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SafkoganiS

new technologies & civil protection

31 October- 3 November 2018

CONFERENCE PROGRAM

Day #1 Wednesday 31 October

Opening Ceremony @ Regional Council Hall
27 Dimokratias Str, Kozani

11:00-12:00 Registrations

12:00-13:00 Welcome Greeting and Opening Words

Theodoros Karypidis

Regional Governor of Western Macedonia

Antonios Tourlidakis

University of Western Macedonia, Rector

Stergios Ganatsios

Western Macedonia University of Applied Sciences, Rector
13:00-13:30 Efthymios Lekkas

Earthquake Planning and Protection Organisation of Greece, Chairman
University of Athens, Professor

New scientific, technical and operational data from disasters at
national and global level

13:30-14:00 Gerasimos Papadopoulos

UNESCO, North East Atlantic & Mediterranean Tsunami Warning System,
Chairman

Early Warning Systems to Reduce Natural Hazards
14:00 - 14:15 ILias Argyris
Head of the Civil Protection Office, Municipality of Rhodes

14:00 - 16:00 Lunch Break

safegreece.org
SafeKozani 2018 - 5th International Conference on Civil Protection & New Technology
31 October - 3 November, Kozani, Greece — url: safekozani.gr — e-mail: info@safekozani.gr
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Conference Proceedings @ Western Macedonia University of Applied Sciences

SESSION 1—-Hall A

16:00-18:00

SESSION 2 — Hall B

_ | ILias Argyris Aspasia Karamanou Q
'_;:Ts Maria Kleanthi Konstantinos Chouvardas 2
(w]
Konstantinos Karidis 16:00-16:15 | Stavros Kalogiannidis, Papaevaggelou
ACTION PLAN FOR CIVIL PROTECTION FOR Olympia
THE REGION OF IONIAN ISLANDS THE ROLE OF MASS MEDIA IN CRISIS
MANAGEMENT
Nicholas Zinas 16:15-16:30 | Olga Markogiannaki, Konstantina
MASS NOTIFICATION SYSTEMS FOR LOCAL Ntasiou, Georgios Tsikritsakis, Panagiota
GOVERNMENT Paschali
RISK FOR CULTURAL HERITAGE FROM
CLIMATE CHANGE. THE CASE STUDY OF
BOION STONE BRIDGES
loannis Leivadaros 16:30-16:45 | Maria Alexoudi, Konstantinos Karavelas
EMERGENCY PREPAREDNESS AND REHABILITATION COST FOR 3 LISTED
RESPONSE TO HAZARDS: THE CASE OF THE BUILDINGS IN THESSALONIKI
2017 CATASTROPHIC FLOOD IN MANDRA,
WESTERN ATTICA
Zaharias Pelekis 16:45- 17:00 | Susan Duhl, Maria Lyratzi, Maria
THE TRIANGLE OF THE TRAGEDY AND THE Papadimitriou
NECESSARY LEGISLATIVE INTERVENTIONS: THE PRESENTATION OF THE SEMINAR
THE CASE OF THE 2018 WILDFIRE IN MATI, ENTITLED "DISASTER MANAGEMENT IN
EASTERN ATTICA, GREECE CULTURAL INSTITUTIONS" AND ITS
RESULTS
Konstantinos Kokolakis 17:00-17:15 | Olympia Papaevaggelou
CIVIL PROTECTION FOR THE NEXT DAY DISABILITY AND CIVIL PROTECTION
Boustras George, Evangelos Katsaros, 17:15-17:30 | Georgia Gioltzidou, Dimitrios Amanatidis,
Christos Dimopoulos, Cleo Varianou Ifigeneia Mylona
Mikellidou, Louisa Marie Shakou NATURAL DISASTER INFORMATION
EPICURO EUROPEAN PARTNERSHIP FOR DISSEMINATION ON TWITTER: TESTING
INNOVATIVE CITIES WITHIN AN URBAN AGAINST MAINSTREAM MEDIA
RESILIENCE OUTLOOK COVERAGE
Athanasios Kakalis, Theodore Vlachos, 17:30-17:45 | Paraskevi Christopoulou
PPC ROAD ACCIDENTS BLACK SPOTS
IMPLEMENTATION OF CONTINGENCY ASSESSMENT WITH A RECENTLY
PLANS AND BUSINESS CONTINUITY PLANS DEVELOPED GIS BASED METHODOLOGY
AT PPC’s LIGNITE MINES
Stefano Ancilli, Federico Cellini, Antonio 17:45-18:00 | Miranda Dandoulaki
Colombi, Elisabetta Leonardi DISASTER AS A WINDOW OF:
ACTIONS TO PROTECT CHILDREN AND OPPORTUNITY FOR TOUR ASES
YOUNG PEOPLE DURING EMERGENCIES:
org
SafeKozani 2018 - 5th International Conference on Civil Protection & New Technology
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INSIGHTS FROM 2016/2017 CENTRAL
ITALY EARTHQUAKES

OF NEW ORLEANS, USA AND SICHUAN,
CHINA

ROUND TABLE

Modern Technology Tools at the Civil
Protection Service

Coordinator: Issaak Parcharidis

18:00-20:00

ROUND TABLE

Innovative solutions and financing
opportunities for Local Governance
Coordinator: Evangelos Sdongos

ce.org
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Day #2

Thursday 1 November

Conference Proceedings @ Western Macedonia University of Applied Sciences

SESSION 3 — Hall A

ILias Argyris
loannis Bakouros

Chair

09:00-11:00

Konstantinos Kokolakis
Michalis Diakakis

SESSION 4 —Hall B

ey

Theodore D. Katsilieris, Themistoklis E.
Karafasoulis
RADIO-COMMUNICATIONS AT THE
HELLENIC FIRE SERVICE AND THE ROAD
AHEAD TO DIGITAL ERA

Romosios Georgios, Vasilikou Aikaterini,
Choulakis Stylianos

FIRES IN SOLAR POWER SYSTEMS AND
FIREFIGHTER SAFETY — A REVIEW

Stefano Ancilli
FOREST FIRES MANAGEMENT: A NEW
PROPOSAL TO FACE NEXT SEASONS

Chih-Long, Jet-Chau Wen

AN INNOVATIVE STRATEGY OF
EMERGENCY TRANSPORTATION IN MASS
CASUALTY INCIDENTS

Evi Georgiadou

OCCUPATIONAL SAFETY AND HEALTH AS
A TOOL FOR EFFECTIVE PREVENTION AND
EMERGENCY RESPONSE POLICIES FOR
NATURAL AND TECHNOLOGICAL
DISASTERS

Miltiadis Meliadis, Varvara Meliadou
THE USE OF UAV IN SEARCH & RESCUE. A
USEFUL TOOL FOR CIVIL PROTECTION IN
GREECE

losif Vourvachis, Lorentzo Nerantzis,
Meliadis Miltiadis

beAWARE - ENHANCING DECISION
SUPPORT AND MANAGEMENT SERVICES
IN EXTREME WEATHER CLIMATE EVENTS

Evangelos Sdongos, Angelos Amditis,
Antonis Kostaridis, Dimitris Diagourtas,
Elias Argyris

09:00-09:15

09:15-09:30

09:30-09:45

09:45-10:00

10:00-10:15

10:15-10:30

10:30-10:45

10:45-11:00

Stavros Kalogiannidis
NATIONAL CIVIL PROTECTION CENTER

Spyros Andronopoulos, George
Efthimiou, Alexandros Venetsanos, John
G. Bartzis

ATMOSPHERIC DISPERSION OF
HAZARDOUS SUBSTANCES

Olympia Papaevaggelou, Stavros
Kalogiannidis

PRACTICAL GUIDE OF CRISIS
MANAGEMENT IN SCHOOL UNITS

Georgios Sotiriadis
USING INFORMATION MANAGEMENT TO
LEARN FROM MIGRANTS

Konstantinos Chouvardas

DISASTER MANAGEMENT IN GREECE:
SHORTCOMINGS OF THE INSTITUTIONAL
FRAMEWORK AND CORRECTIVE
MEASURES BASED ON GOOD
INTERNATIONAL PRACTICES

Paraskevi D. Soulopoulou, Christos V.
Komninos, loannis Kazanidis

v
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IN-PREP: EMPOWERING PREPARADNESS
OF CIVIL PROTECTION AUTHORITIES
THROUGH INTEGRATED TOOLS FOR
SCENARIO BUILDING, TRAINING AND
COLLABORATIVE RESPONSE PLANNING

CELL BROADCAST EMERGENCY’S ALERTS
IN GREECE

Coffee Break

SESSION 5 —Hall A

Konstantinos Kalabokidis
Natassa loakimidou

Chair

11:00-11:30

11:30-14:30

loannis

Stavros Kalogiannidis

Coffee Break

SESSION 6 — Hall B

Bakouros

ney)

Spyridon Mavroulis, Panayotis Carydis,
Efthymios Lekkas

CORRELATION OF THE 2018 HUALIEN
(EASTERN TAIWAN) EARTHQUAKE EFFECTS
WITH THE GEOLOGICAL STRUCTURE OF
THE AFFECTED AREA

Marilia Gogou, Katerina-Navsika
Katsetsiadou, Efthymis Lekkas,
Emmanouil Andreadakis, Elias Argyris
THE 21 JULY 2017, KOS-BODRUM
TSUNAMI INTENSITY MAPPING: APPLYING
THE INTEGRATED TSUNAMI INTENSITY
SCALE (ITIS2012)

Pavlos Krassakis, Stavroula Kazana, Fulong
Chen, Nikolaos Koukouzas, Issaak
Parcharidis, Efthymios Lekkas

DETECTING AND MAPPING SPATIAL RISK
DISTRIBUTION OF GROUND
DEFORMATION INDUCED BY URBAN
HIDDEN STREAMS: A CASE STUDY FROM
ATHENS CITY CENTRE

Theodora Perrou, Konstantinos
Chouvardas, Christos Papapostolou, Issaak
Parcharidis

HIGH SPATIAL AND TEMPORAL
RESOLUTION OPERATIONAL FLOOD
MONITORING: EVROS RIVER FLOOD
(MARCH-APRIL 2018)

Michalis Diakakis, Emmanuel Andreadakis,
Efthymios Nikolopoulos, Nafsika-loanna
Spyrou, Maria-Evangelia Gogou , Georgios
Deligiannakis, Katerina- Navsika
Katsetsiadou, Zacharias Antoniadis, Maria

11:30-11:45

11:45-12:00

12:00-12:15

12:15-12:30

12:30-12:45

Georgios Sotiriadis
EDUCATION OF STUDENTS IN NATURAL
DISASTERS USING NEW TECHNOLOGIES

Asimina Kourou, Anastasia loakeimidou,
Eirini Karpontini

PREPARING FOR EARTHQUAKE AT
PRESCHOOLS: THE ROLE OF EARTHQUAKE
PLANNING AND PROTECTION
ORGANIZATION

Constantinos Tsanaktsidis
EDUCATION AS A PARAMETER IN THE
ORGANIZATION OF CIVIL PROTECTION

Georgia Malea, Chrysanthi Markou
PLAY AND LEARN ABOUT NATURAL
DISASTERS”: AN IMPLEMENFATION OF A
RESILIENCE ENHANCEMENT &

.org
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Melaki , Argyris Georgakopoulos , John PSYCHOEDUCATIONAL PROGRAM IN

Kalogiros, Efthymios Lekkas VULNERABLE CHILDREN

THE EXTREME FLASH FLOOD OF MANDRA,

GREECE. DESCRIPTION OF IMPACTS AND

FLOOD CHARACTERISTICS

Dimitris Kamitsos, Draeger Hellas A.E 12:45-13:00 | Maria Manousaki

HOLISTIC APPROACH TO TECHNICAL EUROPEAN VOLCANOES ’ NIGHT: A

SAFETY CHALLENGE FOR GREECE

Thomas Maggos, Spyros Karakitsios, John 13:00-13:15 | Theodoros Tsapanos, Evangelos

Bartzis Katsaros, Evangelos Tzamos, George

DETECTION OF AIRBORNE CHEMICAL & Drakatos, Panagiotis Elias, Vasilios

BIOLOGICAL THREATS IN ENCLOSED Ambas, Thomas Ververis

SPACES JOINT CROSS BORDER COOPERATION FOR
SECURING SOCIETIES AGAINST NATURAL
AND MAN MADE DISASTERS: J-CROSS
PROJECT AT REGIONS OF WESTERN
MACEDONIA AND PELAGONIA

Evina Liosatou 13:15-13:30 | Stavros Mantas, Triantafyllos

RISK ASSESSMENT FOR FLOOD HAZARD, IN Bouchounas, Athanasia Kazakou

THE CASE OF GREVENIOTIKOS RIVER BASIN NSEA — NETWORK FOR THE

(GREVENA — WESTERN MACEDONIA - OPERATIONAL SUPPORT AND

GREECE) EDUCATION OF THE VOLUNTEERS’
ASSOCIATIONS IN THE FIELD OF CIVIL
PROTECTION AGAINST NATURAL
DISASTERS

Maria Alexoudi, Apostolopoulos George 13:30-13:45 | loannis Papaioannou

CONTRIBUTION TO LANDSLIDE HAZARD INTERACTIVE TRAINING ON

ASSESSMENT. THE CASE OF FLORINA- EARTHQUAKES: CONSTRUCTION OF A

KASTORIA ROAD PROTOTYPE SEISMOGRAPH

Nena Emmanouilidou, Olga 13:45-14:00 | George Scroubelos

Markogiannaki DEVELOPING A SOCIETAL PREVENTIVE

RESILIENCE OF INFRASTRUCTURE IN THE CULTURE THROUGH A LIFE-LONG

ENERGY SECTOR TO NATURAL HAZARDS LEARNING STRATEGY

AND CLIMATE CHANGE

Alexoudi Maria, Apostolopoulos George 14:00-14:15 | Konstantinos Kokolakis

VULNERABILITY OF TRANSMISSION LIFE TRIANGLE

PIPELINE. THE CASE OF FLORINA

Boustras George, Evangelos Katsaros, Cleo | 14:15-14:30 | Aspasia Karamanou, Georgia-Christina

Variannou-Mikellidou, Christos Dreliosi, Dionysios Papadimatos,

Dimopoulos, Christodoulos Efstathiades, Anastasios Hahlakis

George Drakatos, Christos Evangelidis SUPPORTING SEARCH AND_RESCUE

PRIVATE — PUBLIC SECTORS PARTNERSHIP OPERATIONS WITH UAVS g

FOR DISASTER RISK REDUCTION IN |

ARMENIA: THE CASE OF ALTER PROJECT

SafeKozani 2018 - 5th International Conference on Civil Protection & New Technology
31 October - 3 November, Kozani, Greece — url: safekozani.gr — e-mail: info@safekozani.gr
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Lunch Break

SESSION 7 — Hall A

14:30-15:30

16:00-18:00

Lunch Break

SESSION 8 — Hall B

+ | Issak Parcharidis Konstantinos Kokolakis Q
g ILias Argyris Michail Chalaris 2,
Evangelos Sdongos, Angelos Amditis 16:00 — 16:15 | Hellenic Rescue Team Kozani Division

INACHUS: TECHNOLOGICAL AND
METHODOLOGICAL SOLUTIONS FOR
INTEGRATED WIDE AREA SITUATION
AWARENESS AND SURVIVOR
LOCALISATION TO SUPPORT SEARCH AND
RESCUE

Deni Panagiotopoulou, Katerina Tarnava,
Gabriella Zagora

FIRST DEGREE PRE — EARTHQUAKE
INSPECTION: E.P.P.O.’S TRAINING
PROGRAM FOR ENGINEERS

Ploutarchos Kerpelis

RESRONSIBILITIES FROM THE IMPACTS
OF EARTHQUAKES, AT THE BUILDING
INFRASTRACTURE OF GREECE — RICOMEX
CASE

Spyridon Mavroulis, Michalis Diakakis,
Emmanuel Andreadakis, Nafsika-loanna
Spyrou, Maria-Evangelia Gogou, Evelina
Kotsi, Elina Kapourani, Eirini-Spyridoula
Stanota, Efthymios Lekkas, Panayotis
Carydis

FIRE-INDUCED BUILDING DAMAGE IN
WILDLAND URBAN INTERFACE AREAS:
THE CASE OF THE 2018 EASTERN ATTICA
(GREECE) FIRE

Georgios Gkanouris
FOREST FIRES, ONE SIMPLISTIC
APPROACH

Maria Kleanthi

ASBESTOS — ONE MORE PROBLEM AFTER
THE DEVASTATING FIRES OF JULY 23 AND
24

Spyridon Mavroulis, Panayotis Carydis,
Efthymios Lekkas

16:15-16:30

16:30 - 16:45

16:45-17:00

17:00-17:15

17:15-17:30

17:30—-17:45

Kozani Radio Amateurs

Ptolemaida Rescue Team

Hellenic Fire Academy

Rusil Marinov
INFORMATION DOMAIN IN CRISIS
MANAGEMENT

loannis Dokas, Apostolos Zeleskidis, Basil
Papadopoulos

DYNAMIC DETERMINATION AND
CALCULATION OF THE SAFETY LEVEL IN
MAJOR-HAZARD ACCIDENT SYSTEMS: A
PROPOSED MATHEMATICAL MODEL

Georgios Romosios, Georgios Ntzaferis,
Michail Chalaris

8
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BUILDING DAMAGE INDUCED BY THE
SEPTEMBER 2017 MEXICO
EARTHQUAKES AND FACTORS
CONTROLLING THEIR DISTRIBUTION

THE BOILOVER EFFECT: REQUIREMENTS
FOR THE BEGINNING OF THE EFFECT,
CALCULATION OF MANIFESTATION TIME
AND WAYS OF FIGHTING IT

Giannis Kontos, Marathon Data 17:45 - 18:00 | Maria Karagiannopoulou

ARCGIS PLATFORM AS A DECISION ISSUES OF GENDER DIVERSITY IN

MAKING TOOL HUMANITARIAN CRISES. DIFFERENT
NEEDS - EQUAL OPPORTUNITIES

ROUND TABLE 18:00-20:00

Institutional Framework of Civil
Protection
Coordinator: EfthymiosLekkas

2.0rg
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Day #3

Friday 2 November

Conference Proceedings @ Western Macedonia University of Applied Sciences

SESSION 9 —Hall A

Christos Pikridas

09:00-11:15

Antonios Koukouzas

SESSION 10 — Hall B

o o

'_;:Ts Maria Manousaki Anastassia Vavliara nz

(®]

Andreas Karavias, Issaak Parcharidis 09:00-09:15 Giorgos Balias, Maria

OPERETIONAL USE OF EARTH Karagiannopoulou, Liosatou Paraskevi

OBSERVATION DATA IN THE CASE OF THE IMPACT OF CLIMATE CHANGE ON

KINETA FOREST FIRE PUBLIC HEALTH IN THE PUBLIC HEALTH
BASIN

Kostas Kalabokidis, Palaiologos 09:15-09:30 Anastasios Mavrakis

Palaiologou EXPLORING THE METEOROLOGICAL

SOCIAL RESEARCH ON WILDFIRE RISK IDENTITY OF MANDRA’S 2017 FLOOD

GOVERNANCE IN GREECE EPISODE

loannis Gitas 09:30-09:45 loannis E. Zevgolis, Nikolaos C.

ELABORATING METHODS AND TOOLS IN Koukouzas, Christos Roumpos,

A NATIONAL OBSERVATORY OF FOREST Alexandros V. Deliveris, Alec M.

FIRES (NOFFi) Marshall
EVALUATION OF GEOTECHNICAL
PROPERTY VARIABILITY: THE CASE OF
SPOIL MATERIAL FROM SURFACE
LIGNITE MINES

C. Naskos, PPC 09:45-10:00 Anastasios Mavrakis, Papavasileiou

IMPLEMENTATION OF EMERGENCY Christina, Vamvakeros Xenofon

RESPONSE PLAN AT PPC’'S GROUP CLASSIFICATION OF WEST ATTICA

INFRASTRUCTURE SECONDARY EDUCATION SCHOOL
UNITS CONCERNING NATURAL AND
TECHNOLOGICAL RISKS

Giota Spastra, Planetek Hellas 10:00-10:15 Maria Karagiannopoulou

LANDSLIDES MONITORING VIA SATELLITE THE IMPACT OF NATURAL AND MAN-

AND PREDICTION OF THE ASSOCIATED MADE DISASTERS ON PUBLIC HEALTH

RISK FOR CIVIL PROTECTION. RHETICUS:

THE MULTI AWARD WINNING

INNOVATIVE PLATFORM OF PLANETEK

Posters’ Session 10:15-11:00 Posters’ Session

E.P.P.0: Seminar "Antis¢.eislr'nic 11:00- | 11:00- | Coffee Break

Protection of School Units 14:30 | 11:30

11:30-14:15

[

SESSION 11 —HallB

v
.org

SafeKozani 2018 - 5th International Conference on Civil Protection & New Technology
31 October - 3 November, Kozani, Greece — url: safekozani.gr — e-mail: info@safekozani.gr

10



SafeKozani 2018 Proceedings ISSN 2654-1823

ILias Argyris

Konstantinos Chouvardas

ey

11:30-11:45

11:45-12:00

12:00-12:15

12:15-12:30

12:30-12:45

12:45-13:00

13:00-13:15

13:15-13:30

Christos Pikridas, Aristidis Fotiou,
Stylianos Bitharis, lon Karolos, Kyriakos
Balidakis

BeRTISS: BALKAN-MEDITERRANEAN
REAL TIME SEVERE WEATHER SERVICE.
THE CASE OF GREECE

Markos Avlonitis, Spiridon G. Krokidis,
loannis Vlachos

DEVELOPMENT OF A LOW COST EARLY
WARNING SYSTEM FOR EARTHQUAKE-
INDUCED LANDSLIDES

Minos Fylaktos, Stamatis Kalogirou
NEXUS ROUTE: AMBULANCE DRONE
NETWORK

Vasilis Akylas, Aphrodite Bouikidis,
Giorgios Dimarelos, Leon Kapetas, Lina
Liakou, Stella Psarropoulou, Maria
Sitzoglou

THESSALONIKI 2030 — THE CITY’S
STRATEGY TO STRENGTHEN URBAN
RESILIENCE FROM CLIMATE CHANGE.
THE CASE STUDY OF BOION STONE
BRIDGES

Georgios Tasionas,Theofanis Tzompras,
Vasileios Drosos

PROGRAM TO ADDRESS NATURAL
DISASTERS

Athanassios Triantafyllou, Stelios
Garas, loannis Skordas, Basilis
Matthaios, Ch. Diamantopoulos, P.
Hurley, M.Thatcher

OPERATIONAL FORECAST OF
ATMOSPHERIC POLLUTION EPISODES
The Western MACedoniaFOrecasting
System (Wmac/ FOS )

Sarantis-Angelos Liampas, Symeon
Karypidis, Vasileios Drosos, John
Sismanidis

USING G.I.S. AND U.A.V. IN FOREST

FIRES
=N

Malamati Louta, Konstantina Banti,

Thomas Kyriakidis, Yiouli Kritikou,
-

.org
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13:30-13:45

13:45-14:00

Panagiotis Vlacheas, Panagiotis
Demestichas, Sokratis Lappos, Charisios
Kouziakis

ROSEWATER: A PLATFORM FOR
SECURING WATER CRITICAL
INFRASTRUCTURE IN THE 10T ERA

loanna Avloniti, Antonia Spiridonidou,
Markos Avlonitis

DECISION MAKING IN DISASTER RISK
MANAGEMENT BASED ON THE
DEVELOPMENT OF A LOW COST EARLY
WARNING SYSTEM

Katerina — Navsika Katsetsiadou
ARTIFICIAL INTELLIGENCE IN CIVIL
PROTECTION: USAGE & ETHICAL ISSUES

Lunch Break

14:15-15:15

Lunch Break

ROUND TABLE

Education: A key factor for Disaster Risk
Reduction

Coordinator: Asimina Kourou

18:00-20:00

2.0rg
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Poster Presentations

ATMOSPHERIC EMISSIONS FROM FOREST FIRE DURING 2005-2014 IN GREECE
loannis Agiannidis, Paraskevi Sarigianni

SECOND LEVEL PRE-EARTHQUAKE ASSESSMENT FOR MASONRY BUILDINGS — PILOT APPLICATION
Linda Pelli, Maria Panoutsopoulou, Martha Fotopoulou, Thekla Thoma, Dionissia Panagiotopoulou,
Maria Podimata

BERTISS PROJECT - BALKAN-MEDITERRANEAN REAL TIME SEVERE WEATHER SERVICE

Haris Haralambous, Christina Oikonomou, Christos Pikridas, Stylianos Bitharis, Guergana Guerova,
Tsvetelina Dimitrova, Konstantinos Lagouvardos, Vasiliki Kotroni, FilipposTymvios

SEISMIC ASSESSMENT OF REINFORCED CONCRETE BRIDGES

Linda Pelli, Maria Panoutsopoulou, Martha Fotopoulou, Thekla Thoma

COPERNICUS SENTINEL SAR DATA AS AN OPERATIONAL TOOL FOR OIL-SPILL DETECTION AND
MONITORING: THE CASE OF SARONIKOS GULF (SEPTEMBER OF 2017)

Andreas Karavias, Dora Perrou

DELINEATING FLOOD BOUNDARY USING UNMANNED AERIAL VEHICLE (UAV)-DERIVED IMAGERY
AND GROUND OBSERVATIONS: THE CASE OF THE 2017 MANDRA FLASH FLOOD IN GREECE
Nafsika-loannaSpyrou, Eirini-Spyridoula Stanota, Michalis Diakakis, Emmanuel Andreadakis,
Efthymios Nikolopoulos, Maria EvangeliaGogou , Georgios Deligiannakis, Katerina-Navsika
Katsetsiadou, Zacharias Antoniadis, Maria Melaki, Argyris Georgakopoulos, loannis Kalogiros,
Efthymios Lekkas

COMPLETE SEISMIC HISTORY OF SOUTHERN AND SOUTHWESTERN PELOPONNESE (GREECE) AND
RESPECTIVE ESI 2007 INTENSITIES

Spyridon Mavroulis, Efthymios Lekkas

THE 2018 FOREST FIRE OF MATI, GREECE: CHARACTERISTICS AND IMPACTS

Efthymios Lekkas, Panayotis Carydis, Spyridon Mavroulis, Michalis Diakakis, Emmanuel
Andreadakis, Maria-Evangelia Gogou, Nafsika-loanna Spyrou, Elina Kapourani, Miltiadis
Athanassiou, Margarita Arianoutsou, Emmanuel Vassilakis, Evelina Kotsi, Phoebe-Demeter Speis,
John Delakouridis, DimitriosMilios, Katerina-Navsika Katsetsiadou, Konstantinos Lagouvardos,
Vassiliki Kotroni, Theodoros Giannaros, Athanassios Karagiannidis, Katerina Papagiannakis, Issaak
Parcharidis

BIG DATA ANALYSIS FOR NATURAL DISASTER MANAGEMENT THROUGH SOCIAL MEDIA

Nikos Athanasis, Dimosthenis Kyriazis, Marinos Themistocleous

CORRELATION OF FOREST FIRES AND DIFFERENTIATED HUMIDITY ON SLOPES (WINDWARD AND
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Preparing for Earthquake at Pre-Schools: The Role of Earthquake
Planning and Protection Organization

Asimina Kourou', Anastasia loakeimidou? and Eirini Karpontini®
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Abstract

In recent years there were several major natural disasters in the Mediterranean region. Among these disasters,
earthquakes have a lot of impacts. Greece is characterized by the occurrence of severe damaging earthquakes.
It is generally accepted that earthquakes reveal the vulnerabilities of communities, workplaces, households etc.
In order to build an earthquake resistant community, preventive planning is vital in mitigating impacts,
protecting the population and increasing the degree of resilience of local communities.

