Ancient Theatre) 
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Note: List may be revised after the site visit of the partners to Ephesus. 

 

What are your technical (?) needs to counteract the events? 

Database for damage and risk assessment to be integrated into a WEB GIS platform. WEB GIS 

platform related training needs to be provided within the Ministry. Improvement of the mitigation 

and emergency planning for the site. 

9.6.6 Scenarios 

List and describe use cases and scenarios that may happen in your site. Scenarios including 

crisis and/or catastrophes and/or situations caused by extreme events should be included, if it 

is plausible that they may affect your site (e.g: nearby earthquakes, urgent situations causing 

crowd panic, etc.). 

The use cases should take into account the phases foreseen by the project:  

a) Prevention:  

Real time Environmental assessment (continuous real-time monitoring)  

Detection (data harvesting and analysis):  

Assessment/ management of threats to mitigate natural hazards 

b) Intervention: 

 Survey and diagnosis based on the study of materials properties, particular 

environmental conditions, and profile of CH sites 

 Generate and manage a situational picture based on data collected by physical and 

human sensors 

 Reliable maintenance, quick restoration and long-term conservation 

 Collaboration and knowledge-sharing framework for the community of stakeholders 

(effective communication among stakeholders) 

Case 1 

 

Earthquake Scenario 

The nearest active fault is the Ephesus Fault. The surface rupture of this fault is 

approximately 8 km. long. The maximum magnitude it can trigger according to normal 

faulting in Wells and Coppersmith (1994) correlation is expected to be around M= 6,2. 

Below is an imaginary impact and needs scenario assuming that such a scenario earthquake 

takes place:  

 

Earthquake occurs on a Saturday when there is large number of visitors. Partial collapse 

occurs at the stairs located on the North Analemma currently supported for stability. Exit on 

this side is blocked. Injury among the visitors occurs due to falling of the stones. 
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Subject Need 

Communication Finding out what has happened in order to manage the situation 

Leading and guiding the visitors 

Calling response teams and monitoring their activity  

Informing the affiliated supreme institutions  

Injured visitors Rescue through staff who is trained also on the cultural heritage 

intervention  

Prior drills needed with other institutions for effective response  

Medical response  

Visitor at the 

theatre 

Providing guidance to evacuate visitors  

Environmental lighting (generator for electricity cuts) 

Logistical support  

Rapid Damage 

Assessment 

 

Competent engineer, architect (specialist in restoration) 

Site survey 

Documentation (through cameras) 

Security Companionship to the visitors  

Safety of the site and cultural assets  

Emergency 

Intervention to 

the structure 

Emergency support (temporary – need for rapid permission) 

 

Opening the 

structure to 

visit  

Preparation and implementation of structural consolidation projects  

Improving the response plan 

 

 

  

Case 2 

 

Fire Scenario 

Fire started among the bushes on the hill where the great theatre is located on a very hot yet 

windy summer day. It grew and spread rapidly as a result of the wind. 
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Subject Need 

Communication Finding out what has happened in order to manage the situation 

Leading and guiding the visitors 

Calling response teams and monitoring their activity  

Informing the affiliated supreme institutions  

Visitor at the 

theatre 

Providing guidance to evacuate visitors  

Logistical support  

Rapid Damage 

Assessment 

 

Site survey 

Documentation (through cameras) 

Competent conservator (material damage) 

Security Companionship to the visitors  

Safety of the site and cultural assets 

Emergency 

Intervention to 

the structure 

Training of fire brigade on the correct response action for fire 

extinguishing taking the cultural heritage preservation criteria into 

consideration. 

Recovery  Material analysis and determination of the intervention. 

Conservation of the materials 
 

 

 