States worldwide have highlighted the need to ensure the safety of early childhood environments in case of
disaster. Taking into consideration that a great number of children are enrolled in day care facilities, building
and improving the pre-schools’ preparedness status becomes an important policy issue in order to prevent
injuries and fatalities in case of an earthquake. It is more than evident that preparedness in early pre-school level
will be increased through awareness and education of the people who work in kindergartens and provide early
childhood care.

The aim of this study is to present a holistic overview of pre-schools’ earthquake preparedness actions in Greece
and State’s relevant actions as well. More specifically, this paper focuses on two topics in the earthquake
field: the assessment of awareness and preparedness of Greek pre-schools’ staff concerning earthquake
protection issues, and the presentation of the national policy on improving the earthquake preparedness of pre-
schools in Greece.

In this framework, specific questionnaire was developed and filled in by the abovementioned target group
namely the personnel of pre-schools, established in different regions of the country, during 2014 to 2017. Results
and findings were analyzed to identify intervening, and facilitating factors that contribute to effective
disaster management. Overall, findings supported the idea that pre-schools’ Earthquake Raise Awareness
Initiative, that has been undertaken by Earthquake Planning and Protection Organization (EPPO) during the
recent years, provides one gateway through which pre-school environments can increase their resilience to the
effects of a major hazardous event. Findings also provided an initial foundation for further research in this
emerging area.

Key-words: seismic risk, earthquake emergency planning, pre-school, protection measures
1. Introduction

Vulnerability is the degree to which a population, individual or organization is unable to anticipate, cope with,
resist and recover from the impacts of disasters. Children, pregnant women, elderly people, malnourished
people, and people who are ill, are particularly vulnerable when a disaster strikes, and take a relatively high
share of the burden associated with emergencies (WHO 2002).

A disaster occurs when an extreme event exceeds the community’s ability to cope with that event. One way to
reduce disaster’s physical impact is to adopt emergency preparedness practices, which are pre-impact actions
that provide the human and material resources needed to support active responses at the time of hazard impact
(Lindell & Perry 2000). According to this approach the effects of the disasters can be mainly reduced if people
are aware, well informed and motivated towards a culture of disaster prevention and resilience (UNISDR 2015).
To this end, one of the priorities of the State and a key factor in effective disaster risk reduction is the
implementation of strategies and specific actions to raise public awareness (EU OSHA 2012). This could be
achieved through the development and dissemination of relevant information to improve knowledge about
seismic risk and the acquisition of skills for the effective management of seismic events at individual, family and
school level.
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In all over the world a lot of children under the age of five spend their daytime hours away from their parents.
Most of these children are in a pre-school. These schools are entrusted to provide a safe and healthy learning
environment for millions of children. Emergencies occurring during hours of operation require pre-planning.
Families and communities expect pre-schools to keep their children safe from natural disasters, so pre-schools
should take steps to plan for the potential earthquake events. Lessons learned from emergencies highlight the
importance of preparing school officials and first responders to implement emergency operations plans. “By
having plans in place to keep students and staff safe, schools play a key role in taking preventative and protective
measures to stop an emergency from occurring or reduce the impact of an incident. Although schools are not
traditional response organizations, when a school-based emergency occurs, the personnel respond immediately”
(FEMA 2013).

It is worth mentioned that preschools’ disaster plans should incorporate actions that referred to the four areas
of disaster management: prevention/mitigation, preparedness, response, and recovery. First of all, effective
emergency planning depends on a consistent analysis and comparison of the hazards that pre-school faces in
particular. This is typically performed through a hazard identification and risk assessment process in order to
decide which hazards the plan should prioritize and subsequently address. In Greece that is a country with high
seismicity, seismic risk reduction should be one of first priorities at family, workplace, community and national
level (ELINYAE 2008, Law N.3850 2010).

The earthquake emergency plan in kindergarten is an effective tool that includes a set of actions that must be
undertaken to reduce the impact of an earthquake and to ensure the protection of safety of all. This plan covers
procedures for an incident occurrence during school hours and defines emergency response operations such as,
evacuation procedures, communication plan, family reunification protocol, general emergency actions etc. This
plan should be reviewed by all preschool staff at least annually. The primary goals of the earthquake plan are to:

e Develop effective planning that will promote the safety and welfare of children and pre-school staff,
protect property, and regulate the operation of the pre-school during an earthquake event.

e  Prepare children and staff to take appropriate safety actions in case of an earthquake.
e  Provide parents with accessibility to guidelines and emergency procedures.

Earthquake Planning and Protection Organization (EPPO), is a State Organization and the competent authority
in Greece to process and design the national policy on earthquake protection. EPPO contributes substantially to
the development of earthquake consciousness and contributes to the development of seismic safety culture and
resilience through public awareness projects addressed to various target groups of the population, such as:
teachers, public servants, students, volunteers, people with disabilities, tourists etc (EPPO 2015). During the last
decade EPPO has implemented an Earthquake Raise Awareness initiative addressed to early pre-schools’ staff.

2. Methodology

This study has as a primary aim to present the results of a survey that investigates the knowledge, prevention
and readiness level of kindergartens’ personnel both at family and workplace level.

Since 2001, the supervision of state-owned kindergartens in Greece has passed to the Municipalities. The
supervisor structures operate either as Municipality's Legal Entities or Municipality's Divisions. The participants
of the present survey are personnel of municipal kindergartens, including educators and auxiliary personnel
(cooks, cleaners etc.) with a permanent employment relationship or a contract work.

A closed-form questionnaire was developed for the research, which contained questions regarding the
following: a) knowledge of self-protective actions in case of an earthquake b) existence of emergency planning
in the responders’ workplace such as hazard mitigation actions, development of emergency plan, performance
of drills and the responders’ perception about their level of preparedness in an event of an earthquake.

1378 questionnaires were gathered from January 2014 to December 2017 and analyzed. The questionnaires
were administered to responders during seminars organized by Department of Education — Information of EPPO.
The seminars entitled "Earthquake Emergency Planning at Pre-Schools Environments" are addressed to
kindergartens’ personnel. The research participants are employees in kindergartens from 32 Municipalities from
11 different regions of the country namely; Attica, Crete, Thessalia, Northen and Southen Aegean, Western
Macedonia, Central Macedonia, Eastern Macedonia and Thrace, lonian Islands, Peloponnesus, Thessaly and
Epirus regions.
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EPPQO’s initiative aims to develop earthquake-resilient kindergartens through awareness, self-help, cooperation
and education. Recognizing the necessity of integration of the disaster safety concept at pre-primary
environments, EPPQ’s actions are the following:

a. Implementation of seminars in municipality or prefecture level every year, in order for the early
childhood schools’ staff to be appropriately educated and adequately trained to face the earthquake.
These seminars take place in collaboration with competent Legal Entities or Divisions of Municipalities.
During these seminars, the personnel of all kindergartens of each Municipality are trained to
earthquake prevention and preparedness, with the aim to remain calm and in control of the children in
case of an earthquake and to follow specific documented procedures for safe exit, evacuation etc., if
needed. Furthermore, teachers and caregivers are trained to teach basic safety concepts to young
children, including drills and learning activities (using EPPO leaflets, educational kit) that can be
incorporated into lesson plans in a fun and fear-free way (Kourou et al 2017).

b. Development of educational material (guidelines, brochures, posters, presentations etc.) specifically
targeted to early childhood schools’ staff, children and parents (Fig. 1). In 2017 a Guide for Developing
Pre-school Earthquake Emergency Plan was prepared and published (EPPO 2017). EPPO recommends
that pre-schools should use this document to guide their efforts in developing or revising their
earthquake plan. The views expressed herein represent the collective expertise on earthquake planning
issues. Also, the shared approach facilitates mutual understanding, coordination, and execution of the
emergency management strategies.

c. Dissemination of EPPQO’s educational and information material concerning earthquake protection and
emergency management (presentations, editions, TV social messages, website www.oasp.gr, facebook
etc.).
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Figure 1: EPPQO’s educational material

3. Results of Survey
3.1 Knowledge of Earthquake Protection Measures

According to the results, a significant majority of the responders reported that they have experienced an
earthquake (Fig. 2), which is quite normal if we consider the fact that Greece ranks first in terms of seismicity in
Europe and sixth worldwide.

Exploring responders” personal perception of their knowledge concerning the appropriate earthquake safety
behaviors, it is worth noting that 74% of the responders answered that they are familiar with the proper actions
(Fig. 3). The “knowledge of appropriate earthquake safety behaviors” question is followed by more specific ones,
in an attempt to explore the seismic protection measures taken at individual level during the earthquake. At that
point sufficient deviation from the correct options was observed. More specifically, 67% of the respondents
consider as proper action during the earthquake to take cover under an interior door frame in a reinforced
concrete building, which is not true and it only applies to masonry buildings. Furthermore, 52% of the
responders stated that during the shaking they would stay still and do nothing to protect themselves.
Nevertheless, it is worth mentioned that the vast majority of the participants 79% are well aware that running
towards the exit is not the right action during the earthquake (Fig. 4).
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Fig. 2: Answers concerning the earthquake experience of the responders
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Fig. 3: Answers to the question: Are you aware of the appropriate earthquake safety behavior?
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Fig. 4: Answers concerning the earthquake protection measures during the earthquake
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3.2 Prevention and Preparedness Measures at Pre-School
3.2.1 Emergency Plan

Regarding the establishment of earthquake emergency planning in the responders™ work environment and their
level of preparedness, the results collected vary considerably.

When asked "Is there an earthquake emergency plan at your workplace?" 34% of the respondents replied
affirmatively, 32% negative and a percentage of 34% was a “do not know” and “no answer” (Fig. 5).

The non-existence of emergency plan could be due to the fact that the institutional framework for emergency
planning in kindergartens is not sufficiently clear as it is for schools.

For these reasons the last two years EPPO has intensified its efforts on the training of personnel in pre-school
environments. More specifically, in addition to other educational actions directed to the general population
(awareness campaigns, promotion of social TV spots, etc.), EPPO collaborates with the Ministry of Labor, Legal
Entities of Municipalities and others agencies, develops relevant training material and organizes seminars for
specific target groups.

= Yes
| No
m | don’t know

= No answer

Fig. 5: Answers to the question: Is there an earthquake Emergency Plan at your Pre-school?

It is well known that most injuries and fatalities occur because the ground shaking dislodges loose objects in and
out of buildings. Anything that can move, fall, or break when the ground starts to shake is an earthquake hazard.
Classrooms, homes, and all the other places where young children spend time indoors contain objects that could
cause injury or damage during a quake.

Regarding the questions "Have you fastened tall and heavy furniture on a wall?" and “Have you placed heavy
and fragile objects to lower shelves?” a rate of 67% and 79% of the respondents respectively said yes, while 24%
and 14% gave a negative answer. However, differences were emerged to the questions "Is there appropriate
emergency signage in the building?", where a significant majority 58% of the responders answered negatively.
Similar pattern revealed to the question "Has your building’s evacuation plan been posted in each classroom?"
where the affirmative responses of employees were limited to 25%, while the rate of negative responses was
59% (Fig. 6).
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Fig. 6: Answers of participants to questions about mitigation of indoor hazards

3.2.2 Earthquake drills

Earthquake drills and exercises are an extremely important part of pre-schools’ emergency plan because they:
a) teach children, staff and parents how to respond to the complications of an actual earthquake, and b) help
the staff to evaluate how well all parts of the emergency plan work together, and how well staff and students
have been trained. They allow to see how well things operate and to correct any problems, because when an
earthquake happens it is too late to discover that parts of the emergency plan may not work.

Regarding the question "Do you hold earthquake drills at your kindergarten every year?” 66% of the respondents
said no, 12% had a “no answer” response while the 22% gave an affirmative answer (Fig. 7).

=Yes
= No

* No answer

Fig. 7: Do you hold earthquake drills at your kindergarten every year?

Finally, the responders’ personal attitude on earthquake preparedness status at their workplace, was explored
by the question "Do you feel that you are prepared to face the consequences of a severe seismic event at your
preschool?". 342 out of 1378 participants responded that they feel prepared, while on the other hand the vast
majority, 1036 out of 1378, was negative responses including “No” and “No answer” (Fig. 8).
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Fig. 8: Answers of participants to the question: Do you personally feel prepared to face the impacts of an earthquake in
your pre-school?
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4. Conclusions

Proper risk assessment, including seismic risk, is crucial to create a safe environment. It is generally accepted
that earthquake emergency planning requires collective efforts on implementation, evaluation and continuous
improvement.

This research is an initial approach aiming to investigate the preparedness status of preschools’ employees of
from 32 different Municipalities concerning earthquake protection issues at workplace level. According to the
analysis of the survey results, it may be concluded that, the knowledge of participants about the self-protection
actions in case of an earthquake is generally good. Regarding the prevention and preparedness measures taken
at pre-schools, the results show that the employees have substantially low rates regarding the abovementioned
actions in their workplaces.

It is worth mentioning that EPPO has stepped up its efforts to build awareness, increase preparedness and
ensure emergency response at preschool environments, towards safety and welfare of all. However, there is still
much room for improvement in the attitudes and behavior of pre-schools’ personnel, particularly in the
acquisition of relevant management skills and adoption of effective planning in their workplace.

Achieving improved seismic safety is not only a problem but also a challenge to promote safety, minimize impact
and assist in a speedy recovery.

Nevertheless, it is extremely important that the implementation of effective programs and practices with the
broad collaboration of all involved parties has been recognized as essential in order to develop a comprehensive
disaster management system at pre-school environment.
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Abstract

Fire Service is a Public Safety (PS) Service that has a very important role to society by creating a stable and secure
life environment. It is a common fact that the lives of firefighters and the quality of Service that they provide,
depend a lot on radio communications. In mission critical services the Professional Mobile Radio (PMR) systems
are used by firefighters in the field of operations to support the mobility of these first responders. In this study,
aiming the improvement of the communication in the digital era we provide a review of the recent situation of
analog radio-communications system that is used by the Hellenic Fire Service at the moment and highlight the
limitations. Furthermore, we study the ever-changing needs of radio-communication systems on Fire Service
and we also provide a brief overview of well-known PMR technologies that are used by other mission critical
services in Europe. We conclude, with focus on the available digital technologies on the market highlighting their
limitations and benefits for the case of Hellenic Fire Service.

Keywords: Fire Service communications, Public Safety, Private Mobile Radio, Critical Communications, Digital
trunking technologies

Notes: The views and the conclusions contained in this work express only the author’s and should not be
interpreted as representing the official positions of the Hellenic Fire Service.

1 Introduction

Like all operations the communication between the partners is a major factor of success or failure of the
commitment that is undertaken. Moreover, emergency situations need communication in order to organise the
main activities as they always have great factor of heterogeneity. Emergency services around the world have
different means of communication during affronting an emergency case The most popular mean is Professional
Mobile Radio (PMR), also known as Private Mobile Radio or Land Mobile Radio, which are radio communication
systems used by most Public Safety organizations.

In this work, firstly we will analyze the analog PMR system that is used by Hellenic Fire Service and we will
highlight its limitations. Furthermore, we will emphasise on the basic prerequisites for a new digital system for
Hellenic Fire Service, based on some important functional requirements due to the particularly difficult
environments that should act. In the third part we analyse some of the most known technologies applied to
Public Safety communications and finally, we sum up the PMR technologies used from other European countries.

2 Hellenic Fire Service‘s Radio-communication system

The Hellenic analog PMR radio communications system established in the early of 70’s with the installation of
mobile radios in vehicles that were supported by a few repeaters which were deployed on hills nearby cities.
Some years later Hellenic Fire Service obtained portable radios improving the quality of service. The band used
was VHF low band (30-50) MHz but later on shifted to a higher frequency band, VHF (151-174) MHz, where the
systems can offer more frequency channels. Since then, the analog PMR system has been expanded all over the
country offering better coverage and services. In this analog era there was one exception during the Olympics
Games of Athens in 2004 when C4i project took place and the TETRA technology was used until 2014 for the
communication of all mission critical services for the region of Attica.

2.1 Functional description of the recent system at Hellenic Fire Service
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Currently the system that is used by Fire Service is an analog narrowband PMR with 25 KHz channel spacing
which operates in VHF (151-174) MHz band and UHF (420 - 450) MHz band. The UHF band is used as link and
the VHF band for radio broadcasting. Hellenic Fire Service is composed by 13 administrative regions and one of
them constitutes the major which is the Attica region. In each region, a dispatch centre has been installed to
control and supervise each mission of the local domain, as shown in Fig.1.

DeEpatchie
centre

T :UHF directional antenna
T :VHf omnidirectional antenna

Figure 1. A schematic structure of a dispatch centre which controls three different missions

at the same time.

Figure 1 presents a hypothetical scenario of three different critical missions that the dispatch centre is possible
to be confronted with. These incidents, that are geographically different, but exist at the same time in the same
region of responsibility need three different frequency channels with this current traditional analog system. Each
channel is used for different fire mission in order to avoid any conflict in communications. The VHF frequencies
are used for broadcasting voice in order to cover large regions of urban or rural areas and UHF frequencies are
used for links to connect the base stations with the supervising dispatch centre.

The radio coverage at the moment is at good level across the whole country and is consisted by almost 200 VHF
base stations, about 5000 portable and 3000 mobile terminals, to connect them with 130 dispatch centres.

2.2 System limits and common problems

Although the analog PMR radio communication systems are simple in use and have lower complexity than the
digital ones, the analog technology has many limitations and problems. One and maybe the most important is
that the analog PMR systems operate without any encryption for the radio communications thus can be easily
listened to by non-authorized users. Some other basic limitations are:

e Individual analog base stations and repeaters deployed on hills nearby cities that have no network
capabilities for interconnection among the system.

e Static (not easily programmable) simplex and semi-duplex frequency carriers that are not indicated for
the requirements of Mission critical communications systems.
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e Inefficient using of spectrum, because of each frequency carrier that has 25 KHz bandwidth offers only
one physical channel

e Technically, system operation is almost unable to monitor. Common failures such as battery alerts, Tx
power alerts, temperature, VSWR are complicated to diagnosed on time from far distances and for
multiple sites.

Due to the influence of these limitations, manufacturers have tried to improve the system by introducing some
sub-audible tones to secure analog communications and also transmitted tones for common failures but these
are not efficient ways to solve such problems. As a result, the digitalization is the only way to make the system
secure and reliable to the end-user and also for the dispatch control centre to have the whole control for
managing of the network system.

3 The needs of the Hellenic Fire Service communication system

The basic idea of a fire Service communication system is based on the principal of the voice of a fireman needs
to be heard. Assuming a premise that the personnel follows the basic principles of effective radio communication
which is a major factor of success or failure of a communication system and moreover, assuming that technology
is here to protect and help the good professional users of a system, the following description is a technical
approach of the system that could help Hellenic Fire Service to communicate, mainly during its Service (Schottke
and IAFC 2014).

3.1 The basic idea for a digital system

As the mentioned principal idea can be translated to the phrase that every fireman’s voice has to be heard,
under any circumstances on the right time from the right person, it automatically conducts the main strategy of
constructing the system with the basic following definitions and guidelines.

Each piece of information has value, which depends on the place, the time, the person and the meaning that is
communicated. The system must be smart enough in order to understand the value of information and decide
its path through the number of people using the system and trying to communicate. This is an asset that old
analog communication systems could not support to the extent that today’s technology can provide and can
only be done through multiple connections and a computer ordering the connections according to some
predefined rules.

With the knowledge of older complex analog interconnected systems, this inevitably means that radio
communication has to happen through a digital network in order to fulfil the functionality of being driven in
more than one directions and more than one priorities.

There are lot more opportunities, functions and functionalities rising up if that network is digital in all it’s extent.
This means that information is digitized from the human to machine interface, on the terminal. The main
advantage of such next generation communication system is that information-data can travel through networks
more easily when they are digitized. As a result, not only the heart of the system needs to be digital to get the
best networking result but also the terminals. This can also have disadvantages that are going to be discussed
later on the paper.

The second asset for such a system is to be simple. It has to be as simple as the analog press to talk system. In
situations like firefighting, users need to make simple and easy tasks to achieve communication. Moreover, it
should also be simple in troubleshooting as it is vital to work the most time with the less down time.

The third asset has to be durability, both in the side of terminals and in the side of network infrastructure. The
terminals are normally used in extreme environmental conditions like heat, water, dirt, explosive environments,
cold, pressure and noise. The part of network infrastructure has to withstand (be scheduled to do so) elimination
of grid power supply when it has to be highly available and extreme weather conditions like winds and rain. Has
to be protected of fires and other major destructive events.

Moreover, it has to be highly flexible in the aspect of place, time and extent, in order to provide enough
communication in every kind of situations (big or small events), lots of responders with high or low of voice
traffic, data with no priority or with high priority data.

Utmost, and basically in managerial point of view, the system needs to be demonstrably tested in other
occasions and from other services and not experimental in order to be manageable for the personnel of Hellenic
Fire Service which will be responsible for it. It has to corporate all the previous experience and knowledge of the
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technical staff and co-function with other useful - successful systems already purchased in the concept of
maximizing the profit of technology and minimizing the effort of the personnel to function systems as their main
role is firefighting.

Finally, it has to be interoperable in order to be adaptable to cooperate with other communication systems, ad-
hoc or in a more standard basis in order to provide communication with other crisis- responders.

3.2 The communication requirements for a digital Radio System

Mission critical communications are in need of instantaneous and constant connectivity to all terminal users
with the extra assets of efficiency and capacity. This is leading to digital trunking radio technology. The simpler
conventional systems provide communication only between users individually and in a specific geographic
coverage area. Trunking systems are computer controlled radio systems which are more complex than
conventional ones but they provide (SKMM 2009):

1. Plethora of radio channels for different group of users (talk groups).
2. More efficient spectrum usage because of frequency re-using.
3. Produce dynamic capacity of resources when it is required, offering flexibility to the system network.

For the operational requirements of first responders some organizations have identified common set of
characteristics, some of these are presented here (ETSI 2009; ETSI 2008; ITU 2003):

® Push-to-Talk (PTT): The user pushes a radio button and the radio transmits the signal to other units, the
release of that button is needed, to listen the other users’ transmission.

e Group Calls: This feature provides communication between one —to —many members of a group.

e Secure communications: Voice and other applications require encryption to keep communications on
PMR safe, in some cases required end-to—end encryption.

e TCP/IP Access: Voice and signalling are transported as IP packets over a network. This offers the
possibility of supporting multiple voice calls over one link and allows the mobile stations to access the
network through these IP protocols. .

e Emergency Alerts: This feature gives high priority to users whom lives are in threatening condition like
the man down functionality.

e User ID: This gives the ability for a user to identify who is speaking.

e Grade of Services (QoS): The call blocking in mission critical communications should be very low, less
than 1% for the worst case dimensioning scenarios.

e Radio coverage: Public Safety services are offered on 24h/7d thus requires complete radio coverage for
normal traffic. Extra resources should be available by the use of special equipment gateway that could
install on mobile terminal where the penetration through the walls is insufficient. Furthermore, the
direct mode operation (DMO) should be possible to establish between radio to radio in outdoor areas
without network coverage thus communications must be supported at least the terminals.

e Interoperability: Different organizations need to cooperate in an emergency situation thus
interoperability is required at various levels, between communication systems or products. Additional
gateways can be used to communicate with other digital standards.

3.3 The special operational domains above other Public Protection services

The safety of firefighters and the Service they provide depend on reliable and functional PMR radio
communication systems that have to function in very demanding and mostly electronic hostile environments.
The Hellenic Fire Service acting on these environments that have several different difficulties. Trying to organise
them on large categories, we can have the following ones (ETSI 2009, Hellenic Fire Service 2017):

e Urban domains: These areas are usually identified by high density of people and buildings like cities.

When a critical mission happens on such environments Fire Authorities has very limited area of
operation, and also need fast reaction time from first responders.
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e Rural domains and Forests: Identifies areas like countryside, mountains and hills with sparse or dense
vegetation. An emergency crisis in such environments is typically large in geographical domains and has
poor radio coverage as rural environments do not usually have an extensive communication
infrastructure.

e Ports and airports: Ports has similar demands to the urban areas but with small scale of responsibility
domain. In comparison to a generic urban environment, there is a larger presence of critical facilities
(i.e. traffic control centre) which should be protected or whose services should be maintained. Critical
facilities like deposit of dangerous materials like inflammable or chemical substances may also be
present.

e Air communications: Air support is extremely critical and gives an advance is dealing with large scale
wildfires thus it is important to have such communications especially in summer periods.

e Indoor areas: Fire Service almost always operates in indoor, areas like buildings and basements. Radio
propagation on these areas is strongly affected and harmed by walls and ceilings that degrade the
signal. Communication loss in that cases can highly endanger the lives of firemen’s who first respond.

e Underground and motorway tunnels: Tunnels for firefighters are special artificial environments where
we have high density of people who are untrained in the high risks of environment but use it in their
everyday life. This is an extreme environment on the radio communications. For example, in sub-
railways the radio-waves frequencies that can travel adequately are complexity defined and a network
of expensive infrastructure (radiating cable) has to be deployed to keep the communication feasible
with other in the tunnel and out of it.

4 Available digital technologies for public safety

The demanding of Public Safety communications are satisfied by a wide range of narrow band digital standards
such as TETRA, TETRAPOL, P25, dPMR, DMR. These are all trunking technologies, offering plenty of features and
services. Some of them are professional high-end systems whereas others are low-cost and low complexity
systems. All of them attended for Public Safety market and have been trusted from a lot of countries. Finally, we
summarize at the end of this work some of these standards that used for mission critical communications in
Europe.

4.1 Digital technologies on the market

Professional mobile radio (PMR) systems are described in standards or are standardized from official
organizations such as ITU, ETSI and TIA. Manufacturers produce their systems by these standards to provide
mobile radio services for specific target group of users compared to commercial cellular mobile systems that
apply on public. Subsequently a brief overview of PMR standards is provided where some features and
limitations are highlighted and also some general technical characteristics are pinpointed.

4.1.1 TETRA

Terrestrial trunked radio (TETRA) is a professional high-end radiocommunication technology that is designed for
mission critical services and developed by European Telecommunications Standards Institute (ETSI) as protocol
ETSI EN 300-392 (Dunlop et al. 1999). The Tetra and Critical Communications Association (TCCA) has established
this technology in 1995 and introduced it in the market three years later. Currently includes multitude of
representing organizations from equipment manufacturers, operators, Service providers, as well as other
interested parties. Some of the main features of the TETRA technology are (Onali et al. 2011; US Fire
Administration 2016; IAFC 2005; TCCA 2010):

e High security technology that provides encryption for radio path between terminal and base station
and also support end-to-end encryption.
e Trunked mode operation (TMO) and also DMO operations are supported by this standard.

e Interoperability of terminal radio equipment from multiple vendors also supports gateways to
communicate with other digital standards
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TETRA uses 4-time slots TDMA multiple access and is operated in UHF band (380 — 520) MHz with 25 KHz channel
spacing. Also this technology typically supports data rates up to 28.8 Kbits/s. An evolution of TETRA, the TEDS,
offers higher data connectivity up to 500 Kbits/s using wider radio channels (50, 100 and 150 KHz) (Camara and
Nikaein 2015; ETSI 2010). Nowadays TETRA is widely used in mission critical services because of the features and
security that provides, however, the base stations that are used have small range coverage that increases total
cost.

4.1.2 TETRAPOL

Tetrapol was the first large scale digital PMR network that was targeted for Public Safety usage on the
requirement of the French police forces in 1980 (Ferrus and Sallent 2015). Is the main competitor of TETRA in
Europe, it has unique architectures and has never been applied as an ETSI standard although it was recognised
by ITU (ETSI 2010). Tetrapol is also a high-end trunking technology developed by French company named Matra
and nowadays the development remains in the hands of industrial group of Airbus Defence. Some major
characteristics of this technology are (Ketterling 2004):

o A multilevel priority is supported with override of busy channels, as well an emergency button exists to
set up high-priority call to a dispatcher site or to a predefined group of users.

e DMO operation is supported among two or more mobile stations, however does not supported
between digital portable terminals.

e Limited vendors support this standard that influences on the flexibility Tetrapol supports gateways for
connection with other systems i.e GSM.

Tetrapol is based on FDMA multiple access and operates in VHF (150-174) MHz, UHF (380-520) MHz and 800
MHz bands with 12.5 KHz channel spacing. Tetrapol solutions are mostly adapted in networks with few users
covering a large area, which is typically the case in single agency networks. Tetrapol provides data rate channels
up to 8 Kbits/s. This technology compared to TETRA needs lower minimum signal to noise ratio and signal to
interference ratio limits which means that Tetrapol can operate with larger cells something that implies lower
infrastructure costs (Dunlop et al. 1999).

4.1.3 Project 25

Project 25 (P25) is a digital PMR technology announced in 1989 to replace analog systems and was firstly
developed by Telecommunications Industry Association (TIA) as a standard TIA-102. P25 is sponsored by the
Association of Public-Safety Officials International (APCO), the National Association of State Telecommunications
Directors (NASTD) and other agencies. This technology is used widely in United States public safety market
whereas in Europe is used only in Latvia. The main benefits of this technology are (Baldini et al., 2013; ITU 2017):

e P25 offers high security using AES encryption and provides end to end encryption among digital
terminals.

e Allows effective, efficient and reliable intra agency and inter-agency communications.

e The system is fully reconfigurable and supported DMO and TMO modes where needed, also allow
analog connectivity between the P25 digital terminals with older analog FM radios.

The P25 technology operates on different frequencies bands like VHF, UHF, 700, 800, 900 MHz. The evolution of
P25 was separated in two phases which cover 2 different access methods. P25 Phase | functions on FDMA with
channel bandwidth 12.5 KHz and Phase Il functions both on FDMA and on TDMA with channel bandwidth of 12.5
KHz (Camara and Nikaein 2015). It supports data rates up to 9.6 kbits/s for Phase | and 12.5kbits/s for Phase Il
respectively. The Project 25 offers high power base stations that lead to larger cells coverage whereas the cost
of the P25 remains at high level.

4.1.4 Digital PMR

Digital PMR (dPMR) is a digital radio communication protocol developed by ETSI and firstly announced in 2007.
This standard firstly introduced as a s a allow-cost peer to peer solution for licence free operation in 446 MHz,
also called as PMR446. This first version of dPMR (mode 1) has been improved on the next version (mode 2) to
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attend to licensed professional market with repeater mode operation and later in mode 3 for trunked operation.
Tire Il was introduced in 2013 as ETSI TS 102-658 standard and some major system characteristics are (Digital
PMR-mou 2010):

e dPMR mode 3 offer digital trunking technology

e |P connectivity between sites but not IP-based for end to end users, also gateways are supported for
communications with other digital technologies.

e Low complexity and also infrastructure cost but for larger solutions the radio systems become more
complicated.

The dPMR technology tier Il operates in UHF (400 — 470 MHz) and uses FDMA access method offering low cost
digital voice and data communications with 6.25 KHz channel spacing and can achieve data rates up to 4,8 kbit/s.
The limitation of this technology is that sponsored by two vendors (Kenwood and lcom) in the market.
Nevertheless, this technology is used and trusted by many countries and has many applications on
transportations, public and private security implementations in Europe.

4.1.5 DMR

Digital Mobile Radio (DMR) is an open standard defined by ETSI as ETSI TS 102-361 in 2005. DMR has lower
complexity than TETRA and is capable to satisfy the needs of many PMR users and organizations. This standard
has been completed in three versions (Tiers |, 1I, lll) with first one operating on license free band in 446MHz like
dPMR. Tire Il covers licensed frequency bands from 66 to 960 MHz and attended for users who need high quality
voice services. Latest DMR Tier Ill is a licensed trunking system with a controller function that automatically
regulates the communications. Some of the key features of this standard are (Ferrus and Sallent, 2015):

® Applies state of the art forward error correction.

e DMO and TMO both as conventional modes are supported (conventional is the communications
between radio to radio via repeater)

e A lot of vendors are supported this standard thus DMR has wide interoperability among different
manufactures terminals.

e [P data services for mission critical communications are supported.

All DMR Tiers have channel spacing of 12,5 KHz using a 2- slot TDMA multiplexing and also the data rate is up to
9,6 kbit/s. DMR Association has been created to support this technology due to influence of that, DMR found
great acceptance by the manufactures and nowadays is one of the most widely supported digital business radio
standard worldwide.

4.1.6 LTE

Long Term Evolution (LTE) is introduced by 3GPP in Release 8 as a standard for mobile broadband
communications in 2008. Is the evolution of GSM technology with intermediate successors UMTS, HSPA and
(HSPA+), although it is widely used for commercial cellular network in the Public Safety services progress has
been made from Rel 12. Public Safety organizations recognized the capabilities that the LTE could offer as next
generation Public safety standard thus 3GPP have been starting to support it. Some of the characteristics of LTE
for PS so far included (Forge et al., 2014; Liar and Mayer, 2017):

e PTT functionality fully supported from Release 13.
e Also supported broadcast group calls, emergency group calls, emergency alerts

e Some encryption functionalities offered especially for media and control signalling.

e Smalls cells of coverage because of the limitation that current systems provide at higher frequency
bands.

LTE is a wideband OFDMA technology with scalable bandwidth from 1.4MHz to 20MHz. Currently LTE uses a lot
of frequency bands whereas in future for PS is being planned the UHF band (400-450) MHz to be used. This
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frequency band offers better propagation and the building penetration (Forge et al., 2014) that this lower bands
offers. Although LTE is not fully operational technology for PS yet, it is used as supportive standard to the other
technologies because of the high bit rates provided (tens of Mbits). Furthermore, it is believed that in most
countries the PMR networks are starting slowly to phase out and the narrowband technologies are expected to
operate another 15 years until replaced from LTE.

4.2 Mission critical communications of Fire Authorities in Europe

The upper mentioned PMR technologies are used from European Public Safety services for mission critical
communications, as shown in table 2. Each one of these upper mentioned technologies has some limitations
and also some benefits, however a parameter that cannot been neglected is the system total cost that includes
capex and Service level agreement (SLA) costs (Forge et al., 2014).

Mission Critical communications in Europe
Network Network
Countri Technol Countri Technol
ountries System echnology ountries System echnology
Airwave Mixed
United Kingd N Nodnett TETRA
nited RINgAOM 1 otwork | (TETRA/DMR) orway odne
. Hybrid
Finland VIRVE (TETRA/LTE) France INPT Tetrapol
Netherlands C2000 TETRA Spain SIRDEE net Tetrapol
Germany BOS TETRA Croatia CRONECT DMR
Sweden RAKEL TETRA Czech Republic Pegas Tetrapol
Latvia Latvia Mol P-25 Switzerland Polycom Tetrapol
Belgium ASTRID TETRA Slovakia SITNO Tetrapol
Austria TETRON TETRA Italy SOLAS under
competition
. Hybrid
Poland NEXENGE dPMR Est ESTER net
olan stonia ne (TETRA/LTE)

Table 2. The Radio Communications in Europe at the moment.

In Table 2, the PMR technologies are presented, that used by others Public Safety organizations in Europe. Most
Fire Authorities of these countries are using TETRA and TETRAPOL as the most common and trusted digital PMR
systems. Lately, there is strong interest by manufacturers to engage the LTE technology on their systems (TETRA,
P-25, DMR) and apply of the benefits that this technology could offer. However, these combinations lead to
hybrid solutions which are more complex in configurations than the usage of each PMR technology individually
(Forge et al., 2014). As a result, LTE technology is on early stage to be used as a single solution on mission critical
communications and cannot replace others at the moment.

5 Conclusion

In this paper, we analysed the system that Hellenic Fire Service uses as communication system today, and then
we supplied, briefly, the requirements and the scope of them for the transmission to a new communication
system. Finally, we ended up with an extensive summary of the systems supplied at the market today and their
usage from European countries. The choice of the most appropriate technology is not an easy task as it should
complete the requirements of the Hellenic Fire Service and should be cost efficient on the same time.
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Abstract

The goal of this paper is to propose a safe and effective way to inform citizens of an emergency situation in
Greece, a country where hundreds of situations such as, forest fires, earthquakes and floods happen every year.

The new technologies allow people communicate through a variety of ways such as SMS, e-mails, social networks
etc. The most popular device for citizens’” communication is their mobile phone. Consequently, researchers and
safety stakeholders tend to use these technologies as public warning systems, in particular mobile short
messages and the cell broadcasting method, which predominates in many places. However, Greece is still lagging
in the area of public warning systems, wherein the mass media usually take this responsibility.

This paper proposes a new method for a public warning system in Greece, aiming to instantly inform the citizens
that are in a place of disaster with a simple and informative way. The proposed methodology was evaluated by
the citizens and the results were very encouraging, indicating that citizens found it easy, useful and effective for
public warning (Soulopoulou, 2018).

Thematic area:  Public Warning System

Keywords: cell broadcast (CB), civil protection, public warning system (PWS), cell broadcast worldwide,
P.A.l time

1. Introduction

At all stages of a crisis, communication between its managers is considered necessary. The speed and quality of
crisis management depends on the quality of communication. That's why we always look for secure channels of
communication, in order to avoid leaks and any false news that are intentionally diffused to cause greater panic
and chaos situations.

The same happens in emergencies where safety of citizens is involved. We do not have to deal only with the
intra-communication of the managers, but also with the reliable and timely information of the citizens, so that
they can act if they need to be coordinated, without panic, always helping the work of the emergency managers.

This channel of geographically targeted, authoritative and timely informing of citizens is found in the application
of the cell emission, where via text messages to citizens ' mobiles will be made these updates, which can be
instructions.

In Greece this method still does not apply despite the attempt to create a single coordinating center for civil
protection. In Europe and the rest of the world, the same method is acceptable as the best method of informing
citizens in emergencies.

1.1 Worldwide methods of emergency alert today

Today’s Emergency Alarm Methods they consist of a mixture of technologies such as:

. Sirens

. Radio

. TV

. Telephony
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. Mobile messages
. Social networking messages
. Messages via Email

The above methods are no longer adequate to ensure public safety. The plethora of mobile phones makes them
an ideal channel for a modern approach to a state of emergency, ensuring that as many people as possible can
be brought to safety.

Data shows that the world citizens have access to mobile telephony. Today there are about 5 billion mobile
phone subscribers worldwide and up to 2020 is expected to increase to nearly 6 billion, about two thirds of the
estimated world population (chart 1) (Statista, 2018).

Worldwide unique mobile subscribers
by region from 2010 to 2017
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Chart 1 Worldwide mobile subscribers from 2010 to 2017
Source: for the years 2010 — 2016 Statista (Statista, 2018) August 2017
for the year 2017: GSMA Intelligence data December 2017 https://www.gsma.com/mobileeconomy/#

In 2016, 100.70% of the world's population already had a mobile phone per inhabitant worldwide. The
penetration of mobile phones is predicted to continue to increase, since 2017 exceeded 104% (chart 2). Most of
the growth in the mobile telephony market can be attributed to the growing popularity of Smartphones (Statista,
2018), (International Telecommunication Union, World Telecommunication/ICT Development Report and
database (1), 2018).
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Worldwide mobile users (%)
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Chart 2 Worldwide mobile users (%) from 2008 to 2017
Source: (International Telecommunication Union, World Telecommunication/ICT Development Report and
database (1), 2018)
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Chart 3 Greece mobile users (%) from 2000 to 2016
Source: (International Telecommunication Union, World Telecommunication/ICT Development Report and
database (2)., 2018)

In Greece, we see a huge increase in mobile phones culminating in 2008, where mobile users were 120.80%
compared to its population that year. (chart 3). This The number of users is falling slightly due to adverse
economic circumstances in recent years, but never below 100% (2013 — 2014), while from 2015 we are seeing a
slight increase at a growing rate. Therefore, the access of the Greeks to a mobile phone device today is fully
covered (International Telecommunication Union, World Telecommunication/ICT Development Report and
database (2)., 2018).

1.2 Alerting of emergencies in Greece

In Greece, citizens ' warning method is to use loudspeakers on vehicles. Of course, a very widespread notification
system is also the use of churches’ bells, perhaps the most functional today. Of course, the bell makes a certain
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sound and it is not possible for the citizen to understand whether the notice concerns fire, flood or anything
else.

In recent years, a very large share in informing citizens in Greece, is held by the media. Until a few years ago
these were the audiovisual (television and radio), while for about ten years ago the social media have emerged
in everyday life.

e Today the new telephone center "112" is implemented with a modern infrastructure for the emergency
Communication Management system which consists of the following sub-systems:

e  Emergency Call Management System (112 ECMS) with geo-detection capability (after 1Q 2019)
e  Citizens’ Alert System (112 Greek PWS) with cell broadcast technology
1.3 Why Cell Broadcast and not SMS

The channel of message information on the mobile phone is done using the cell broadcast method. Many
countries worldwide apply the cell broadcast from 2005 for PWS as South Korea, Japan, U.S.A., Israel, Peru, Chile,
New Zealand, Netherlands, Norway, Lithuania etc.

Cell broadcast technology can be a reliable source of information at a specific location, especially for people in
motion (including those visiting other countries). There are three main reasons for the use of the hive in
emergency situations. (Belesioti, et al., 2009).

1. Firstly, it is that this possibility already exists in the majority of network infrastructures and mobile
equipment, so there is no additional need.

2. Secondly, it does not cause a traffic charge in the telecommunication networks, which is very important
during a crisis, when the load spikes tend to collapse the networks.

3. Thirdly, high scalability is possible due to the independence of the system's performance from the
number of terminals and the provision of equal quality of service to all users.

The following is a comparative table between the cell broadcast (CB) message and the SMS message (table 1).
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Characteristic Shor e Service (SMS) ) roadcast Service (CBS)
__

Transmission Type Messages sent point-to-point. Messages sent point-to-area

Message Dependency on NO - message received independent of location, only YES - all mobile stations within a defined

Lasiien registered numbers notified. geographical area notified

Sensitivity to Disaster Will often succeed in poor radio conditions, due to air Broadcasts are sent on dedicated channels

network conditions occupancy for a short message of only a few tens of therefore congestion unlikely, though delays to
ms. Uses signaling radio message delivery may occur in areas of poor
channels, which can be subject to congestion in a coverage.

disaster. Huge volumes can be
subject to delays if sent during a disaster.

Roaming. Visitor often reliant on home network for nr g M delivered to ALL mobile stations

i)

routing present in target cell.

Messaoe _

Message Size 140 160 characters. Maximum of 5 messages can be Maximum of 15 Concatenated Pages
concatenated 93 characters.

Message Display Display can be controlled by user For subscribed handsets messages can be
automatically pushed to the screen and a
distinct alert sounded

Notification

Reception Message received once the mobile is switched on. No message received if broadcast is sent whilst
mobile is switched off. However, if updates to
the cell broadcast are sent, they will be
received when mobile is switched on.

Language selection No. Identical to all receivers Yes. Messages can be broadcasted in
subscriber’s preferred language

Table 1 Overview SMS vs Cell Broadcast
Source: GSMA: Disaster Response. Mobile Network Public Warning Systems and the Rise of Cell-Broadcast
(www.gsma.com, 2013)
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2. Proposal
2.1 Protective Action Initiation time

There is almost always a delay between receiving an emergency alert from the citizen and initiating protective
action. This time difference is known as protective action initiation time (P.A.l). An important area when
searching for the design or improvement of an PWS message is intended to shorten this period of time.

Factors that affect a person's PAIl time, are:

. Milling
. Reunification
o Prepareness

Then it is converted to how the content of the message, the context of the message and the characteristics of
the message receiver can also affect the PAI time (National Academies of Sciences, Engineering, and Medicine,
2018)

Providing valid and timely communication is one of the most important tasks of a public authority towards its
citizens. The responsibility of broadcasting a CB message for the purpose of informing citizens in a state of
emergency is great, especially in trying to transmit the right directions and not "fake news" as much as they do,
taking advantage of situations, namely the high feeling of insecurity and risk of citizens, adversely affecting PAI
time.

The constant flow of messages to the event's course gives the citizen a sense of security as he sees that help and
rescue services are involved in this. The messages must be simple, indicate the issuing body and not conceal the
truth at all.

The information system for citizens must be and remain in their conscience solvent. Whenever it gives a tip, it
should be believable and whenever it gives a command it should be executed without hesitation.

Let's not forget that all messages can be transmitted in the language that the mobile phones are opened.
Therefore, the information in the targeted area can be taken by any citizen in its own language.

All these are inviolable ethical and practical rules for the implementation of the system cell broadcast. Based on
these rules, | present below my suggestion for message tabs, design exclusively mine, trying to be simple and
comprehensive.

2.2 Cell Broadcast Message’s Tab

Public warning messages are more likely to motivate appropriate and timely public protective actions if the
warning messages contain information on five topics: guidance, time, location, risk-consequences, and source
(National Academies of Sciences, Engineering, and Medicine, 2018).

The characteristics of the message receiver that affect PAl time are human factors such as age, gender, ethnicity,
disability and socio-economic situations. It has also been found that those who are younger, have achieved
higher levels of education, and are employees, gender (more men than women), are more likely to interpret
emergency warnings better and act faster i.e. shorter PAI time (National Academies of Sciences, Engineering,
and Medicine, 2018).

These features were designed and the Standard tab (fig. 1). The tab that will appear on the mobile phone should
be simple and quickly understood by all citizens.
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Message’s date Message’s type
Message’s time

Main message

Message’s editor
e Citizen's communication

Message’s button

colour coding

Figure 1 Cell broadcast message’s standard tab

The tab consists of two frames, which create an empty space between them, which will be colored according to
the type of message (color code). It is an innovative proposal of work aiming at minimizing PAI time.

By placing the five topics mentioned above, in the inner frame, we design header and footer. The header will
indicate the date (left) and the time (right) of the message for the time, while in the middle the type of message
with uppercase bold characters to categorize the risk. The footer will indicate the body issuing the message
(source).

The source of the message issuing cell broadcast will be (The President of the Greek Democracy and the Greek
Parliament, 2003):

e Local government agencies (OTA)
e  The administrative regions
e The General Secretariat for Civil Protection (G.S.C.P.) through " 112~

In the main message area, there will be a concise message for guidance and consequences, which may contain
additional information, wherein the citizen will be able to press at the end of the message "see more..." and the
tab will open in a full-text page.

Warning! The length of the message should not exceed the 240 Characters because, the larger the message, the
more we grow the citizen's time PAI (National Academies of Sciences, Engineering, and Medicine, 2018).

Finally, do not forget people with disabilities where a long message may make them very difficult to read but
also to understand.

In special cases where the message asks for an answer or confirmation in a message — question, then there will
be the communication keys within the message body. My goal is to design a simple, simple but comprehensive
and comprehensible tab, where the citizen will find all the necessary information and orders.

2.3 Messages categories
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As we understand, all messages will not be of the same type. The innovative proposal is to divide into three
categories, and even have a color code:

e Update messages (green color)
e Warning messages (yellow color)
e Danger messages (red color)

The color code was selected according the Griffith & Leonard at «Association of colors with warning signal
words» (Griffith & Leonard, 1997), where the greatest correlation with the "risk" is the red color (79%) and the
greater correlation with the "warning" is the yellow color (45%). Green with (40%) and blue with (47%) They
have a greater correlation with "attention". We choose the green one and the "update" does not have the gravity
of "attention", leaving the blue free for future use.

2.3.1 Update messages
Green messages will be aimed at simply informing citizens.

For example, waiting for heat in the next few days, messages can be as follows (fig. 2):

U PDATE 12:44 EET

111/08/2015

According to weather forecasts, a heatwave is
expected in the next two days. The municipality’s
air-conditioned places that will accommodate
citizens from 08:00 to 22:00 are the following:

... See mare

MUNICIPALITY OF NEAPOLI - SYKEES

Figure 2 CB update message. Source: A local government agencies

2.3.2 Warning messages

The yellow messages will aim to draw citizens' attention to a fact. In the two warning messages (fig. 3) We also
cite the areas of targeted transmissions Cell Broadcast (fig. 4).

2.3.3 Danger messages

The red messages will be aimed at bringing citizens to their vigilance for an event (fig. 5). This will be messages
information that give guidance — directions to citizens in the targeted area (fig. 6) with a message cell broadcast,
the way they should act. The instructions will be simple, in an imperative style, giving the severity and necessity
of executing the message.

Another case is to ask citizens to state whether they are safe or need help, after a disaster or in general, after a
crisis in which citizens are exposed

The proposal is the transmission of a cell broadcast message in an area, where the citizen will be asked if he is
safe and the one who needs help, pressing a specific button on the screen will be tilted to the " 112 " with the
aim of geo-detection. At the same time, it will send SMS to a specific mobile number of “ 112 ™ with its
coordinates, wanting to cover the event of a fall or overload of the network.
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SUNDAY WARNING 08:11 EET

10/12,2017

Fire in a shopping mall. To facilitate the
extinguishing work, the following routes are
suspended:

... See maore

MUNICIPALITY OF KAVALA

Figure 3 CB warning message. Source: An administrative region

Figure 4 Map where is designed the targeted transmission area of the figure’s 3 cell broadcast message

So, hypothetically, after an earthquake where there are found trapped or seriously injured citizens, we create a
message of danger, where we inform them that the assistance and rescue services have arrived, and the rescue
work has begun.

At the end of the message we will recommend them to indicate if they really need help. Then press the "SOS"
button or press the "I AM O.K." key (fig. 7). The "SOS" button will send our coordinates to "112" asking for help.

With the answers that will come, we will be able to have a first image (the users of the "SOS" button need help
and we focus initially on them while the users of "I AM O.K." is a crowd that is in the hot zone and must be
removed) very close to real and without the aid and rescue services yet to arrive. The correct image helps us to
organize and manage in a very good degree the forces of the first responders in the hot zone of the incident.

At figure 7 is presented the proposal for such cases.
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e DANGER

18/04,/2016

Potential tsunami with significant widespread
inundation (forecast 2-3 m) is expected in<0.5 hr

on the shores of West Peloponnesus and the

SSW coastline of Zakynthos Island.

Move away from the coastline >200m.

GENERAL SECRETARIAT FOR CIVIL PROTECTION

Figure 5 CB danger message. Source: G.S.C.P.

Figure 6 Map where is designed the targeted transmission area of the figure’s 5 cell broadcast message
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MONDAY DAN G E R 17:24 EET

18/04/2016

You're into an area that probably there are
seriously injured or trapped people.

You need help ?

505

GENERAL SECRETARIAT FOR CIVIL PROTECTION

Figure 7 CB danger reply-enabled message. Source: G.S.C.P.

2.4 Legal framework

The processing of personal data should be intended to serve the person. The protection of individuals regarding
the processing of personal data is a fundamental right.

Article 8 (1) of the Charter of Fundamental Rights of the European Union and article 16 (1) of the Treaty on the
functioning of the European Union define that each person has right in protection of data staff character that
the relating.

Rapid technological developments and globalization have created new challenges for the protection of personal
data.

The above proposals are some of the recitals of the Regulation (EU) 2016/679 of the European Parliament and
of the Council, with effect from 27 April 2016 (European Parliament, Council of the European Union, 2016), on
the protection of natural persons with regard to the processing of personal data and on the free movement of
such data, and repealing Directive 95/46/EC (General Data Protection Regulation). A regulation to be adopted
by national parliaments. In Greece, the bill was submitted to a public consultation from 20/02/2018 to
05/03/2018. Not yet published the relevant law officially.

Regulation (EU) 2016/679 in recital 46 of the Official Journal of the European Union, says:

«The processing of personal data should also be regarded to be lawful where it is necessary to protect an interest
which is essential for the life of the data subject or that of another natural person. Processing of personal data
based on the vital interest of another natural person should in principle take place only where the processing
cannot be manifestly based on another legal basis. Some types of processing may serve both important grounds
of public interest and the vital interests of the data subject as for instance when processing is necessary for
humanitarian purposes, including for monitoring epidemics and their spread or in situations of humanitarian
emergencies, in particular in situations of natural and man-made disasters. » (European Parliament, Council of
the European Union, 2016).

The application of the above regulation to Greek law will continue to give the right to use personal data without
the permission of the citizen, since there will be a matter of national security such as the treatment of
emergencies.

2.5 Information and education for citizens

With the operation of cell broadcast In Greece, citizens should first be informed about the new way to transmit
messages in emergencies.

They need to be helped by civil protection in decoding the messages they receive on their mobile phone, that is
what they see and how they should react. We will first achieve it with small informational advertisements
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(jingles) on the radio, on TV, on social media. Per month, test shows on the first Sunday of each month will
enable the citizen to familiarize themselves with the new information system.

Very important in this period is the communication of the citizen through questionnaires with civil protection.
The conclusions of the evaluation that will result from the feedback with the help of the questionnaires will
provide very important information for the modification and improvement of cell broadcast. The feedback will
be made through a renewed page of civil protection, which will be given other sound information about the cell
broadcast as:

. When will the next check message be transmitted

. How do | know that the message | received is a control message rather than an emergency?

. When does the civil protection body issue an audit message

. I haven't set up my phone for messages cell broadcast, but | have received a verification message. How
is it possible

. My mobile phone gives other sounds with the notification control message rather than regular

messages. How is it possible

. I don't want to receive control messages. How do | remove the registration and other frequently asked
questions (FAQ) to be formulated through the questionnaires?

The frequent emission of test messages for the first period, perhaps one or two years, will bring the citizen
familiarity with the new information system. After this interval, test message emissions can be performed twice
a year to control the system.

3. Related applications
3.1 Today in the Netherlands

In the Netherlands, the feedback of the latest PWS test message broadcast with the cell broadcast method
(04/06/2018), 76% of citizens over the age of 12 received and responded to the message (fig. 8).

Noodwaarschuwing:
extreem ernstige
melding

4 jun. 12:00

NL-Alert 04-06-2018 12:00

CONTROLEBERICHT. Uw
telefoon is juist ingesteld
voor NL-Alert. U hoeft niets
te doen. Meer informatie op
www.nl-alert.nl

OK

Figure 8 The message cell broadcast of the latest test show in the Netherlands (04/06/2018)

The Minister of Justice and Security in an interview at Metro (Ferdinand Grapperhaus, 2018), says that "... What
is special about the NL alarm system, | think, is that national and local messages can also be transmitted. "

In another report, the same minister said that the government has access to many ways of warning citizens: NL-
Alert, crisis.nl, emergency stations, social media and the own resources of the security areas. Effect of sirens
removal the sirens remain active after first of January 2020 (Ferdinand Grapperhaus, 2018) (Government of the
Netherlands, n.d.).

3.2 Today in the United States.

In the U.S.A. although cell broadcast is used, another problem has been encountered in informing citizens,
usually receiving notifications from a patchwork of state and local agencies, using different platforms and
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messaging systems, often with part-time staff, said Denis Mileti® . “... For all practical purposes we do not really
have a national warning system. " (Whitcomb, 2018).

For the above reasons, on 03/10/2018, the first test was conducted, the new nationwide system (Wireless
Emergency Alert System) in the U.S. by FEMA and IPAWS. The federal government developed a system for issuing
warnings, which are planned in coordination with numerous government agencies. It is cell broadcast message,
as tested by local governments according to the FCC more than 40,000 times since 2012. The messages will be
limited to 90 characters but will be extended to 360 in the future. The first message was sent by the President
of the United States. (Zraick, 2018) (fig.9).

Figure 9 The original test message from the U.S. emergency security system on 03/10/2018
4. Building the new PWS in Greece

It is proposed to adopt the cell broadcast technology, with messages of 240 characters. As we have seen,
technologically Greece is almost ready to make cell broadcast emissions (112 Greek PWS).

100% 99,9% 99,9% 99,9% 99,3% 99,4% 99,6% 93,0% 98,0%

83,0%
80%
60%
40%
20%
0
2G 3G 4G

m2015 m2016 m2017
Figure 10 Evolution of the percentage of population coverage of new generation networks in Greece

xX

Source: EETT https://techmaniacs.gr/eett-axiosimeioti-ayxisi-toy-posostoy-plithysmiakis-kalypsis-diktyon-4g-
stin-ellada/

According EETT (fig. 10), Greece at the end of 2017 had a population coverage of 4G network at a rate of 98%,
which allows us to count on the messages of 240 characters, we can add WEB links like “see more...” on the tab,
without exist (theoretically) a problem in the network when transmitting the message, something that is applied
in the Netherlands (fig. 8). This requires first research on:

e The proper functioning of the network

1 Honorary professor at the University of Colorado in Boulder
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e To determine which information should be included and
e How to better display additional information

The proposal for the implementation of the work contains a first implementation plan of the cell broadcast, with
simple, intelligible and color coded (innovation) messages, giving weight to the message and the necessity of its
faithful execution.

According to Paraskevi Soulopoulou (Soulopoulou, 2018), in research into the implementation of cell broadcast
in Greece, the recommended update tabs have too much acceptance, are considered useful and
understandable.

Another point that we will give weight is to inform and educate the citizen about its use and the necessity of
feedback (as in the Netherlands) after each training, a point that is found by the above research (Soulopoulou,
2018).

Here we will make a special mention of people with disabilities who are capable to serve themselves and are
familiar with the use of the mobile. According to Soulopoulou (Soulopoulou, 2018), there are many ways to
perceive the message on their cell phones, but the way that understand the cell broadcast message and then
they will act (time PAl), is a matter of future research.

The application of cell broadcast will not abolish the existing methods, because the citizen must first learn in this
way, the transition must be done smoothly. Of course, today's information methods in Greece may use new
technology and new methods of communication, such as social networks, but are lag from the proposed method
because:

e The citizen is informed without any charge (free charge) to a device (mobile phone) that is proven in
Greece has users of at least 110% of the population

e You don't have to look for, but it appears directly on your screen.

e ltis not affected by the load on mobile networks or by any power failure and is transmittted directly to
all citizens in the targeted area, without being affected by their number

e The message can be transmitted by instant compilation in the language of the mobile phone

The update is not restricted by the focused geographic area. This area may be from a building block to the whole
of the Greece.

5. Conclusions

Authorities and emergency response teams must inform citizens from the initiation of an emergency until the
return of society to the normality. In our country this is not usually successful, but on the contrary, an
opportunity is given to too many persons to disorient the terrified citizen with fake news.

The new method proposed can immediately, constantly and with the right instructions guide the citizens who
are within the area where the event takes place. This avoids misinformation and disruption of the operation
carried out by civil protection forces. Of course, the risk of the use of cell broadcast technology in applications
other than emergencies, is the risk of not being accepted by the citizens by creating a climate of obsolescence.
It is initially proposed to be used only for emergencies.

The cell broadcast is a new method that is applied in many countries successfully. It has been used in many
emergencies by giving the right orders — directions to citizens, helping them save their lives.

A method that can be used in the huge problem of migration, where people who do not speak Greek or
sometimes none of the international languages (English, French and German), but who hold mobile phones,
must receive instructions on where they are and what they should do.

Finally, the combination of cell broadcast with other new applications can give us even more impressive results.
The creation of a new prevention ecosystem with the addition of new technologies (detection of slope
displacement, river level gauges, etc.) and notification with cell broadcast technology should be the ultimate
purpose of civil protection.

The technology of information imaging on the windscreen of a vehicle, which is visible from the driver (head up
display), could be used to guide the driver in an emergency, depicting the messages of cell Broadcast without
having to distract its attention from the road. This application could also exist in emergency vehicles.
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Providing valid and timely communication is one of the most important tasks of a public authority towards its
citizens. This task becomes even more important when this communication with citizens takes place in times of
emergencies.

Let us make sure that we do it in the most appropriate way, with the cell broadcast technology.
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Abstract

At the Secondary Education Directorate of Western Attica, there are 50 high schools, involving approximately
1000 teachers and 10000 students. Most of the above school units are within walking distance of some of about
30 SEVEZO-type facilities located in the region. In this paper we make a distance-based classification of school
units concerning SEVESO-type industries. Also, we comment on some major industrial accidents (non-SEVESO
type) in neighboring industries which could cause a domino effect. Additionally, we draw earthquakes (>4R)
epicenters in West Attica prefecture in order to have a descriptive tool of risk assessment of school’s units and
digitize results of a previous technical report concerning areas vulnerable to floods with school’s location.

Keywords: secondary education schools; SEVESO type industries; safety.

1. Introduction

The region of West Attica is well-known in Greece for intent social, economical and environmental problems and
challenges that are faced. These problems become even more complex because of the presence of motley social
groups of diverse origins and values-background, like domestic and foreign immigrants, ethnic groups, etc. At
the same time, there is a large increase of population observed in the specific region, mainly because of domestic
immigration, there is a downgrading of natural resources, a loss of social cohesion and an uncertainty regarding
economic growth. Thriasio Plain has a long industrial tradition representing an emblematic case of urban-rural
relationships made more complex under global change. The industrialization of this area and its transformation
from rural into industrial land gave rise to inherent land-use changes. Thriasio Plain is characterized by
spontaneous development of different activities (residence, agriculture, industry and port facilities), which co-
exist within the same environment with the road network crossing the pre-existing urban poles. As an indication,
there is a rubbish dump for receiving the waste of Athens metropolitan area (Greece), amounting to more than
1,570,000 tons of urban waste annually, while the local processing unit can manage about 1,200 tons daily.
Moreover, there are 23,000 tons of solid industrial waste received in the dump annually, with 4,500 tons being
toxic, and 8,500 tons being oil-waste. The remaining 10,000 tons of them are non-toxic (Salvati & Mavrakis,
2014; Mavrakis et al., 2015). This entire problem-nexus is transferred to the daily activities of the school
societies, causing additional difficulties to the educational process (Papavasileiou & Mavrakis, 2013; Mavrakis,
2017; Mavrakis et al., 2018; Mavrakis, 2018).

At the Secondary Education Directorate of Western Attica, there are 50 high schools, involving annually about
1000 teachers and 10000 students. By category the schools are: 24 Junior High-Schools (Gymnasium -1 of
Special Education and 2 with Lyceum Classes), 14 General Senior High—Schools (Lyceums), 1 Special Vocational
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Education Training Center, 5 Vocational Lyceums and 3 Laboratory Centers. At the Western Attica Directorate
of Primary Education, there are 59 primary schools and 61 kindergartens not included in present study.

Some of the above school units are within walking distance of some of about 26 SEVEZO-type industries
(according to EU Directive) located in the region (Mavrakis et al., 2017a; 2017b).

» In this paper, using GIS applications and tools, we make a distance-based classification of school units
concerning SEVESO-type industries.

»  Additionally, we plot earthquakes (>4R) epicenters in West Attica prefecture in order to have a descriptive
tool of risk assessment of school’s units.

»  We digitize results of a previous technical report concerning areas vulnerable to floods

» We comment on some major industrial accidents (non-SEVESO type) in neighboring industries which could
cause a domino effect.

2. Materials and Methods

Geospatial data (SEVESO type industries, background layers, land uses) were adopted from open web and
database sources such was the geodata.gov.gr, openstreetmap and the website of the Ministry of Interior Affairs
(ypes). Data for the high schools’ students and teachers’ population were adopted from Hellenic Statistic
Authority, while school locations were adopted from Secondary Education Directorate of West Attica. Maps have
been created using the educational version of the ArcGlIS.10.5.1 software. This version was provided for
educational purposes (with license for 1 year) from the Institute of Training (INEP), department of The National
Centre for Public Administration and Local Government (EKDDA). Main mission of the INEP is the improvement
of the functioning and effectiveness of the public services and of the public agents through research on the
documentation and through consulting support, the upgrading of the of the Human Resources of the Public
Administration and Local Government, through life-long learning and training on knowledge and skills.

3. Results and Discussion

3.1 Schools and SEVESO-type industries

Fig. 1. Geospatial distribution of Directorate of Secondary Education of Western Attica schools’ units (with
green flag) and SEVESO type industries (orange — black triangles), SEVESO type accidents (red squares) and
non-SEVESO major type accidents (yellow square). A Landsat satellite image (20-5-2000) was used as a
background.
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Fig. 2. Geospatial distribution of schools’ units (green flag), SEVESO type industries (orange — black triangles),
SEVESO type accidents (red squares) and major non-SEVESO type industrial accidents (yellow squares)

55



SafeKozani 2018 Proceedings ISSN 2654-1823

Qg,

. aalh
,An.‘fﬁl 3

Fig. 3. For municipalities of Aspropyrgos (light blue), Elefsis (light green) & Magoula (white) and Mandra (light gray), buffer zones of 500m (a), 1000m (b), 1500m (c) and
3000m (d) for SEVESO type industries, and high schools including on them.
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Using the educational software, we plot secondary education schools and SEVESO type industries. After that
we create 4 buffer zones. Zones are in 500m (red zone), 1000m (orange zone), 1500m (yellow zone) and 3000m
(green zone). Creation of the zones (circle radius) was made according the national norms. Then we classify
schools using the function “near”.

In Fig. 1 we show the spatial distribution of high schools and SEVESO-type industries, most of them located at
industrial zone of Paralia Aspropyrgou and Mandra. In Fig. 2 we show marked 3 major SEVESO type accidents
(red squares) and the location of 3 major non-SEVESO type accidents (yellow squares).

In Fig. 3, we create for municipalities of Aspropyrgos, Elefsis & Magoula and Mandra, four buffer zones at 500m
(a), 1000m (b), 1500m (c) and 3000m for all SEVESO type industries located within those municipalities and high
schools including on them. Figures 3a and 3b, as well as Fig. 4b, are of special interest. From the above figures
we see that at the red zone there are 4 Junior High—Schools (two Gymnasium’s in Aspropyrgos —with about 500
students and 60 teachers, one in Mandra —with about 350 students and 40 teachers and 1 in Megara —with
about 150 students and 20 teachers).

The second zone (orange zone) include additionally 3 Lyceums (two in Megara —with about 500 students and
50 teachers and one in Mandra —with about 200 students and 25 teachers).

The third zone (yellow zone) includes all high schools of Thriasio Plain, Megara and Nea Peramos, while the
fourth zone includes the entire area.

From the municipality of Fyli — Ano Liosia, only one Gymnasium (with about 150 students and 20 teachers)
seems to be in green zone, while schools located at Villia and Erythres seems to be less vulnerable to SEVESO
type accidents, because there are not such industries in distance less than 3000m.

In general schools at Fyli, Villia and Erythres seem to be less vulnerable in case of a SEVESO type accident.

- e P - -

Fig. 4. Buffer zones of 500, 1000, 1500 and 3000m for SEVESO type industries, for municipality of Fyli — Ano
Liosia (a) and for Municipality of Megara — Nea Peramos (b).

3.2 Schools and Earthquake Epicenters
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Fig. 5. Thriasio — Fyli fault. Image adopted from The Greek Database of Seismogenic Sources, a repository of
geological, tectonic and active-fault data for the Greek territory. GreDaSS is web tool, continuously updatable,
that can accommodate all proposals from multi-field researchers, via http://eqgeogr.weebly.com/database-
of-active-faults.html

Fig. 6. Earthquakes epicenters M 4 — 5.9 R within boundaries of West Attica

In Figures 5, we show the Thriasio — Fyli fault as is represented from The Greek Database of Seismogenic
Sources, a repository of geological, tectonic and active-fault data for the Greek territory. GreDaSS is web tool,
continuously updatable, that can accommodate all proposals from multi-field researchers.

In Figure 6, we have plot Earthquakes epicenters M=4 — 5.9R within boundaries of West Attica Prefecture,
secondary education school units and SEVESO-type industries. The plot was made only as supervisory material,
maybe useful for decision / policy making administration authorities.

3.3 Schools and vulnerable areas to floods
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In Figure 7, we have plot Thriasio Plain seasonal streams and we have digitized areas vulnerable to floods
according to an earlier study (Stamatiadis, 2000). Those vulnerable areas include one building with two schools
with students having certain disabilities. Until now, there is no school in the area which faces such risk.

Fig. 7. Thriasio Plain: Areas vulnerable to floods according to an earlier study (Stamatiadis, 2000). Two schools
with students having certain disabilities are included in vulnerable areas

3.4 Schools and industrial accidents in non-SEVESO type industries

For three majors non-SEVESO type accidents we have drawn buffer zones using observations of the radius of
smoke plume.

In the first case (July 4, 2014) fire erupted in an abandoned paper industry (Fig. 8, light orange) with the plume
smoke radius at 1 Km, lasting for one week. The affected area includes one high school, one primary school and
a kindergarten.

The second case was the worst industrial accident (non-SEVESO type) in the West Attica area lasting for about
35 months. In June 6, 2015, a fire erupted in an abandonment recycling factory (which account for an area of
40000 square meters) with the smoke plume during first two days in 10Km as is seen in Fig 9b from
AERONET_ATHENS-NOA.2015157.aqua.721.250m plume of smoke at 3km distance. The day after (11 June
2015) the plume of smoke was visible at 3 Km covering east part of Thriasio Plain (Fig. 9c). A primary school was
in less than 300m distance from the burned area.

The third case was a fire in the heart of Fyli's landfill (Fig. 10). The fire was erupted around 4:40 pm in July 17t,
2016, with the plume smoke radius at 1Km, lasting for two days. This accident confirms the enormous
environmental and human health hazards of today's monstrous waste management model in Greece.
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Fig. 8. July 4, 2014: fire in an abandoned paper industry (light orange) with the plume smoke distance at 1 Km,
lasting for one week. The affected area includes one high school, one primary school and a kindergarten

Fig. 9. In June 6, 2015, a major industrial accident (fire erupted in an abandonment recycling industry — Fig.
9a) with the plume of smoke disperse at 10km distance (image in Fig. 9b) adopted from AERONET_ATHENS-
NOA.2015157.aqua.721.250m. In June 11, 2015, (Fig 9c) the plume of smoke has covered all the area at 3km

distance, (Photo: DENIS GUZZO - via ecoeleusis).
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Fig. 10. A fire in the heart of Fyli's landfill was erupted around 4:40 pm (17-7-2016), as was seen from Elefsis.
This is another incident that confirms the enormous environmental and human health hazards of today's
monstrous waste management model in Greece, via https://ecoeleusis.org/2016/07/otan-den-kegonte-ta-
vouna-mas-kegonte-ta-skoupidia-mas/#prettyPhoto

4. Conclusions

In this paper using GIS applications and tools we make a distance-based classification of school units from
SEVESO type industries. Also, we refer to some major industrial accidents (non-SEVESO type) in neighboring
industries which could cause a domino effect.

Results indicate that there are schools within the first (red) zone of SEVESO-type industries; there is a possibility
some schools to be vulnerable to a SEVESO-type incident and almost all schools of Thriasio Plain could be
exposing to consequences of such type incident.

Also, non-SEVESO type accidents can cause serious problems to population living and working in the area.

We must notice that all the area of West Attica is very vulnerable to natural and technological disasters. For
example, was strongly affected from 1999 earthquake, all municipalities included in the area have a prolong
history of serious floods episodes with casualties and there is a time series of devastating forest fires.

All the material produced herein, can be used from administrative authorities for emergency plans, and as a
decision / policy making tool for government agencies and local authorities.

Modern societies face old and new challenges regarding Natural and Technological (NaTech) Disasters. There is
a need for new Educational approaches on these issues, new Culture and new Management Behaviors for this
kind of hazards. Also changes in the geopolitical environment call us for our Humanism and Solidarity, but also
for the need to make more efforts on Preparation, Information and Readiness of our society and especially on
sensitive and vulnerable social groups as students are.
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Abstract

The technology of small unmanned aerial vehicles, also known as UAVs, are currently on the up rise. This
research wants to evaluate if the capabilities of UAVs could be exploited to provide valuable contributions in
search and rescue efforts — and if so — what challenges would arise. The research will serve as a suggestion for
what benefits the UAV platform can provide, as well as considering the challenges for implementation.

Through a thorough literature review, state-of-the-art for search and rescue, UAV platforms and sensor
technology is investigated to establish a theoretical frame of reference. This framework is the foundation for
evaluating how to improve the current search and rescue efforts, what capabilities current UAV and sensor
technology has, and how to best apply UAVs to satisfy the needs of a rescue. The subject of UAVs in search and
rescue is still in its initial stages, and the amount of research and knowledge is therefore limited.

The main challenges identified and discussed in this research is under the categories of adverse meteorological
conditions and technological challenges. There were also identified some challenges regarding compliance to
regulations and in relation to human and organization, however these were less precarious for the
implementation. Furthermore, it was established that UAVs are not yet capable of replacing manned aircrafts,
but could still be a unique and valuable asset to a rescue operation. There were identified some hazards due to
implementation of UAVs, none of which were believed to pose and excessive risk, especially when considering
the expected benefit for the rescuers.

1. Introduction

The main purpose of this paper is to study and define the emerging technology of Unmanned Aerial Vehicles
(UAV) in Search and Rescue (SAR) missions.

This is an issue with additional extensions to the complexity dimension, having to face a number of challenges.

The methodology is approached through two dimensions: By taking into account the difficulties of traditional
SAR techniques (uncertainty and criticality of the time required for the inspection of the search areas, the
number and position of victims etc), and by exploring the interdependence of the parameters and the
limitations of the UAV technology itself, in order to be efficient for the purpose it serves each time.

2. Research and Rescue - Methodologies

The term “Search and Rescue” describes a complete set of actions to reliably locate and help people who have
either been lost in remote environments, or trapped in disaster areas, with the aim of maximizing the
probability of their survival (Hoyos et al, 2015). The SAR philosophy is based on four key actions to be taken:
Locate (the missing person) - Access (the site where he/she is located) - Stabilize (his / her health situation) -
Transport (to a safe place).

Typically, different types of SAR operations are distinguished, depending on the environment in which they
occur. These include: urban (Urban-USAR) - which take place within cities - and non-urban or remote
(Wilderness-WISAR), maritime (Maritime -MSAR), underwater or mountain rescue, etc. SAR operations in non-
urban areas are looking for people who have been lost or injured in deserts, mountains, rivers, lakes or any
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other sparsely populated or remote environments (Tomotani, 2015). Urban search and rescue refers to people
trapped in confined spaces. Structural collapse is usually the cause of trapping people, but people can also get
trapped in traffic accidents, mines, etc. It can also be caused by a variety of natural and man-made disasters
and emergencies such as earthquakes, hurricanes, floods, technological accidents, terrorist attacks, etc.
Although most bibliographic reports on SAR operations are targeting missing persons in non-urban areas, there
are additional challenges in urban areas (e.g debris, area emergency evacuation, etc) (Chen & Miller-Hooks,
2012).

A SAR mission is a highly uncertain and complex process. A difficult and time-consuming project due to the long
distances and / or inaccessible areas being investigated. It requires people with specialized training,
consumption of thousands of man-hours, a great financial burden. Very often it depends on the completeness
of the available information that can be used in the initial search phase as well as on the past experience, the
subjective judgment and the individual perceptions of the rescue teams (Goodrich et al., 2008; Koester, 2008;
Ferguson, 2008; Lin & Goodrich, 2010; Doherty et al., 2014).

The probability of a missing person to be in the search area, especially in non-urban SAR, is often described by
calculating the Probability of Area (POA), that is, the probability of being in a particular part of the investigated
area. The search is a process of removing the uncertainty about the possible location of a missing person.
Creating a probability distribution map is particularly critical because it guides rescue teams, resource
allocation, coordination of efforts and search time in the field, reducing the risk to overlook an area of high
probability. Areas with a high probability are first searched in the hope of finding the missing person quickly
(Koester, 2008) .

Case studies show that both the missing person's profile, ie that is, the characteristics and personal functions
of an individual (e.g. activity in which a person is involved when he / she is lost, age, health status), the
environmental conditions and geographical factors (e.g. soil, weather conditions, vegetation, number of roads,
inaccessible area, rain, fog) have a strong impact on the missing person, as they can influence his behavior. Also,
as time passes, the probability map changes dynamically, especially when the SAR lasts for a long time. Many
SAR researchers have worked: (a) to analyze historical search and rescue cases; and (b) to explain the behaviors
of missing persons. (Setnicka & Andrasko, 1980; Syrotuck, 2000; Soylemez & Usul, 2006; Ferguson, 2008)

The conclusions from these publications are good resources for building effective models of probability maps.

As for snow avalanches, there are two ways to rescue the victim. The rescue can begin immediately after the
avalanche, assuming that there are members of the group who are not affected or are unable to otherwise.
This category also includes the first responders who are close to the avalanche accident and have the necessary
equipment and skills. Secondly, there is organized rescue where specially trained and equipped personnel arrive
at the accident site when notified.

Snow avalanches take more than 200 lives a year worldwide (Ranke, 2015). Most (over 80%) of deadly
avalanches are caused by the victim or by someone close to the victim (McClung & Schaerer, 1993). Moreover,
due to the inherent risk of self-activating secondary avalanches in an avalanche area, rescuers are likely to be
exposed to something that can be considered as an undesirably high risk. The majority (61.6%) of rescue
missions are conducted under conditions of dangerous avalanches (Hohlrieder et al., 2008; Silvagni et al., 2016).

The existing process of locating and rescuing an avalanche victim is considered to be inadequate with regard to
the techniques used (Wolfe, 2015). SAR has remained largely unchanged for many years after the invention of
the first victims of avalanche detector in 1968 by John Lawton (Dawson, 2013).

It is a transceiver (Avalanche Transceivers / AT) emits a limited range. The first rule of its function is that both
rescuers and victims have to carry such transceivers. The transceiver emits a pulse signal, which is in the form
of flow lines that are identified and detected. When a signal is detected, a secondary search starts in order to
minimize the distance from the victim ...

Electronically assisted SAR when it is feasible is faster and more preferable than other detection solutions, given
the time constraints. However, even if modern avalanche transceivers are valid and reliable, their operating
range is currently about 60 meters, which affects the rescue time. Under actual operating conditions, this range
is reduced by several factors like ambient noise, interference with other electronic devices or other beacons
(Meister & Dammert, 2014).
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The Recco rescue system is also widely used, consisting of: a) The passive part, consisting of a reflector and
located on the victim, embedded in clothes, boots, helmet. It does not require electricity or user activation. b)
The active part consists of a small handheld radar based detector and can easily be transported by a rescuer.
Theoretically, it has a range of 200m in the air and 30m in the snow. This system is not a substitute but is
complementary to avalanche rescue transceivers.

Other technical solutions are designed to limit the effect of the victim's full burial with airbags (Haegeli, 2014),
but their disadvantages are size, weight and cost. (A "full burial" is defined when the snow covers the victim's
head and chest, otherwise the term "partial burial" applies) (Brugger, 2007).

2.1 The Time Parameter

When a small airplane crashes in a remote area or a fishing boat is lost in the sea or a hurricane destroys an
area or just a person gets lost while walking, the SAR teams must scan vast areas in the search for victims as
soon as possible. Researchers underline the importance of speed and flexibility in such operations.

Time is the key element that affects the likelihood of a successful rescue scenario (that is, a disappeared person
being found alive), and it is important that SAR resources are put in the right position as quickly as possible.
Recent statistical studies show that the survival rate, for example, of trapped victims in collapsing buildings,
falls within 72 hours of the disaster (Tomotani, 2015). In non-urban SAR operations, if a person is not found
within 51 hours of being lost, his chances of survival are significantly reduced (Adams et al., 2007). This time
period is even shorter (24 hours) for patients with Alzheimer's disease (Koester & Stooksbury, 1995). Note that
at the same time the actual search radius is increased by approximately 3 km per hour (Setnicka & Andrasko,
1980; Syrotuck, 2000). A faster response from search and rescue teams leads to a higher survival rate of 91% in
the first 30 min and drops to only 19% on the fourth day (Qi et al., 2015).

Time is a crucial factor in the survival of victims at risk of exhaustion or hypothermia and in SAR maritime
missions. The survival of people sinking into the sea is very much dependent on the time he/she passes in the
water and varies greatly with the temperature of the sea, which makes the rapid recovery of the victim
imperative (Ebrahimi-Oskoei, 2014). With regard to SAR operations in avalanches, the chance of survival of the
victims depends on the degree of burial, the presence of a clear airway and the severity of bodily harm. In
addition, the duration of burial is also a factor in the survival of the victims. According to statistics, 93% of the
victims survive if rescued within fifteen minutes of full burial. The chance of survival falls rapidly after the first
fifteen minutes of full burial. Given that only one out of ten avalanche victims survives after an organized rescue
operation in a remote area, there is still room for improvement.

3. The application of UAVs to SAR missions

The use of small UAVs is a promising platform for carrying out SAR missions and can play an important role in
their successful outcome.

UAVs can easily and quickly access inaccessible environments. They are agile, can be easily transported, and
show autonomous behaviors, providing airborne support with precision and reliability. With built-in sensors
that can adapt to UAVs, rescue personnel are allowed to accurately investigate and map large areas that can be
difficult to access in real time (inaccessible areas, roads blocked by debris or traffic overload), guiding rescue
teams to target locations and thus broaden the search capabilities to identify people in need (Nordberg et al.,
2002; Green et al., 2005; Cooper & Goodrich, 2008; Qi et al., 2015)

UAV technologies are also particularly beneficial when SAR reaches the priority at search phase. Probability
distribution maps can be used by the UAVs to design the flight path. To support the priority search, a UAV flies
over areas of higher probability and provides visual support with the built-in sensor. Conversely, the data
collected by the UAVs can feed the rescue teams with these data that are necessary to update the probability
distribution maps.

After an earthquake or other disaster, the UAVs can provide information on the area of destruction, the location
and severity of building damage, the identification of victims under the ruins, providing support for the
development of appropriate strategies. The earthquake in Haiti in 2010 was the starting point for exploiting
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UAVs and assessing the structural integrity of buildings, roads and other infrastructures, which is carried out
more quickly and with greater precision (Mathé & Busoniu, 2015). The chance of survival of people trapped in
buildings that have collapsed depends mainly on the types of damage to affected buildings. Therefore, with the
rapid mapping of the affected area, buildings can be characterized and ranked according to the damage they
have suffered at a specific scale appropriate for the assessment of the rescue teams in order to optimize their
work according to the gaps of the survivors in the ruins. (Murphy et al., 2008; Pratt et al, 2009; Chou et al., 2010;
Molina et al., 2012; Restas, 2015). Small and flexible UAVs are guided in complex three-dimensional
environments (small and difficult-to-access spaces, inside damaged buildings without touching the unstable
structure with the risk of further collapse, etc.) to see if there are survivors or victims. At the same time, they
are valuable tools for collecting data and creating three-dimensional maps that provide information on the
extent of damage inside the building. Special software and 3D imaging allow engineers to locate and evaluate
even the smallest cracks that may seem insignificant but in fact they are not. In this way they can arrive at
accurate conclusions and objective safety decisions in order to avoid accidents and additional losses (Michael,
2012; Restas, 2015).

The technological developments in the UAV field have made significant advances in avalanches SAR, where the
time consuming traditional techniques required for the development of rescue teams are a major obstacle to
increase the victim’s chance of survival (Zeggada, 2018).

The use of UAVs in SAR operations also protects the members of rescue teams who encounter dangerous
conditions and increased likelihood of further accidents or injuries in their effort to reach difficult and
inaccessible areas in order to locate and rescue the victims (e.g., secondary avalanches, aftershocks, landslides
or floods, destroyed buildings or structures unstable and dangerous) (Mathé & Busoniu, 2015; Qi et al., 2015).

Continuous communication between SAR teams and the operation center, as well as the use of real-time
information to inform them, is clearly necessary in all SAR operations (Huang et al., 2013). The capabilities of
using UAVs as an aerial transponder to develop an information and communications exchange network make
them valuable tools to enhance the operational effectiveness of SAR teams (OCHA, 2014; Meier, 2015).

UAVs can also be used in the first aid phase by members of a rescue team. For example, in the technological
advances that are being developed, we will see the UAV, having traced and approached the victim, releasing
this life-saving instrument, giving it more lifetime until it is approached by rescue personnel (Kelion, 2013). The
flying ambulance - defibrillator arrives quickly at the scene of the accident. It is manned by a network camera
and a loudspeaker that allows communication with specialist doctors so that they can, with proper guidance,
provide first aid to the victim.

UAVs are cheaper to manufacture, operate and maintain. Even if a small UAV crashes due to severe weather
conditions or difficult ground characteristics, financial damage is limited. They can also be used by rescuers with
minimal training, and are a valuable resource or a safe alternative to aerial support when there are no manned
aircraft available. ... UAVs with rotating wings are considered more effective for search and rescue efforts and
in large and complex environments due to their ability to hover in place, as well as to perform vertical take-off
and landing, making them suitable for observation and human guided or stand-alone inspection, as there may
be specific areas of interest that require attention from operators in mapping and detection (Michael et al.,
2012; Kochersberger et al., 2014). Also, because UAVs are much smaller than manned aircraft, they cause far
less impact from their propellers in operating conditions for the rescue crew and rescue dogs (less scattering,
etc) (Albrigtsen; 2016).

4. Challenges and suggestions

The reduced autonomy of UAVs due to a multitude of technological and environmental constraints is a major
challenge for researchers in SAR operations, mainly due to the criticality of time (Beard et al. 2005 Quigley et
al., 2005) The bibliographic review identifies the following cases:

4.1. Area Mapping and Flight Planning
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During SAR missions ground characteristics may have changed significantly (e.g. after landslides or floods). The
local map of the region should be reconfigured to guarantee the safety of the SAR team and shorten the rescue
time (Sun et al., 2016). Optimizing existing mapping algorithms is a topic of wide debate among researchers.

The limited UAV energy capabilities in terms of flight time, which are often insufficient to cover the entire search
area, are an important aspect of the study. Also, sensors (e.g. cameras) have limited operating time because of
their limited battery life. However, when a UAV is used in search and rescue mode, it is desirable to maximize
the length of time because retrieving, preparing for another flight and resetting can be very time consuming.
The key challenge and goal of researchers is to solve an intelligent flight path problem that enables UAV's built-
in sensors to cover as many important areas as possible within the allowable flight time. That is, the probability
distribution map is used by the programming algorithms, which will automatically generate the flight plan by
ensuring that areas with a high probability of finding a missing person are searched first, making the search as
effective as possible. At the same time, the strategic choices of the operator must enable the UAV to quickly
develop updated probability distribution maps (Goodrich et al., 2008; Lin et al., 2009; Lin & Goodrich, 2010;
Clark & Goodrich, 2013).

The search continues in the demarcation of the second priority areas for further UAV flights (Bourgault et al.,
2006). The use of tools (e.g. GIS) in SAR operations to compile probability distribution maps or as a platform
for integrating data on the behavioral profile of the missing person in support of the search process are also
research-oriented issues (Soylemez & Usul, 2006; Ferguson, 2008).

For avalanche SAR missions, the flight plan is modified based on the intensity of the signal being detected (Serre
et al.,2012), using the usual methods and procedures for rescue of this kind, taking into account the criticalness
of time (Silvagni et al., 2016). SAR applications for these cases are currently very few and do not seem to go
beyond the preliminary level of the prototype (SAR Drones, 2016).

Quick coverage (rapid ground mapping) and detection (victim tracking) are two key goals for the effectiveness
of SAR operations. However, there is a "tension" between these goals, especially in wiSAR missions. Rapid
mapping of an area may not be so detailed for locating people. Conversely, slower mapping will help locate the
person but in an unacceptable time for SAR operations. Finding the operational compromise between
"coverage" and "detection" is a key problem faced by researchers. The probability of detecting a person as a
key factor in search efficiency is translated into a practical constraint. That is, the UAV can fly as high as the
human form is at the limit of recognition by the optical sensor. If the human form detection requirement is
abandoned and other identifying features such as unusual colors of clothing and other artificial objects are
sought, UAV height may reach higher levels (Goodrich et al., 2008; Niedzielski et al., 2018). Therefore, the flight
plan over an area should be programmed to operate at altitudes suitable for optical sensing of the sensors.

4.2. Optimization of vision sensors

The images are taken from the UAV sensors pose significant problems that make it very difficult for a person to
identify features or objects of interest (Gerhardt., 2007).

Sensing limitations are also related to environmental and meteorological conditions (e.g., density of vegetation,
lighting conditions, weather etc). Critical data may not be recognized or there could be false alarms (Goodrich
et al., 2008; Wu & Zhou, 2006; Li et al., 2011; Lin & Goodrich, 2014). Detecting people in images is a difficult
problem and field trials have shown a lack of effective process. Although significant progress has been made in
specialized areas such as pedestrian detection, most approaches work better when people are fully visible and
appear in a limited range of positions such as attitude or walking. Many models have been introduced with the
application and expansion of various algorithms of the visible spectrum of computational vision, incorporating
motion and color features, body sensing, obstacles in moving environments, etc. However, these models often
cannot be generalized in the complex scenarios of search and rescue operations, and there are variations and
fluctuations in people's positions (Andriluka et al., 2010).

In literature we will also come across a body of knowledge using other types of sensors. Since many UAVs are
equipped with laser scanners, significant efforts have been made to use them in human detection. Thermal
cameras offer a tremendous advantage in night-time surveillance (as evidenced by their extensive use by
military and law enforcement), but they also apply to daytime surveillance. In any case, where the thermal
properties of a person are different from the background, the person areas can be detected. Thermal images
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have been extensively used to detect humans using either specially designed methods or by direct methods
originally designed for detection in visible spectrum images (Andriluka et al., 2010). In addition, traditional e-
vision problems associated with shadows are minimized. However, field trials that show the recording of
outdoor thermal surveillance images of the same scene but taken on different days (morning and afternoon),
demonstrate that the usual thermal sensors have their own unique challenges to the results obtained (e.g. low
SNR, white / black / cold polar changes occurring around very hot or cold objects). This may overturn the original
assumption that the body area is much warmer / brighter than the background, making the process ineffective
for detecting the exact locations and human forms. The collection of problems associated with optical sensors
has created the need for researchers to address them, with the cooperation of various types of sensors or by
designing appropriate algorithms or optimizing existing identification and search algorithms. (Lee et al., 2004;
Mikolajczyk et al., 2004; Davis & Keck, 2005; Gerhardt, 2007; Rudol & Doherty, 2008; Sun et al., 2016)

4.3. Other UAV limitations that affect the efficiency of the SAR operations

In addition to the above, UAV technology lags behind in its response to SAR operations also due to a number of
other known limitations. For example, the vulnerability of UAVs due to their low weight and their low propulsion
power, to environmental and meteorological hazards. The effect of extreme cold temperatures is widely
recognized as a problem for battery capacity and hence the flight time of a UAV that could be reduced by up to
50%. Maintaining sufficient pre-flight battery temperature is a common problem for which some technical
solutions are being developed (e.g. using a heated and thermally insulated box) (Storvold, 2016). Several tests
in conditions with varying degrees of rainfall have been carried out which have shown the ability of UAVs to fly
during adverse conditions. However, it is recognized that moisture in electrical circuits and components may
cause short circuits or other problems, and several modifications are being made to avoid these issues
(Albrigtsen, 2016). The normal UAV of SAR operations is also vulnerable in certain metrological conditions such
as winds and turbulences caused at the surface of the ground (as a result of air flow that encounters obstacles
such as topography and vegetation), causing disastrous effects on their flying ability (DeGarmo, 2004;
Abrahamsen, 2015). At the same time, such disturbances can greatly contribute to reducing the probability of
detection (jitter effect of computational vision) (Gerhardt., 2007). Many SARs can be carried out in less than
optimal lighting, which could delay or disable the use of UAVs, as navigation and general awareness of the
situation are difficult. A possible solution to these working issues is the use of external lighting on the ground
or the placement in the UAV itself (depending on its payload) and the research is oriented in this direction.

As for the effect on computational vision from the presence of clouds, it is thought to limit the usefulness of
different remote sensors (O’Donnell, 1999; Woodell et al., 2015). However, a recent study has demonstrated
the positive effect on improving UAV performance by the presence of clear clouds under specific conditions.
The results may have a practical potential in a cloudy weather that UAVs can move and fly at low altitudes, so
that cloud cover does not limit the view but gives a transparent blurry image of the ground. Such a flight
planning for SAR purposes can improve the performance of human detection algorithms (Niedzielski & Jurecka,
2018).

The autonomy of the navigation system (INS, GPS, SLAM, etc.) and the kinematic limitations of the UAVs (in-
flight stabilization, point tracking and over-ground maintenance, avoiding obstacles such as buildings, trees,
conflicts, etc.) are issues to be resolved and many modifications and improvements are being made in this
direction (Bourgault et al., 2006; Luo et al., 2013; Wang et al., 2014; Masiero et al., 2015).

The size of commonly used UAVs creates limitations on payload and hence on sensors used, the rapid transfer
of material (e.g. first aid materials) (Jacoff, 2008) as well as the amounts of data that can be transferred that
are transmitted to a ground station, resulting in a difference in their quality with greater noise and
deformations.

Supporting ground-based communication with UAVs as flying transponders is an issue that is being studied and
researchers are trying to approach the problem by exploiting knowledge and experience from other well-known
technologies and protocols (e.g. Wi-Fi, FSO ZigBEE) (Varga, et al., 2015; Mnatiotdrtog ka., nd). Although the use
of UAV technology in this field is still at an early stage, the few available results suggest that it should be
investigated further in order to determine its validity (Tseng et al., 2014).

Researchers' findings on human behavior and the perceptual potential of pilots reveal that "the scale of human
control is limited" (Sun et al., 2016), as well as the lack of an effective co-ordination process among the assigned
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roles in the field, which may lead to abandonment of the UAV flight plan, incomplete and inefficient search
(Goodrich, 2008). Larger searches in wider areas may reveal the need for more user-friendly interfaces
(Goodrich et al, 2008).

Some regulatory compliance challenges have also been identified (e.g. increasing the risk for other aircraft,
especially those involved in rescue is a deterrent to the operation of the UAV), but these were less precarious
for implementation (Hohlrieder et al., 2008).

4.4. Design of heterogeneous systems (swarm)

Technological developments have enabled smaller and more flexible UAVs to achieve the same functions as
larger ones. However, there are still many scenarios in which the UAVs are deficient due to their inherent
limitations. One area of interest for many years has been to address these limitations by using multiple UAVs
to perform missions instead of a UAV. This reality, which until recently was not feasible, is mainly due to the
improvement of the relevant algorithms (collision, turbulence, optimal flight plan, etc) (Dargar et al., 2002). The
design of effective platforms to support SARs underlines the need for heterogeneity and not only between UAVs
but on multiple cooperative ground and aerial robots (swarm) that work together to perform a specific task /
mission controlled either by operators or autonomously (Vincent & Rubin, 2004; Ollero & Maza , 2007).

The ground robots do not have the same payload limitations as the UAVs and are therefore able to carry larger
payloads of sensors, maintain reserved communication links, and operate for longer periods of time. However,
UAVs provide mobility and observation capabilities that are not available on ground robots. Therefore, in order
to build the efficiency of the instruments used, it is proposed to exploit the advantages of each platform
(Michael et al., 2012; Ebrahimi-Oskoei, 2014). Swarms have many benefits over regular UAVs, such as resilience
to failures (other robots can continue to search if there is a problem), more flexibility in reorganization as
mission progresses and economies of scale (Gayirpunar et al., 2008; Waharte et al., 2009). They are also
considered to be the optimal solution for payload limitations in cases where a rapid response is required which
depends to a large extent on the portability of the systems (Jacoff, 2008).

Swarms may be the same or may differ in features such as sensors, payload, automation level etc. For this
reason, swarms are generally classified as uniform or heterogeneous swarms to determine the similarities of
the platforms used within the swarm. Both approaches have advantages and disadvantages. A group of identical
UAVs requires a less sophisticated system but is limited in terms of payload, information processing and
flexibility. A UAV group with different characteristics (heterogeneous swarm) requires a more complex system,
while being beneficial in situations where the diversity of UAVs is critical (Vincent & Rubin, 2004; Ollero & Maza,
2007).

Several examples of projects using such methodological approaches, either on ground or aerial platforms, can
be found in the research literature, proving that given the current technology, the design of heterogeneous
systems is a viable option (Pratt et al., 2008; How et al., 2009; Murphy et al., 2009; Pellenz et al., 2010; Gonzalez
etal., 2011; Bachrach et al., 2011; Michael et al., 2012). The robotic swarm is an innovative field that has many
more possibilities and new ways of using it are being studied and many other ways of exploiting and optimizing
it can be found in the future.

5. Conclusions

Small UAV technology is currently on an upward course. In this paper we investigate, through different case
studies, UAV-based methodologies for supporting and documenting SAR operations. Although UAV’s
"intelligence" is very high, there are still many issues that need to be resolved to provide full credibility to
complex SAR operations. Existing research approaches are very promising and new and innovative solutions are
being developed in this direction. At the same time, none of the risks identified by the implementation of the
UAVs are considered high, especially when considering the expected benefit for rescuers.
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Abstract

Purpose and problem: When a disaster hits or a conflict erupts, humanitarian actors move quickly to save lives,
meet basic needs and protect survivors. In the rush to save lives and meet the emergency needs of people
affected, the special and distinct needs of those with less power or greater vulnerability may be overlooked or
put “on hold” to be addressed later by the development agenda. “Paying attention to gender issues” quite
simply means recognizing the different needs, capacities and contributions of women, girls, boys and men.
Typically, women and girls are unable to compete with men for scarce resources during crises. Pre-existing
gender inequalities deepen the vulnerability facing women who are old, have disabilities, live with HIV-AIDS or
are marginalized in other ways. At times, men and boys are the acutely disadvantaged. Without a solid gender
analysis, that should be integrated into the humanitarian needs assessment, the specific vulnerabilities of
women, men, girls and boys hide under a cloak of invisibility.

Methods: study of bibliography, lessons that are been made and new trends and analytical and comparative
study

Conclusions: Factors such as gender, ethnicity, social class, poverty, belonging to minority groups or not and the
age of a person in a particular society define their rights and access to sources, goods, information and services,
whether he has a voice and can participate in political affairs. The interaction of these factors within a society
defines the way women, men, boys and girls are affected, prevented, treated and emerging from an emergency.

Keywords: Gender based violence, sex, sexual abuse and exploitation, rape, sexually transmitted diseases,
emergencies.

1. Introduction

When a disaster or a conflict breaks out, humanitarian aid workers react as soon as possible to help people in
need. In their hurry, the call to consider the gender issue often meets the indifference of relief missioners and
is considered unimportant, irrelevant. But it is! Giving attention to issues of gender diversity simply means
recognizing the different needs, abilities and contribution of women, girls, boys and men. Ignoring or staying
blind to these different needs can bring serious complications to the protection and survival of people affected
by a humanitarian crisis (Women, Girls, Boys and Men Different Needs — Equal Opportunities 2006). Natural
disasters or conflicts have a very different effect on women, men, boys and girls. Social, cultural, political,
economic parameters, before and after the emergency, affect the vulnerability of different groups.

Factors such as gender, ethnicity, social class, poverty, belonging to minority groups or not and the age of a
person in a particular society define their rights and access to sources, goods, information’s and services,
whether they have a voice and if they can participate in political affairs. The interaction of these factors within
a society defines how women, men, boys and girls are affected, protected, treated and recover from an
emergency (The Sphere Project: 2004). Typically, women and girls can not compete with men for the acquisition
of resources that are in short supply during a crisis. Pre-existing racial inequalities and discrimination, as well as
the lower social status of women in many societies, increase their vulnerability to the crisis (IASC 2010) they
face different risks and can thus be victimized in different ways. The aim of this work is to present these risks
and the issue of gender equality in emergencies. Extensive reference will also be made to addressing the
particular needs and risks posed by women and men during or after conflicts or wars.
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1.1. What does "Gender" means?

While the term "Sex" in English refers to the biological differences between males and females that are universal
and non-convertible (Morrison 1998), the term "Gender" is a socioeconomic, political and cultural variable that
analyzes the roles, responsibilities, the constraints, opportunities and needs of men and women within any
context (UNHCR 2002). "Gender" refers to the social characteristics and opportunities associated with being a
man or a woman and the relationships between women, men, girls and boys, as well as relationships between
women and those among men (Action Aid International. 2009).

These social characteristics, opportunities and relationships are socially structured and learned through the
process of socialization. For example, the division of work into a family is determined racially: housework is
considered to be a woman's duty, while the man is the one who brings the livelihood to the family and is
considered the head of the home. Although the work that women offer at home is important and necessary for
the survival of the family, allowing therefore men to work, this homework is generally underestimated while
their significant contribution to family finances- through their engagement with gardens, growing vegetables,
animal farming and small-scale trade- is often not recognized by both men and the humanitarian community.
In the past, humanitarian agencies and organizations did not take into account the racial dimension when
drawing up relief programs, thus contributing to the perpetuation of gender inequalities. It is important to have
an understanding and familiarity with the needs and rights of women, girls, men and boys in times of crisis and
at the same time make every effort to alleviate discrimination between them.

Emergencies are a fluid period with strong social changes in a community, especially when they involve conflicts.
So women often take over roles and responsibilities that they didn't have traditionally before the crisis. When,
for example, a woman loses her husband, she alone bears all the burdens and responsibilities for the survival
of herself as well as her children or other people who are left behind or dependent on her. Often, such crises
may be an opportunity for empowerment of women in social, economic, political and cultural terms, but this
crisis can not be turned into a period of intense misery and pain if the humanitarian response does not take
into account the rights, the needs and the contribution of women and girls.

1.2. Why is the issue of gender important in crisis situations?

Wars, natural disasters and crisis-related factors have a different effect on the different sexes. They face
different dangers and can thus be victimized in different ways:

A. Collapse of social, community and family structures. In times of crisis, people are displaced and lose their
way of life. Social and community structures are collapsing and families can be separated, leading to:

® Increase in the number of separated from their families and unaccompanied children and elderly
people.

® Husbands and wife’s can be separated and women take the role of the head of the family without the
traditional protection of their husband, father or other male relative.

® Without male protection, women and girls are at greater risk of sexual violence when they leave their
homes, when crossing the borders and / or in war zones where unofficial checkpoints have been set
up and there where they have been displaced.

B. Destruction or deterioration of services in conjunction with the obstacles faced by women in accessing these
services. In times of humanitarian crisis, services such as supermarkets, health centers, hospitals, schools and
colleges may have been destroyed. In order to provide these services to those affected, humanitarian aid
workers should not only think about the construction / rehabilitation of infrastructure, staff or equipment, but
also the issue of gender when accessing them. Women who are now in the household are often unable to look
for these services because there is no one to take care of children, or help with the collection of water or
firewood, or there may be bans or restrictions on their access for cultural reasons. Homes where only men or
fathers stay alone with their children often face special needs, such as not having the ability to cook, take care
of young children, or do their homework. For cultural reasons, it is not possible for women and girls to be
registered and receive humanitarian assistance in their name, to take the appropriate or dedicated to their diet
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food, to have access to education and health services in times when resources are limited (school fees, high
medical costs, etc.)

C. Women and men react differently. In their effort to resist violence, to survive and protect their own, women
and men act differently. For example, selling property that is necessary for their survival, men can migrate in
order to find a job, young men may feel that they have no choice but to join the armed groups, women and girl
can resort to prostitution, the number of early weddings can increase.

D. Changes IN the demographic profile. In cases of warfare, more women than men survive.

E. Gender roles change with age and time. Assumptions and speculations are often based on stereotypes
concerning the role of women and men. Men are often perceived as perpetrators of violence and women are
passive victims.

e Young boys may face the risk of involuntary engagement in armed forces or can be accidentally
abducted and forced to become child soldiers, can be imprisoned, and in some cases they can even be
tortured because they considered them as the enemy.

e In some cases, women can be used as fighters.

e In crisis situations, men often face great difficulties in managing their new identity. -the loss of their
role as the head of the family. As a result, violence against women may increase. Often women take
on new roles or fill the gaps left by men. When roles change for a man, he may feel a humiliated person
who can not protect his family and may feel that he is losing his status and power, given that in the
crisis the traditional structures of his family and social environment are being destroyed. Men who are
the traditional leaders and agents of power may be hostile to women who interfere in man-made
fields, for example, providing family protection, bringing home food, or operating in the financial
sector. Understanding the different manifestations of being masculinity within the context of the
various situations that may arise during the crisis and winning the support of men in order for women
and young people to get involved and participate in traditional male activities is crucial for the success
and duration of humanitarian intervention.

e Onthe other hand, women and girls are deliberately victimized and are the ones who receive physical,
sexual and psychological violence. (Rape, coercion, childbirth, prostitution, trafficking) (
http://oneresponse.info).

1.3 The vulnerability of girls and women in times of crisis

As vulnerability we can define the characteristics of a person or group of people in conjunction with the
condition that affects their ability to predict, cope, resist and recover from a hit or from risks. Vulnerability
involves a combination of factors (social, economic and political) that affect the extent of risk from an event in
a person's or group's life, property, or their resources. Some groups of people are more vulnerable to harm,
loss and pain due to gender, social class, occupation, ethnicity, health status, age, etc. (Amjad 2002) The way
women experience this vulnerability is completely different from that of men because of gender roles and
power relations. Factors such as the lack of access and control of key survival tools and property titles increase
the vulnerability (HRW 2003) of women and undermine their ability to cope with the consequences of the crisis
(Anderson 1998).

In emergencies, girls can also be affected by additional forms of violence compared to boys. Not only do they
face bodily injuries and death but they are also sexually abused. This puts them at risk of being infected with
HIV or other sexually transmitted diseases and forces them to cope with the complications of a possible
pregnancy at a time when supplies are short due to the crisis. Sexual abuse is likely to have psychological
consequences for these girls, especially when they return to communities after the crises considered to be
"dirty" because of their experience and are therefore in the margins (HRW 2003). It has been found that in the
post-war period the most vulnerable among the population were widows and families headed by women who
often had many children under their responsibility. These women were in a particularly precarious position
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without their own land and tools for their cultivation. Their means of reaction are meager: begging, harvesting
of wild fruits and in some cases prostitution.

Some of the sexually defined roles that make women vulnerable to emergencies are:

L 2

Women have limited access to means-social networks and influence, transport, information's, skills
(including illiteracy), control on land and other sources of income, mobility, safe housing and work,
freedom from violence and control over the own decisions- which are necessary to prepare for disaster
relief, alleviation and rehabilitation of the victims.

Changes in the division of responsibilities between men and women may take a long time and
sometimes be permanent (ILO 2006). Women are mainly employed in the agricultural sector and in
the informal economy. They are usually underpaid, have no social security and access to health
structures. They are therefore the ones that are usually affected by unemployment after a disaster.

Because women are primarily responsible for the household, caring for children, the elderly and
patients, they are restricted to their place without being able to move to other areas for job search as
is the case with men.

Environmental degradation and climate change affect the lives of countless women and girls. When
droughts and floods ruin the countryside, men migrate to urban centers to seek work but avoiding
natural disasters is more difficult for women, especially for those with dependent children. Women
need to work harder to produce crops, walk longer to carry water or collect firewood, and survive with
scarce resources. When resources are scarce, sacrifices are often made against women and girls. Seven
of the ten people who are hungry are women and girls, according to the World Food Program (UNIFEM
2007).

Loss of women's property is rarely included in the total loss of a disaster. This is usually the case
because men are considered the supporters of the family or possess more productive and sustainable
property. Very often homes are being destroyed during emergencies, forcing people to move to
temporary camps. Inappropriate venues for day-to-day activities such as cooking, limit the movements
of women and make it increasingly difficult for them to find alternative forms of employment and
income. All these factors, combined with the increase in violence, greatly increase the vulnerability of
women in a crisis, doubting their ability to live a life of basic dignity.

Women also often have limited access to information about their rights and their ability to obtain
property titles and goods from various humanitarian organizations. Surveys show that women are
easier to cheat because they are unaware of their rights and have neither the means nor the power to
claim them.

Poor women are usually in the wrong place at the wrong time as they can not improve the quality of
their homes, they can not choose a good area to live and they do not have the ability to store sufficient
quantity of food for emergencies (Cannon 2002). Men are also physically vulnerable to the dangers but
the women are those who are most at risk because of gender inequalities as described above (Enarson
1998).

Many women have limited skills necessary for their survival in major disasters such as swimming,
climbing, understanding and reacting to danger signs or in their involvement in disaster prevention
(Castro 2006). In some areas only boys learn to swim or climb to trees, which reduces survival
opportunities in cases of floods or other meteorological phenomena. Most women in Bangladesh
never learned to swim in their lives (Genanet 2004).

In many parts of the world, women face limitations in their training, which reduces their ability to
receive information and understand warning signs. Occasionally, disaster itself may be a hindrance to
accessing education.

- Of the 876 million illiterate people in the world, two-thirds are women

- Of the 115 million children who do not attend school, three-fifths are girls (ISDR 2005)

- after a disaster or some other stressful event many girls are forced to leave school to help with
housework or save money (Davis 2005).
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@ Disasters tend to magnify the existing gender differences in the health sector. Women, for example,
are already being fed poor, which is unbearable for them, especially when the face hazards that are
related to food production such as drought (Cannon 2002). Women are more affected by food
shortages because they have particular dietary needs (especially when they are pregnant or
breastfeeding) while in some societies they are the last to receive food in a family. In some areas,
women's nutrition is particularly precarious. In southern and south-east Asia, between 45 and 50
percent of women of childbearing age are underweight, while 80% of pregnant women are deficient in
iron (FAO 2000).

€@ Women are more exposed to infections and communicable diseases. For example, in the Lushoto
region of Tanzania, plague affects women more often than men, since men are sleeping in beds while
women and children are sleeping on the ground where they are in danger of coming into contact with
rodents infected with plague fleas (Boender 2004). Women are usually responsible for the preparation
of food, resulting in exposure to indoor pollutants during this process, which causes about 1.2 million
deaths per year ((WHO 2007).

@ Surveys have shown that post-disaster reproductive health of women is worsening. For example, in
Israel, 48 hours after an earthquake, there was an increase in births, and an increase in premature
births. Also social taboos in relation to menstruation and non-observance of good hygiene practices
during the course of many women caused health problems. One survey reported that during a 1998
flood in Bangladesh there were incidences of genital wounds and urinary tract infections in young girls
because they were unable to wash and dry adequately their sails used during the menstrual period
quot (WHO 2005).

2. Women and girls at risk

Women and girls at risk are those whose rights, security and well-being are or will be at risk because of their
sex. They may be at risk of sexual or gender-based violence, persecution, social exclusion, extreme poverty,
violent repatriation or any other potentially life-threatening threat or condition. The experiences of women and
girls during their flight, relocation, possible exile or after conflicts are totally different from men. Displaced
women and girls keep their families united under adverse and inhuman conditions while at the same time
putting themselves at risk such as rape, beatings, torture, hunger and abandonment (Office of the Special
Adviser on Gender Issues and the Advancement of Women 2001). Identifying women and girls at risk is a painful
and difficult process that requires a profound knowledge of the community and an assessment of the risks for
their safety. In summary, it would be useful to refer to a number of risks that may result in the victimization and
exploitation of women both during their displacement and during their repatriation, or they may be the causes
themselves of displacement. Such risks are:

e War

e  conflicts

e  Violation of human rights

e Poverty

e Inequality / exclusion of women

e Discrimination / marginalization of women and / or ethnic, religious and linguistic minorities
Gender violence

e Fears about physical integrity

e Recruitment by armed groups

e Nutritional insecurity

e Lack of or loss of personal documents
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e Unsafe areas for collecting firewood

e Exploitation by people in power

e Harmful traditional practices (early marriages, genital mutilation, honor killings, infant killings)
e Lack of educational opportunities

e Loss of traditional male roles

e Trafficking for sexual or labor exploitation

e  Child labor

e Separation of families

e Traditional justice systems that do not embrace international imperatives and laws.
e Traditional power structures that ignore the rights and voices of women.

e Collapse of the structures, ethics and values of a society

e  Poor presence of women in international humanitarian or relief staff

e lack of opportunity to participate in peace and reconstruction processes

e Unemployment occasional or dangerous work

e Unequal hereditary, property rights

e  Mines and non-extinct mines (IRIN/OCHA 2005).

3. Emergency: Warfare-Natural Disasters and their Effects on Women and Girls
3.1 War conflicts and their effects on women and girls

Almost invisibly, without their own voice, with limited rights even in peacetime, little girls are perhaps the
greatest victims of modern wars. Statistics- and they are not the only ones- are silent, unable to reach a human
category that sometimes falls under the "children" column and sometimes in the "women" column. In this way,
girls are condemned once again in complete obscurity: they are considered to be "women" when they suffer
the consequences of war because of their sex and "children" when their victimization is due to their young age
(Gardam 2001). But women are not just "children", girls have a right to a separate approach, even at the level
of numbers. The problem seems to be perceived by international organizations, who in recent years have
repeatedly had the opportunity to note the relative gaps of their sources. How can one deal with an issue if he
does not attempt to describe it before?

The minimum data available are extremely worrying: in armed conflicts that shook the planet, girls are
confronted not only with hostile weapons, violent expatriation, hunger, and illness (IRIN 2004). In more and
more cases, girls are forced by warriors in a brutal "adulthood": they are transformed into warlike prey and they
are treated in such a traumatic way that will accompany them throughout their adult life (Shan 2002).

According to recent evidence, modern armed conflicts -82 measured for the period 1989-1993- show a creepy
originality: at the beginning of the century, the proportion of civilians on all the victims of a war did not exceed
5% at the 90's this percentage is already close to 90%, of which about half are children of both sexes. Besides,
it has been estimated that the armed conflicts of the past decade cost the lives of two million children, while
another six million children have been seriously injured or injured during the same period (Rehn 2002).

Extremely painful for girls are as already showed the mass movements of populations that occur during the
war. Violent uprooting from birthplace and the dissolution of family or community ties make girls easy prey of
all sorts of attack, on the other hand force them to take over adult roles and take on all the burdens of the
younger members of the family. Under these circumstances, girls are forced to mature within a 24-hour period.
In addition, in many armed conflicts, girls are employed as a working force responsible for cooking and cleaning
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the day, while at night they are assigned the role of warrior "spouse". There are still cases where girls are
selected to carry hidden explosives, but also to act as "human bombs" (Amnesty International 2004). The
justification is simple: the girls are the ones that least move the opponent's suspicions. This is not the end of
girls problems in the war. According to existing data, both during and after the conflict girls drop out of school
at rates three times higher than those of boys Girls are, moreover, those most often suffering from diseases,
especially sexually transmitted infections and those due to the lack of hygiene. There is also a large number of
girls who, as Rwanda and Bosnia point out, have to deal with the complex medical problems caused by
pregnancy and childbirth at an early age and as a result of rape (Ochieng 2005).

3.2 Natural or man-made disasters and their effects on women and girls

As in the case of armed conflict, women are more vulnerable to the impact of disasters because of their socially
defined, different roles and responsibilities than men have, and because of their inequality in access to
resources and decision-making.

The relatively low value attributed to girls in some societies may be fatal when combined with disasters.
Men, on the other hand, may be disadvantaged in different situations and for different reasons than women,
due to their socialization based on the role of gender. The role of the protector that men have can place them
with greater responsibility because they are more at risk during a disaster and the subsequent period, both for
their family's and when they take on volunteer and rescuer roles (IRIN 2004).

4. Conclusions

It is widely known that emergency situations have a different effect on women, men, girls and boys. The social,
cultural, economic and ecological context both before and after the crisis affects the degree of vulnerability of
the different groups. Factors such as gender, ethnicity, social group, poverty, belonging to a minority group or
not and age in a particular society determine its rights and access to sources, information, services, political
participation and the free speech. The interaction of these factors within society determines how women, men,
girls and boys are affected, protected, confronted and emerged from crisis situations.

Humanitarian organizations and actors tend to reproduce and perpetuate many of the inequalities that are
established in the societies that they are called upon to act. As a result, women are often excluded from all
humanitarian "response" processes in a crisis. This is not just an unfortunate oversight or a lack of
understanding of the tribal peculiarities. The violation of woman’s rights: in their participation in decision-
making, in information, in humanitarian aid, in the acquisition of survival means, in the knowledge of how they
can reduce the risk of future crises and can better prepare them, deprives them of dignity and their right to
security. It underestimates their active action, weakens them and strengthens inequalities. It also deprives
families and communities of the benefits of woman's contribution. Emergencies are often periods of intense
social unrest. But they also offer an opportunity to redress the existing inequalities between men and women
through faith and commitment to social change and transformation.
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Abstract

For the Public Power Corporation S.A (PPC), people are its most valuable resource. Within the frames of
protection of employees, visitors and infrastructure, PPC has developed and maintains plans and procedures to
identify the potential for, and responses to, incidents and emergency situations for its Mines and Power Plants.
Especially for Mines, it is in progress the development and implementation of Business Continuity Plans having
as ultimate goal the recovery of operation of its critical activities after a disruption. Environmental Emergency
Preparedness Plans are also developed and implemented. Through the implementation of Health & Safety
Management System, Business Continuity Management System and Environmental Management System a
common platform is formulated for the identification and assessment of risks and for the management of
emergency situations. The development, implementation and certification of these Plans shows the respect of
PPC Group to its employees, the society and the environment as well as the interest and respect to its customers
and its commitment to continuous and uninterrupted provision of high level services to them.

Keywords: emergency preparedness, business continuity, contingency plans, risk management

1. Introduction

The nature of mining can often present a range of uncertainties, which arises due to the complex inter-
relationships between technical, environmental, economic and even social risks. The inherent riskiness and
peculiarities of mining activities combined by the incremental likelihood of natural disasters, demands a
growing concern about employees and local communities’ safety and wellbeing. Within this frame, Mines
Business Unit of Public Power Corporation address the complex and often interrelated mix of risks through the
development of Health & Safety, Environmental and Business Continuity management systems. Emergency
response, crisis management and business continuity plans and capabilities are valid and important elements
of mitigating controls for operational risks.

2. Mines Business Unit of Public Power Corporation

The Public Power Corporation SA (PPC) is the leading producer and supplier of electricity in Greece, with
approximately 7.2 million customers. Its infrastructure extends from lignite mines to power stations. The
installed capacity of generating units amounted to 12.445 MW corresponding to approximately 61% of total
installed capacity in the country. Its subsidiaries, Hellenic Distribution System Operator SA and PPC Renewables
SA own and operate the distribution system and renewable energy installations respectively. Fuel for the Power
stations includes lignite and natural gas (for interconnected system).

PPC operates five open-cast mines which are located at the West Macedonia - Northern Greece and at
Peloponnese-Southern Greece with an annual lignite production of about 35Mt (2017).

The complicated structure of the lignite deposits, combined with the mining system, is strongly related to the
main production risks of the mining stages (Vlachos 2018).

2.1 Certified Management Systems at PPC’s Lignite Mines
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Currently, at PPC’s lignite mines the following management systems standards are implemented which are
certified by independent Certification Bodies:

ISO 22301/2012 (Business Continuity Management System)
OHSAS 18001/2007 (Health & Safety Management System)
ISO 14001/2015 (Environmental Management System)

ISO 9001/2015 (Quality management System)

In order to fulfill the requirements of these management systems, Mines Business Unit has developed
(Vlachos 2018):

e  Business Impact Analysis

e Risk assessments for production risks, health & safety risks and environmental risks

e  Risks Registers

e Emergency Contingency Plans

e  Business Continuity Plans

e Environmental Emergency Preparedness & Response Plans

e Safety Rules for Main Mine Equipment, Auxiliary Mine Equipment, Conveyor Belts and Maintenance
facilities

e Relevant Performance Indicators

e Risk mitigation measures

e Roles and responsibilities regarding these activities

e Relevant procedures and guidelines regarding incident and near-misses investigation, corrective and
preventive actions, internal audits, employees’ actions in emergency conditions (earthquakes, severe
weather conditions, fire, floods), handling and storage of hazardous materials etc

e Full scale exercises with the participation of external authorities (fire department, police, medical services)

3. Rationale for the development of Emergency Preparedness Plans

PPC’s Mines Business Unit has established and maintains plans and procedures to identify the potential for, and
responses to, incidents and emergency situations. Within this framework, MBU designs Emergency Contingency
Plans, Business Continuity Plans and Environmental Emergency Preparedness & Response Plans and periodically
reviews its emergency preparedness and procedures, in particular after the occurrence of incidents or
emergency situations. They also periodically test such procedures in cooperation with external organizations
such as local Fire Department and Police Department.

These Plans aims to:

- minimize the interruption of operation due to unplanned events,

- limit the extent of losses and disasters and prevent their escalation,
- implement in advance alternative operation modes,

- train mine stuff in emergency procedures,

- plan for the fast and smooth recovery of operation,

- minimize financial implications.

These Plans provides a number of properly trained employees so as to react immediately in an emergency in
order to address the effect of it.

Emergency Preparedness Plans could also provide type of metrics, among others, for health & Safety,
Environmental and Business Continuity management systems, as indicated in Figure 1 (Kadar 2013).

4. Contingency Plans

Emergency response includes the fixed and mobile equipment and human capacity needed to minimise the
physical impacts of an event. Firefighting and mines rescue are typical emergency response capabilities required
at an operating mine site
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Metric Description Measure
Existence of | Essential facilities and business processes | Plan inventory/count,
plans (high "Tier") have plans compliance to standards

Relevance of

Plans address scenarios (risks) of most

Scenarios addressed

plans concern

Viability  of . . Plan exercise dates,
Demonstrated in exercises

plans problems corrected

Plan review dates,

training dates

Currency of
plans

Plans are reviewed periodically, teams are
trained

Figure 1: Plans Performance Indicators

An Emergency Contingency Plan contains:

=  Area and Operations’ description
= Risks that will initiate the Plan
» Earthquake

» Fire

» Floods

» Explosions
» Land sliding

=  Organizational structure of the Plan (roles, responsibilities and authorizations)
= Procedures for initiation of the Plan
» Incident assessment and decision making for initiation of the Plan
» Incident warning procedure
=  Plan implementation
» Evacuation procedure
» Site secure
» Response
» Recovery & standing down procedures
=  Training of actions teams
=  Necessary equipment for plan’s implementation

5. Business Continuity Plans

Business continuity is the management structures and pre-investment in capacity and other arrangements
designed to minimize the period that business is interrupted by the emergency.

Before the development of a Business Continuity Plan, a Business Impact Analysis (BIA) is conducted. BIA
examines each business process that makes up the overall operation and asks what would happen to the
operation if that process stopped. Business Impact Analysis results in the identification of critical activities, the
required recovery time in the event of disruption and the impact of disruption of each activity in mines’
operation. Each critical activity is examined to see what it depends on, what it delivers and what depends on it.
The critical output from the BIA is the chain of critical activities. This identification process establishes the
timeframe within which the critical activities must be resumed after the disruption event. The identified critical
activities are:

e Lignite delivery in Power Stations (quantity and quality characteristics)
e Lignite Stockyards operation

e  Excavation

e Conveyors’ Belts Control Room operation

e Lignite and overburden materials transfer through conveyor belts

e  Electrical and Mechanical Support
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e  Dumping of overburden materials
The identification of critical activities and the criticality order were achieved through the use of three

parameters “impact”, “alternative activity” and “recovery priority”. For each of the critical activities, risks which,
if materialized could have negative impact, were identified and assessed. The risks assessed through a semi-
guantitative method, under 1ISO 31000 principles and guidelines. Interdependencies between critical activities

are also identified.

Recovery procedures through the form of Business Continuity Plans were developed for each identified critical
activity and respective risks, adding in special steps as required by the differing exposures of each activity.

Business Impact Analysis together with Risk Assessment and Business Continuity Plan forms the Business
Continuity Management life cycle (Hour 2012) as indicated in Figure 2.

Business
Impact
Analysis

Risk
Assessment

Training & BCM
awareness Strategy

Business
Continuity
Planning

Figure 2: Business Continuity Management life cycle

A Business Continuity Plan contains:

= Scope and objectives

=  Mine’s infrastructure

= Response Plans

= Recovery Plans

= Defined roles and responsibilities for people and teams having authority during and following an incident
=  Members of Actions (response and recovery) Teams

= Sub-contractors which might involve and provide assistance during an incident

= Appropriate documents’ forms for Communication and Incident Warning

=  Emergency contacts (Fire Department, Police department, Emergency Medical Services)

A Recovery Plan for each critical activity and respective risk contains:

Consequences on the activity because of risk materialization

Recovery Time Objective (RTO) and Maximum Tolerable Period of Disruption (MTPD)

Roles, responsibilities and authorities

Recovery Actions (implementation procedures), which consists on how to recover the activity within the
predetermined timeframes (RTO & MTPD)

Required resources (human resources, equipment, infrastructure, sub-contractors)

VV VY

A\
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Regardless of circumstance, a valid recovery plan must cater for all possible disaster events. It may well be that
the event is so far reaching, such as a natural catastrophe, that one’s own recovery plan becomes a mere sub-
set of an overall strategy. Nevertheless, all possibilities must be catered for at some level of planning. The
recovery plan scope defines what each plan does and points to where each excluded recovery is covered. There
can be no circumstance that has neither a planned recovery response nor an explicit exclusion.

6. Environmental Emergency Preparedness & Response Plans

Environmental Emergency Preparedness & Response Plans are an ISO 14001:2015 Standard requirement and
are developed according to 1SO 14004:2016 Standard guidelines. In preparing these plans, consideration is be
given to the initial environmental impact that can result as well as and any secondary environmental impact
that can occur as a result of responding to the initial environmental impact. In order to determine
environmental emergency situations MBU follows the risk assessment methodology according to 1ISO 31000
Standard. The form of Environmental Emergency Plans are similar to those of Business Continuity Plans and
they include:

The most likely type and scale of an emergency situation

Equipment and resources needed

Actions required to minimize environmental damage

Roles, responsibilities and authorities

YV VYV

7. Periodic Testing of Emergency Response Procedures

To receive the maximum benefits from a management system (health & safety, business continuity,
environmental), we need to make sure our staff are adequately trained. The most reliable way to evaluate the
effectiveness of training is to conduct exercises and drills.

Exercises are activities designed to examine the staff’s ability to effectively respond, recover and continue to
perform assigned business functions when faced with specific disruptive scenarios (ISO 22313).

Full scale exercises (FSE) are conducted periodically for each Plan with the participation of local Fire
Department, Police Department and Emergency Medical Services. The roles in exercise management team
includes:

o Exercise coordinator

o Response/Recovery Teams

o Assessors/evaluators

o Observers

Drills are conducted to test a single specific action (evacuation, communication, firefighting)

Apart from full scale exercises and drills, scenario based table top exercises (TTX) are also conducted. A table
top exercise is based on a relevant scenario with a time line which may run in “real time” and include key
personnel discussing simulated scenarios that involve disruptive event in an informal setting [around a table].

Before conducting the exercise, a start-up briefing is used to inform observers for the scenario and for all
participants to avoid confusion between simulated and actual events.

After the completion of each exercise, post exercise activities include:

=  Debriefing sessions to review exercise results and identify actions for improvements

= Post-exercise reporting

= A comprehensive summary with recommendations

Testing is focused on failure not success, so we are looking for things wrong with the recovery procedure. For a
better test a vital process or support may be removed or inhibited. For example, by trying to put a fire out
without any telecoms. Testing goes on as long as it can be afforded, each cycle looking to see what happens if
a vital process cannot be used and trying out alternatives.

8. Integration of Emergency Preparedness Plans

As it is mentioned at I1SO 14004:2016 Standard (Environmental Management Systems-General Guidelines on
implementation): “In planning for emergency preparedness, the links with other management systems relating
to business continuity and occupational health and safety can be considered”.
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The integration of Contingency Plans, Business Continuity Plans and Environmental Emergency Preparedness &
Response Plans, formulate an integrated solution for emergency response, disaster recovery and crisis
management (Escalera et al. 2015) as indicated in Figure 3.

Business Continuity Disaster Recovery

Emergency Response

Figure 3: Integrated solution for emergency preparedness

By integrating those Plans, we could formulate a common emergency preparedness platform by following the
strategy of 4Rs (Risk reduction, Readiness, Response, Recovery) embedded in a holistic approach of risk
management. A single-platform QEHSBC (Quality, Environmental, Health & Safety, Business Continuity) System
centralizes tracking to better identify and eliminate systemic risk which is a main goal of operational excellence.
Siloing quality and EHS management creates roadblocks to achieving operational excellence, while an
integrated QEHSBC System streamlines the path forward (Vlachos 2018).

9 Conclusions

The vulnerability of open cast mines due to increasing risk over time of weather related hazards combined with
geological related risks and technical related hazards draw the riskiness picture of mining which could be
confronted by proactive actions and preparations. Emergency Plans are a tool to allow an organization to
consider the steps necessary to confront an unintentionally, intentionally and natural caused incidence
(disruption, disaster or emergency). They are considered as a pro-active movement in order to react effectively
in an emergency. Integration of emergency plans formulates common response and recovery activities for a
broad range of incidents regarding health & safety, environmental and operational, which ultimately assures
business continuity and a resilient organization. All the above are based on sound risk and business continuity
management processes which are important aspects of mining business success. Business Continuity practices
can be used in advance of any potential emergency event to pave the way for quicker recovery.
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Abstract

The scope of this paper is to present an approach to achieve the development of a preventive culture through
a life-long learning strategy for the benefit of the society at large.

The author’s 30-year experience and his relevant studies in assessing risks and managing crises show that
prevention is not part of societal culture especially in Greece but in the EU as well, resulting in a chaotic response
in case of extreme events that usually result in large-scale crises at a price of multiple life losses as well as asset
degradation.

This paper presents an overall specific tri-fold strategy of systems-communication-enforcement that has been
successfully employed in high-risk workplace environments and achieved impressive results. This strategy is
supported by a six-pillar approach that was successfully implemented in the abovementioned workplace
environments.

Then, the paper focuses and presents a life-long learning strategy that can gradually lift the barriers that shape
the culture of larger than the workplace populations by proportionally implementing this approach through the
involvement of larger-scale educational structures from schools to universities as well as the corresponding
institutional support. Some time scale, though definitely culture-dependent, is also proposed.

Using the recommended approach as a backbone, states can start building or enhancing their preventive culture
atalarger scale that will activate collective reflexes in emergency or even extreme situations to minimize human
and asset loss, a cultural index representative of a civilized societal environment.

Key words: life-long learning, strategy, education, training, crisis

1 Introduction

Experience has shown that assessing and managing emergencies and their development in time is still largely
problematic. The recent disastrous events that results in death scores as well as unprecedented property loss
due to large-scale forest fires in Mati as well as in California only justify this argument. Despite the knowhow
that is being constantly upgraded as well as the supporting technical means provided by the latest technological
developments, it seems that this infrastructure remains largely ineffective to provide full, or at least more
effective, civil protection.

In the beginning of the 21 century, the value-centered technology has and will continue to provide solutions
that improve the human standards of living of the users as well as in the preservation of human life, yet it seems
that most system-user designers forget the basic fact that effectiveness relies not only on the reliability of the
technological systems but mainly on the one of the user. Since, as the ancient Greeks supported, the starting
point of all must be established through education, this paper presents an initiating framework that could
provide long-term benefits regarding Civil Protection based on a strategy that will allow the embedding of the
prevention and preparedness concepts not in the knowhow of trained professionals or volunteers but in the
culture of the society at large. This strategy has a name: Life-Long-Learning or in brief L3 (L cube). The symbolism
is clear; this strategy should extend and serve equally all directions. In this sense, a society needs leaders with
competitive intelligence, followers with critical thinking and a societal involvement that understands the value
of a L3 Strategy and combats complacency and indifference.

The expected strategic plan to achieve the strategic goal of minimizing human (and why not property as a
positive side-effect) loss is to raise social awareness and sensitivity that will lead to extended social integration
into the existing Civil Protection Structures (systemic, technological, specialized human resources) in order to
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be able to activate collective disciplined reflexes during Crises. This teamwork-driven behavior results in
enhanced Crises Management effectiveness that in turn is bound to minimize human loss.

2 Defining the challenge

Since this paper deals mostly with learning, one must first clarify the basic misconceptions among general
population as well as most specialists. Throughout my career as an instructor, consultant as well as a developer
of crisis management systems, | realized that the general population lacks the reliable information that can
make a difference when facing extreme situations; most of this information is basic (How to survive 1982). The
source of the problem is that instructors throughout their learning process do not provide them with clear
definitions of the important concepts. In this paper one must first clarify the material difference between the
concepts of crisis versus that of an emergency (Beck, Holzer 2007).

An emergency situation comprises a predictable incident scenario that results in a more or less controllable
sequence of events given the fact that a minimum state of preparedness has been established prior to the
event.

A crisis, on the other hand, is a far less predictable incident scenario, in some cases described, by the ones
involved and survived, as “unimaginable” hence resulting in an uncontrollable sequence of events that escalate
to a disaster. Of course, an emergency situation can also lead to a disaster should the preparedness level of the
responsible State Structures is substandard. But the two cases must be distinguished and managed differently
(Roberts, Madsen, Desai 2007).

A large-scale fire at a high-rise building is not unpredictable; in fact it is one of the prevailing incident scenarios
expected and is, or at least should be, usually contained without human loss. Hence, its disastrous results are
linked to inadequate fire protection specifications by the designers, lack of resources of the facility
management, insufficient preparedness on behalf of the residents and so on. Owing to this fact, a high death
toll because of a building fire is something not anticipated and could result in a crisis as it happened at the
incident of the Grenfell Tower. On the other hand, a large-scale fire at a high-rise building because of airplanes
ramming into its structure, as in the November 2011 Twin-Tower incident, is such an unexpected scenario that
could be described as “unimaginable”. Therefore, no design specifications or training schemes seem sufficient
to confront effectively such an incident once it happens. In this case, the incident itself leads to a crisis
irrespective of the human loss factor.

The L3 Strategy focuses on human loss prevention through preparedness to expect the unexpected by creating
a Social Preparedness Culture.

Culture is linked to behavioral consistency, which in turn means that as a concept it must be characterized by
(a) resistance against time, (b) self-sustainability and (3) resistance against adverse socio-environmental
influences. A Socio-Cultural environment leads to disciplined hence reliable behaviors against situations that
may affect social peace.

The L3 Strategy focuses on creating a social safety culture focused on preserving life at a larger scale less self-
centered level which, in any case, is instinct-driven.

3 Factors affecting Social Culture

The development of behaviors travels a quite cumbersome path until each individual adopts its own behavioral
pattern as depicted in Figure 1 below.
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Figure 1: Factors affecting Social Culture; “The Six Pillars of Safety Culture” (Scroubelos 2014)

People are influenced at the beginning by their narrow social environment comprising family, school and friends
and, later on, by their broader one comprising work and social life, a societal education which shapes their
character. These are factors that can be macroscopically identified and studied hence we can characterize them
as broadband factors that gradually shape a person’s mentality or line of thinking.

Yet the process of external stimuli is continuous and gradually produces a more consistent, thus predictive,
mentality according to which thoughts are born and evolve in the brain from which decisions are derived. When
externalized, decisions result in behavioral patterns comprising speaking and actions. Most of this continuous
stimuli-response process is invisible hence unidentifiable therefore these factors can be characterized as
narrowband whose only visible part is behavior, a usually inconsistent and thus unreliable factor governed by
individual survival instincts when it comes to confronting threat (Weick 1993). This means that people are
usually not interested in large scale disasters because they believe that that the probability of happening is
meagre (Burton, Luecke 2004).

By examining Figure 1 one can realize that to achieve consistent behavioral change so as to establish a cultural
change in large populations, the only factor that can be influenced is the stimuli. Hence, any culture-oriented
strategy must focus in providing stimuli that must have the specific gravity to create the desired behaviors
(Kontogiannis 2017). Implemented in difficult working environments where the subjects were already adults
with already formulated characters and embedded risky behaviors, the author developed a 6-Pillar approach
that managed to provide the influential stimuli to create automated workplace behaviors under both day-to-
day as well as critical circumstances (Scroubelos 2014). Since workplaces bear similar, if not more challenging,
characteristics to Society, this method was modified to fit a broader environment that will result in creating the
same results, i.e. the behavioral consistency required in larger populations in case of emergency. This behavioral
consistency, if preserved, creates the desirable cultural result.

An L3 Strategy provides stimuli in the form of continuous information to the Society in order to drive the
appropriate automated behaviors that will improve the safety of civilians against all risks (BS 25999:2006).

4 The L3 Strategic Focus

A large-scale Crisis is characterized by two factors that must be effectively managed: (1) time pressure and (2)
uncertainty to reduce the adverse effects of a crisis (Hagiwara 2007), (Pearson & Clair 1998). The only available
tool during such a situation is the brain and its quality characteristics of (a) knowledge, (b) critical thinking, (c)
social discipline and (d) behavioral consistency. During times of crises only a knowledgeable, disciplined brain
has higher survival probabilities. If knowledge and discipline are introduced in social behaviors a lot of time is
saved and uncertainty can be balanced by team initiatives.

The L3 Strategic Focus promotes both education for knowledge acquisition as well as training for skills
acquisition at a social level in order to enhance the brain’s quality characteristics including its ability to retain
the knowledge acquired, one of the most important factors in training (Kontogiannis 2017).
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5 The L3 Strategic Plan via the 6-Pillar Approach at a Social Scale

As discussed above, the Six-Pillar approach creates culture if implemented within a group of people sharing the
same objectives; at a social scale these pillars can be slightly adapted and listed in a sequential order in the
sense that each pillar is a quasi-prerequisite for the next as shown in Figure 2 below.
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Figure 2: The Six Pillars adopted for implementation at a Social Scale

Political commitment is the absolute driver; without it nothing can be achieved to a degree that will bring
substantial results in Civil Protection as it is the Central Government’s responsibility to provide the legal
framework to enforce as well as the budgetary resources to support a L3 Strategy.

Societal involvement is the core of the L® Strategy and it is the responsibility of the Central Government to
ensure that such a strategy is endorsed by the whole Society; an L3 Strategy should be a part of any political
declaration irrespective of orientation.

The Body of Knowledge (BoK) is the identity of the L3 Strategic Plan; it describes the context of the necessary
information the public should be made aware of in order to be able to respond as one should an emergency
occur, even when and if it evolves into a crisis, depending on the individual societal needs. It is clearly the
Educational and Scientific Institutions that must undertake this task under the support of the Central as well as
Local Authorities with minimum political interventions.

A Learning Process is the communications tool of the L3 Strategic Plan; such a process is the dynamic part of
societal education and training based on the BoK. Pedagogical principles should be implemented to enhance
the effectiveness of the stimuli on the Society (Calixto 2015), (lkehara 1999).

Management of Change is the prerequisite for progress; Societies must learn that change is constant, new data
arise and the unimaginable is always a realistic possibility; in this sense Societies must be lead to stay vigilant
otherwise complacency will certainly result in disaster. This task is easier to be handled in smaller scale groups
of the Local Societies governed by Local Authorities. Small-scale implementation models result in understanding
the flaws in a management scheme at a larger scale functioning usually as a magnifying glass. Change is always
easier to be adopted in smaller groups therefore at local scale.

Continual Improvement is the goal; again, it is easier to narrate, i.e. achieve, a success story at the smaller local
scale where civilians may face challenges of common characteristics. Hence, Local Authorities should encourage
and communicate these efforts as feedback to the Central Government as well as the Educational and Scientific
Institutions in order to maintain the 6-Pillar process active by renewing the political commitment, achieving a
broader societal involvement and so on.
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6 The L3 BoK Development and Communication Process

The initial BoK must be developed at high-level; consultation with top experts and mentors is imperative. This
will allow an Educate-the-Educator/Train-the-Trainer process to create the future instructors at all educational
tiers in order to achieve the knowledge transfer to all social levels in an effective way. The Central Government
must also support the continual testing, reviewing and improving this BoK according to the latest developments.

7 Competency Requirements for achieving Life-Long Learning (L3)
The Central Government should develop policies that distinguish between the BoK context that leads to
qualification of the acquired knowledge and the BoK context that leads to certification of the acquired skills.
Qualification is provided at the education level while certification is provided at the competence level.
Most strategic approaches include in their Strategic Planning either the educational aspect or the competence
aspect or maybe both by they are very rarely interlinked. In order to create a Social Culture the State Structures
must develop a cohesive strategy that includes all educational levels and continues throughout the entire life
of the individual. This plan is not ambitious; wireless communications technology was introduced in the 1990’s
and within less than 25 years the population from as early as the kindergarten has familiarized themselves with
the use of cell phones or the internet for example. The problem discussed now is that the abundance of the
available knowledge leads to inflation which diminishes the added value; that is why the learning process must
be controlled and critical thinking must be developed in parallel as described in Pillar 4.
When developing a L3 Strategic Plan, one must take into account that all Social Groups must be involved as
described in Pillar 2. However, not all social groups need to have the same level of information hence education
and training; the L3 Strategic Plan defines the minimum levels of education and training depending on the role-
play of each social group.
The proposed L3 Strategy defines four information aptitude (education/ training) levels:

e High to be acquired at higher education (Universities, Institutes of Technology)

e Good to be acquired at College or equivalent

e  Average to be acquired at high school

e  Basic to be acquired at primary school
The BoK context has to address the following thematic units:

o Legal knowledge
Technical knowledge
Managerial skills
Leadership skills
Communication skills
Disciplinary mentality

o Management tools
The above units must be assigned to the various involvement societal groups that will undertake the role-play,
which are:

=  Mentors/ Educators

= Trainers/ Scientists

=  Civil Authorities/ Group leaders

= Civilian Volunteers

= Social Workers/ Group Leaders

= Civilians at large
The relationship of the above is depicted in Figure 3 below:

O O O O O
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Figure 3: Body Of Knowledge (BoK) competence requirements at a Social level; the relationships between the
aptitude (competence/ education) levels, the BoK context and various involvement societal groups is
exhibited according to the L3 Strategy

In order to be more specific regarding the duration that will determine the required resources, the L3 Strategic
Plan proposes the following scheme.
1. Education Level for knowledge acquisition

1.1. Primary education: 144 hours

1.2. Secondary education: 144 hours

1.3. College or equivalent: 220 hours

1.4. Higher education: 400 hours towards Qualification
2. Training Level for skills acquisition towards Certification with a 3-year validity span

2.1. Basic: 70 hours

2.2. Average: 140 hours

2.3. Good: 210 hours

2.4. High: 280 hours
Irrespective of the qualification which could be of life-long validity, the Certification must be compulsory and
with limited validity over time to allow for all Social Group Members to update their know-how on the latest
developments. Of course, qualification must be necessary to belong in the group of mentors, educators, trainers
and scientists while the rest of the group members should bear certification in order to be able to participate
in the rest of the groups save the civilians.
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8 The 7-step Roadmap to Creating a Social Preparedness Culture
Once the infrastructure is in place, a 7-step Roadmap can be designed to measure progress against the goal,
each step serving as a milestone.
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Figure 4: The 7-step Roadmap with clearly identifiable milestones; the L3 Strategy is intervenes after political
commitment and support is assured, the success thereon depending on the continuous and consistent (C&C)
implementation

For the Roadmap to be successful and not an endless wish-list, continuity and consistency (C&C) must be
present at each step as a prerequisite; also, as shown in Figure 4 above the L3 Strategy is introduced only after
the political parameter is assured as the learning process must not have political orientation as it addresses all
civilians. If the policy makers (Central & Local Authorities) provide the resources to create and support reliable
knowledge providers (Schools, Colleges Universities & Training Institutions, Steps 1-2), then the learning process
will spread in the society and bring a broader behavioral change (Step 3) that will gradually be widely recognized
(Step 4) and accepted (Step 5) as a necessity since the benefits will become apparent. Subsequently, the society
will embed this new behavior in its social behavioral patterns by expanding the implementation (Step 6); this
will result in gradual social behavioral assimilation, a social behavior that will be recognized as characteristic of
the social environment. This habitual behavior is characterized by high automation driven by high quality
education and training. At this stage the social culture has moved to a new cognitive level.

9 Conclusions

To minimize the impact of catastrophic consequences, defined as extensive life and asset loss, when crises
occur, societies must react fast and synchronized to face the main crises characteristics of uncertainty and time,
the first being an unequivocal fact and the latter an unbeatable parameter. The only barrier standing tall is a
collective fast reaction at a social scale, which can only be achieved by adopting a Life Long Learning (L3) Strategy
at a Social Level embedded in a preventive time-frame in order to create the societal culture that, in time of
crisis, will in turn activate a collective behavioral response in a timely and effective manner to achieve loss
minimization.

In the era of continuous change of the sociotechnological environment in which new risks appear and develop
into crises faster than ever, the society’s only defense, the human brain has to adapt to raise the survival stakes.
More specifically, the brain’s naturally slow learning process and individual perception has to be enhanced by
the knowledge of how to respond effectively and collectively to crises management in a strategic framework
through education at first, to acquire the knowledge, and life-long-learning later, to acquire the skills and
maintain the initial knowledge thus resisting generational memory loss.

This, in turn, means that the policy makers have to work together with scientists and educators to develop a
Life Long Learning strategic planning that must introduce the necessary knowledge to all educational levels;
such a scheme is presented in this paper and could serve as a milestone for further development and adaptation
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depending on the societal individual needs. The key to success is the fact that total societal structure
involvement is imperative.
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Abstract

On September 7, 2017, an M 8.2 earthquake struck Southern Mexico with epicenter located offshore in
Tehuantepec Gulf, almost 750 km southeast of Mexico City. It caused 98 fatalities. On September 19, 2017, an
M 7.1 earthquake struck Central Mexico with epicenter determined onshore, about 130 km south of Mexico
City. This earthquake claimed the life of 370 people in Central Mexico. The dominant building types are
reinforced concrete (R/C) buildings with R/C frame and infill-partition walls, masonry structures with masonry
load-bearing walls, adobe structures and mixed types. The first earthquake caused damage to Chiapas and
Oaxaca states (Southern Mexico). All the aforementioned building types suffered damage varying from
negligible to slight non-structural damage comprising hair-line cracks in very few walls and fall of small plaster
pieces to heavy structural damage including partial or total collapse. The second earthquake caused damage to
Mexico City and Puebla and Morelos states (Central Mexico). About 40 buildings collapsed in Mexico City, while
hundreds of others suffered considerable non-structural and structural damage forcing residents to evacuate.
Damage is attributed to the violent and prolonged shaking due to extreme amplification of seismic waves and
the duration of intense ground motion within the Mexico basin, the differential settlement of buildings under
the earthquake loads, the building pounding, the effect of the horizontal component of the earthquake ground
motion especially in Mexico City and the effect of the vertical component in the majority of the affected areas
in Puebla and Morelos states.

Keywords: Mexico, earthquakes, building damage, adobe,
1. Introduction

Mexico is located in the south part of North America and from the geotectonic point of view in the east of the
Central Mexico Subduction Zone, where the Cocos plate subducts under the North American Plate (Fig. 1)
resulting in large subduction thrust earthquakes with moment magnitude up to Mw 8.0 every 40-60 years.
Mexico is affected not only by interplate seismic events along the Central Mexico Subduction Zone, but also by
intraslab earthquakes in the subducting Cocos plate, and crustal earthquakes along the Mexican volcanic belt
(Fig. 1).

The interplate earthquakes rupture Cocos - North American plate interface along the Pacific coast of Mexico.
The faulting occurs on a low-angle thrust plane at a relatively shallow depth of about 15-25 km. The intraslab
earthquakes are generated in the Central Mexico. The faulting occurs at a depth of ~40-80 km and indicate
normal faulting.

Mexico City is also affected from earthquakes having different origin. There exist four types based on
Rosenblueth et al. (1989): (1) local earthquakes; (2) continental plate earthquakes; (3) intermediate depth
earthquakes and (4) subduction earthquakes. The subduction earthquakes occur at distances of more than 300
km from the city, while the intraslab earthquakes at distances close to 150 km from the city (Fig. 1). It has been
observed that the normal-faulting and subduction earthquakes are the most dangerous events for Mexico City.
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A characteristic example of a subduction earthquake is the September 19, 1985 Mw 8.0 Michoacdan event. It
caused unprecedented damage to the building stock of Mexico City with more than 4000 buildings suffering
very heavy structural damage including total or partial collapse and consequently more than 10000 human
losses. Based on statistical analysis of the 1985 earthquake, it is concluded that damage distribution was not
random (Booth et al. 1986; Butcher et al. 1988; Iglesias et al. 1988; Iglesias 1989). The distribution was strongly
related to the distribution of the lacustrine sediments of the Mexico basin and the height of the damaged
structures (Booth et al. 1986; Butcher et al. 1988; Iglesias et al. 1988; Iglesias 1989). More specifically, high-rise
buildings with 7-12 storeys founded on lacustrine sediments of the affected basin suffered very heavy structural
damage, in contrast to low-rise buildings that suffered lighter structural or heavy non-structural damage.

The last destructive geodynamic episodes in the evolution of Mexico occurred during September 2017. On
September 7, 2017, an M 8.2 earthquake struck Southern Mexico with epicenter located offshore in
Tehuantepec Gulf, almost 750 km southeast of Mexico City. On September 19, 2017, an M 7.1 earthquake struck
Central Mexico with epicenter determined onshore, about 130 km south of Mexico City. This earthquake
claimed the life of 370 people in Central Mexico.

The aim of this paper is to present the building damage induced by the September 2017 earthquakes and
observed by the authors during a field survey in the affected areas of Mexico shortly after the generation of the
earthquakes. Moreover, the factors controlling building damage distribution along with the geological setting
of Mexico basin and the dominant building types of the affected areas are also discussed.
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Figure 1: The Central Mexico Subduction Zone, where the Cocos plate subducts under the North American
plate, along with interplate historical and recent earthquakes and its seismic gaps. The intraslab earthquakes
within the subducting Cocos plate and the crustal earthquakes along the Mexican volcanic belt are also
illustrated. The epicenters of the September 2018 Mexico earthquakes are also illustrated (modified from
http://usuarios.geofisica.unam.mx/vladimir/images/EQ_map_2013_es_clear.jpg).

2. Geological setting of Mexico basin, amplification of the seismic motion and aggravation of earthquake-
induced damage

The Mexico basin is a closed, ellipsoidal basin, having a major axis measuring about 100 km from the Sierra de
Pachuca to the north, to the Sierra de Chichinautzin to the south (Fig. 2). The minor axis has a length of 80 km

99
-Oral Presentations-




SafeKozani 2018 - 5th International Conference on Civil Protection & New Technology - Proceedings

measured from the Sierra de Las Cruces to the west, to the snow covered peaks of Iztaccihuatl on the east. The
mountain ranges that bound the Mexico basin are of volcanic origin, have chemical composition from
intermediate to basic and have ages that vary from Middle Oligocene to recent (Juarez-Camarena et al. 2016)
(Fig. 2). The central part of the area consists of lacustrine soft clay deposits (Ql), which are surrounded by alluvial
deposits (Qal) that also extend below the lacustrine deposits (Fig. 2). More specifically, Mexico basin is divided
into three main zones: (Zone I) the Hill Zone, where tuffs dominated; (Zone II) the Transition Zone, formed by
alluvial fans at the base of the hills; and (Zone IIl) the Lake Zone, corresponding to the soft lake beds (Fig. 2).
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Figure 2: (up left) Mexico basin bounded by mountain ranges of volcanic origin and age from Middle
Oligocene to recent (from Flores-Estrella et al. 2007). (up right) Mexico basin is divided into three main zones
(modified from Marsal and Mazari 1959). (down) Schematic geologic section through Mexico basin. 1:
Oligocene-Miocene; 2: Miocene-Pliocene; 3: Texcoco conglomerate; 4: Cretacic limestone; 5: Latites, dacites,
andesites and basaltic andesites; 6: Tufas, lavas and pyroclastic flows, mainly of andesitic composition; 7:
Tufas; 8: Lacustine sediments and evaporates; 9: Andesites and dacites from the Iztaccihuatl volcano; 10:
Cretacic limestones; 11: Schists of the Acatlan group (from Sanchez 1989).

The Mexico City occupies the area of the former Lake Texcoco and settlements in the Prehispanic Mexico basin
(Fig. 3), where soft lake sediments occur. The negative impact of the ancient lake deposits to the buildings is
that Mexico City experiences some of the largest seismic site effects worldwide. Besides the extreme
amplification of seismic waves, duration of intense ground motion from large subduction earthquakes exceeds
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three minutes in the lake-bed zone of the basin, where hundreds of buildings collapsed or were seriously
damaged during the 1985 Mw 8.0 Michoacan earthquake. Different mechanisms contribute to the long lasting
motions, such as the regional dispersion and multiple-scattering of the incoming wavefield from the coast, more
than 300 km away from the city (Cruz-Atienza et al. 2016).

By means of high performance computational modeling, Cruz-Atienza et al. (2016) showed that, despite the
highly dissipative basin deposits, seismic energy can propagate long distances in the deep structure of the valley,
promoting also a large elongation of motion. The simulations of Cruz-Atienza et al. (2016) revealed that the
seismic response of the basin is dominated by surface-waves overtones, and that this mechanism increases the
duration of ground motion by more than 170% and 290% of the incoming wavefield duration at 0.5 and 0.3Hz,
respectively, which are two frequencies with the largest observed amplification. This conclusion contradicts
what has been previously stated from observational and modeling investigations, where the basin itself has
been discarded as a preponderant factor promoting long and devastating shaking in Mexico City.
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Figure 3: Mexico basin and surrounding mountain ranges. Panoramic drone view from the Mexican Federal
Highway 150D (Mexico — Puebla) (From Lekkas et al. 2017).

3. The September 2017 M 8.2 Chiapas And M 7.1 Puebla-Morelos Earthquakes

On September 7 2017, at 23:49 CDT (local time; 04:49 on the 8" UTC) a great earthquake struck Mexico. Its
magnitude was measured M 8.2 (UNAM, 2017) or 8.1 (USGS, 2017) and its epicenter was determined offshore
Chiapas and more specifically in the Gulf of Tehuantepec, almost 750 km away from the Mexico City (Fig. 4). It
has been largely felt in Mexico City and in Guatemala City located more than 350 and 1000 km away from the
epicenter respectively.

Based on the focal mechanisms provided by several seismological organizations and observatories, the
earthquake was generated by the activation of a NW-SE striking normal fault (Fig. 4). At the epicentral area, the
oceanic floor of Cocos plate converges with the continental edge of the North America plate at a rate of about
76 mm/yr in a northeast direction. The Middle American Trench, located in a distance of about 100 km
southwest from this earthquake epicenter, is a major subduction zone extending from Central Mexico to Costa
Rica with a length of 2750 km and a maximum depth of 6670 m. It constitutes the boundary between the Rivera,
Cocos, and Nazca plates on one side and the North America plate on the other.

Based on the epicenter location, the focal depth and the focal mechanism of the M 8.2 September 7, 2017
earthquake, it is concluded that this earthquake can be characterized as an intraplate seismic event within the
subducting Cocos slab. The rupture surface is approximately 80 km along strike and 60 km along downdip
direction, while the seismic moment release based upon this plane is 2.5e+28 dyne.cm (USGS, 2017).
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This earthquake caused 98 fatalities, 80% of which occurred in Oaxaca and 800000 in need of humanitarian aid
in Oaxaca and Chiapas. In Guatemala, 44000 people were affected and 5835 people were displaced based on
the reports of the United Nations Office for the Coordination of Humanitarian Affairs (UNOCHA, 2017).

As regards the earthquake environmental effects, this earthquake caused the generation of tsunami waves of
1.75 m above tide level resulting in issue of tsunami alerts for the surrounding coastal areas.

Twelve days after the generation of the M 8.2 Chiapas earthquake, another major earthquake struck Mexico.
On September 19, 2017, at 13:14 CDT (local time; 18:14 UTC) an M 7.1 earthquake struck the central part of the
country. Its epicenter was determined onshore, about 55 km south of Puebla City and 130 km south of Mexico
City (Fig. 4). Unfortunately, the earthquake claimed the life of 370 people in Central Mexico due to building
collapse attributed to violent and prolonged shaking, while 6011 were injured due to building collapse and
falling debris. Very heavy structural damage and maximum intensities were observed in the Greater Mexico City
area and in the Mexican states of Puebla and Morelos. As regards Mexico City, more than 40 buildings suffered
heavy structural damage including total or near total collapse resulting in 228 fatalities.

Based on the focal mechanisms provided by several seismological organizations and observatories, the
earthquake was resulted by normal faulting at a depth of 50 km (Fig. 4). It is also considered as an intraplate
seismic event within the subducting Cocos slab.

100 km 100 km
—— Polifcal boundaries — Politieal bourdaries
—— Teotonic plates boundaries —— Tectonic plates boundaries.

Figure 4: Epicenters, focal depths and focal mechanisms for the September 7 (left) and the September 19
(right) 2017 Mexico earthquakes provided by several seismological observatories and institutes (USGS, GCMT,
CPPT, IPGP, GFZ).

As far as the induced environmental effects is concerned, the earthquake triggered the eruption of the
Popocatépetl volcano. The volcano burst into life sending a large plume of smoke into the sky. Based on local
authorities, a church collapsed resulting in 15 fatalities in Atzitzihuacan on the slopes of the volcano.
Earthquake-induced landslides were also generated in El Jale, Ixtapaluca, Mexico City. Moreover, anomalous
river waves were observed in a canal of Xochimilco River close to Mexico City, which was turned into a frothing
torrent as the September 19, 2017 M 7.1 earthquake hit.

The M 7.1 earthquake coincidentally occurred on the 32" anniversary of the September 19, 1985 Mexico City
earthquake that claimed the life of thousands of people and occurred as a result of thrust faulting on the plate
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interface between Cocos and North America plates located at a distance of 450 km to the west of the September
19 2017 earthquake epicenter. The 1985 Mexico earthquake disaster led to changes in building codes and
enhanced emergency preparation measures, including the annual nationwide drills. This seismic event was
commemorated and a nationwide earthquake drill was held with more than 7 million people participating, at
11 a.m. local time, just two hours before the 2017 earthquake. Millions of employees from various official
entities and private companies, students from colleges and universities participated to this drill and more than
17000 buildings were successfully evacuated.

4. Dominant building types in Mexico City and the surrounding areas affected by the 2017 September
earthquakes

Few days after the earthquake, members from the Faculty of Dynamic Tectonic Applied Geology of the
Department of Geology and Geoenvironment of the National and Kapodistrian University of Athens visited
Central Mexico in order to conduct a geological reconnaissance and a field macroseismic survey in the
earthquake-affected areas of Mexico.

Based on field observations, it is concluded that the dominant types of buildings in the affected area of Central
Mexico are: (a) reinforced concrete (R/C) buildings with R/C frame and infill-partition walls (Fig. 5, 6, 7), (b)
adobe structures (Fig. 8) and (c) mixed types of buildings (Fig. 9).

The R/C buildings constitute the majority of structures in the affected area of Mexico City and are classified
into:

(a) 1-6 storey buildings with R/C frame members with non-ductile detailing and unreinforced masonry plain
infill of bricks, clay tiles or concrete blocks with bricks being most common,

(b) 7-12 storey buildings with R/C frame members with non-ductile detailing, reinforced single diagonal strut
and unreinforced masonry infill of bricks, clay tiles or concrete blocks with bricks being most common,

(c) 7-12 storey buildings with R/C frame members with non-ductile detailing, supplementary reinforced
elements (post and beam) and unreinforced masonry infill of bricks, clay tiles or concrete blocks with bricks
being most common and

(d) 7-16 storey buildings with R/C frame members with non-ductile detailing, reinforced concrete diagonal
bracing and unreinforced masonry infill of bricks, clay tiles or concrete blocks with bricks being most common.

It is significant to note that many structures in Mexico City have been retrofitted and reinforced mainly after
the 1985 Mexico earthquake with external steel systems (external bracing of ) (Fig. 6, 7). These systems offer
advantages such as the ability to accommodate openings and the minimal added weight of the structure.
Furthermore, the minimum disruption to the full operationality of the building is obtained. Two types of bracing
systems were observed: (a) the concentric bracing system and (b) eccentric bracing system.

The masonry buildings are composed of masonry load-bearing walls that consist of bricks, clay tiles or concrete
blocks. They constitute the majority of buildings in the earthquake affected Puebla and Morelos states.

The adobe structures were mainly observed in Puebla and Morelos states. Adobe (sun-dried brick) is the oldest
and most common building material known to man. It is a mixture of sand, sometimes gravel, clay, water, and
often straw or grass mixed together by hand, formed in wooden molds, and dried by the sun. The straw adds
strength and prevents cracking.

Rammed earth (pise) is damp or moist earth, with or without an additive. It is rammed (tamped) in place
between temporary moveable formworks. The best soils for rammed earth contain about 30% clay and 70%
sand. The use of horizontal courses of adobe bricks prevents total detachment of rammed walls due to vertical
cracks.
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Figure 5: (a) Reinforced-concrete buildings with non-ductile detailing with unreinforced infill walls comprising
bricks, clay tiles or concrete blocks with bricks being the most common material. (b) Pre-1985 high-rise
reinforced concrete buildings in Mexico City with unreinforced brick infill walls. (c) Modern high-rise
reinforced concrete buildings in Mexico City with unreinforced brick infill walls (from Lekkas et al. 2017).
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Figure 6: Typical methods for reinforcing masonry infill: diagonal cross-bracing frequently used in low-and
medium-rise constructions.

Foundations play an important role in the structural behavior of adobe buildings during earthquakes. Buildings
with larger and stronger foundations are less vulnerable to earthquakes. Foundations are usually made of stone
rubble with mud or lime mortar. To prevent water erosion, the first few courses of a wall above the foundations
(plinth) are constructed using stone rubble or fired brick and lime mortar. The height of plinth should be above
the flood water line or a minimum of 35 cm above ground level. After completing the plinth, masonry a damp
proof course should be installed.

Massive adobe structures in Mexico are in generally good condition because natural lime plasters that helped
the adobe materials breath had remained in use, rather than cement which traps moisture causing the adobe
to crumble.
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(b)

(c)

Figure 7: Reinforcement of buildings comprising external steel systems in Mexico City after the September 19,
1985 M 8.1 Michoacén earthquake. There are various types of bracing frames observed such as (a) diagonal
bracing, (b) x-bracing and (c) inverted v-bracing frames.
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Figure 8: Details of the foundations of the adobe buildings (up left) and details of adobe structures that
comprise the majority of buildings in Pueblas and Morelos states of Central Mexico.
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Figure 9: Mixed types of structures observed in Puebla and Morelos states and affected by the second
earthquake on September 19, 2017.

5. Building Damage Due To The September 2017 Earthquakes In Mexico City And Central Mexico

Several R/C buildings with exterior non-structural damage were observed in the Oaxaca and Chiapas states
induced by the first earthquake and in the Greater Mexico City area and Puebla and Morelos states induced by
the second earthquake (Figs. 10, 11). This damage comprised horizontal and subhorizontal cracks in the infill
walls mainly in Oaxaca and Chiapas states induced by the first earthquake and diagonal cracks in the Greater
Mexico City area caused by the second earthquake (Fig. 10, 11). Moreover, detachments of plaster pieces from
the infill walls, detachment of the infill walls from the surrounding R/C frame, and partial or total collapse of
infill walls as well as damage to window, parapets on balconies and ornamental molding along the roof line of
older buildings induced by both earthquakes (Fig. 10, 11). The generation of horizontal and subhorizontal cracks
is attributed to the prevalence of the vertical component of the earthquake ground motion, while diagonal
cracks are due to the prevalence of the horizontal one.

R/C buildings in Oaxaca and Chiapas states suffered very heavy structural damage from the first earthquake
(Fig. 12). The common characteristic of the inspected buildings was the decomposition of the concrete in the
columns of the ground floor due to crashing resulting in failure of columns and the subsequent tilting or the
vertical collapse within the plan of the ground floor, while the upper floors of the structures were left practically
intact. This damage is typical of an earthquake with prevalence of the vertical component of the earthquake
ground motion over the limited horizontal component (Carydis et al. 2018; Mavroulis et al. 2019). As regards
the impact on the building stock of Mexico City, there was no damage reported by the first earthquake. Only
some buildings were trembled forcing residents to evacuate.

R/C buildings in the Greater Mexico City area and in Puebla and Morelos States suffered structural damage from
the second earthquake ranging from light to very heavy. Immediately after the event, the Mexican government
reporting to public media indicated 9722 affected buildings with 1632 of them suffering total or partial collapse,
279 schools in need of repairs and 17 hospitals in poor condition. Based on the spatial distribution of the 38
totally collapsed buildings in the city (Mayoral et al. 2017; based on data from CICM, 2017), it is concluded that
they were concentrated in the western and southwestern part of the transition zone (zone Il, dominant site
period ~1 s) and in the lake zones (Illa and Illb, dominant site period ~2 s) (Fig. 13). In comparison with the
distribution of damage induced by the 1985 Mw 8.0 Michoacdan event, the majority of the collapses occurred in
the softest lake bed sediments in the zones Illb/Ilic (dominant site period ~2 s) (Booth et al. 1986; Butcher et
al. 1988; Iglesias et al. 1988; Iglesias 1989). Based on the detected distribution, it is concluded that site effects
must have played an important role in determining the damaged zones within the Mexico City from the
September 19, 2017 earthquake. Moreover, the total collapses induced by the second September 2018
earthquake were observed in buildings that appeared to have structural deficiencies including soft stories,
structural irregularities, and discontinuous or incomplete lateral load paths (Fig. 14).

The most common structural damage to the RC buildings in the Greater Mexico City area was mainly attributed
to differential settlement (Fig. 15) and the subsequent foundation movement and to building pounding (Fig.
16). Buildings affected from these phenomena were still standing after the earthquake. They either tilted due
to differential settlement (Fig. 15) or suffered heavy damage due to pounding (Fig. 16).

The adobe buildings suffered non-structural and structural damage by both September 2017 earthquakes. The
non-structural damage generally comprised detachment of plaster from and light cracking of the walls (Fig. 17).
In Oaxaca and Chiapas states affected by the first earthquake, the structural damage to the adobe and masonry
buildings comprised extended cracks in the load-bearing walls and partial or total collapse of the walls. The
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presence of horizontal or subhorizontal cracks in the majority of the observed structures, damage in the upper
part of the structures, the symmetrical distribution of damage in the upper corners of the structures as well as
the partial collapse with the still standing part left intact by the earthquake (Fig. 17) are damage indicative of
the prevalence of the vertical component of the earthquake ground motion over the horizontal one (Carydis et
al. 2018; Mavroulis et al. 2019). In Puebla and Morelos states affected by the second earthquake, similar
structural damage were also observed (Fig. 18).

Cuautla COMX

Figure 10: Non-structural damage in RC buildings in Mexico City (Ciudad de México: CDMX) and Cuautla
(Morelos State) (From Lekkas et al., 2017).

Figure 11: Non-structural damage to R/C and mixed type buildings in the affected area due to the September
19, 2017 M 7.1 Puebla-Morelos earthquake. Cracks in the infill walls and detachment of pieces of plaster from
the infill walls.
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Figure 13: Collapsed buildings as included in the CICM database as of October 24, 2017 overlaid with geo-
zones in Google Earth (Mayoral et al. 2017, based on data from CICM 2017).
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Figure 14: Very heavy structural damage (total collapse) of buildings in the Greater Mexico City area induced by
the second earthquake in September 2018.
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Figure 15: Tilting of buildings in Mexico City due to the September 19, 2017 earthquake and the related
differential displacement affecting the building foundation (from Lekkas et al. 2017). The structural components
of the building were generally undamaged.

Figure 16: Damage induced by pounding between closely spaced buildings due to the September 19, 2017
earthquake (from Lekkas et al. 2017).
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6. Conclusions

Based on the field survey conducted by the authors in the September 2017 earthquake-affected areas of Mexico
City and the Chiapas, Oaxaca, Puebla and Morelos states, the following conclusions can be drawn:

The September 7, 2017 M 8.2 Chiapas earthquake caused damage to the building stock of the Chiapas and
Oaxaca states in southern Mexico. All types of the aforementioned buildings suffered damage varying from
negligible to slight non-structural damage comprising hair-line cracks in very few walls and fall of small pieces
of plaster to heavy structural damage including total or near total collapse.

The September 19, 2017 M 7.1 Puebla-Morelos earthquake caused damage to the buildings of Mexico City and
the states of Puebla and Morelos in Central Mexico. 38 buildings collapsed in Mexico City, while hundreds of
others suffered considerable non-structural and structural damage forcing residents to evacuate.

Damage are attributed to the prevalence of the vertical component in Chiapas and Oaxaca states, the violent
and prolonged shaking due to extreme amplification of seismic waves, the duration of intense ground motion
within the Mexico basin, the differential settlement of the lake sediments under the earthquake loads, the
building pounding, the prevalence of the horizontal component of the earthquake ground motion especially in
Mexico City, the prevalence of the vertical component in the majority of the affected areas in Puebla and
Morelos states.

The damage induced by the second earthquake was extremely concentrated and focused in specific areas. The
damaged buildings were concrete frame structures with masonry infill, which is the dominant building type in
Mexico City and especially in these constructed prior to 1985, with mid-height and 4 to 8 stories. Many of them
were non-ductile structures and characterized by structural deficiencies and irregularities.

Figure 17: Non-structural and structural damage induced by the first earthquake on September 7, 2017 to the
adobe and masonry buildings in Oaxaca and Chiapas states (from Lekkas et al. 2017).
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Figure 18: Non-structural and structural damage induced by the second earthquake on September 19, 2017 to
the adobe and masonry buildings in Puebla and Morelos states (from Lekkas et al. 2017).
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Abstract

The purpose of this project is to investigate the relationship between socioeconomic status and resilience in the
face of risk, the prior knowledge and perceptions about natural disasters of vulnerable children and how they
can tackle a bad event, like a natural disaster. The researching question is how vulnerable children from various
socioeconomic background react in a risk situation, and what their perceptions about their impacts in their
resilience are. Taking into consideration their socioeconomic background, these children feel insecurity and
fear, due to the limited access to information and to their socioeconomic districts. The children learn about
natural disasters in a game-based and interactive context through multi- modal and psychoeducational
methods. The implementation of the project took place in the Daily Care Center “A hug for children” of the
Volunteer Organization “Keletron Love for Children” in Kastoria and lasted for 6 weeks. 15 students, aged 6- 12,
from vulnerable familiesparticipated in this project. Through 10 interventions the students learned about
natural disasters, how to tackle a risk situation through experimental games, they developed their problem-
solving skills and their citizenship awareness. Findings suggest that vulnerable children need intervention
programmes to enhance resilience, and learn to cope with risk conditions.

Key words: resilience, natural disasters, socioeconomic background, vulnerable children
1. Introduction

Resilience is a new upcoming term in psychology field, which becomes more and more popular and widespread,
raising the interest of researchers to investigate more the factors which affect people’s resilience. The
emergence of resilience has been a topic of interest and research from 90s (Masten, 1999). The aim of this study
is to investigate if vulnerable children are resilient enough to confront and overcome natural disasters, and if a
prevention psychoeducational program could develop student’s resilience.

There is a variety of meanings for the term “resilience”. Sometimes, it refers to the process of overcoming the
negative effects of risk exposure, coping successfully with traumatic experiences, and avoiding the negative
trajectories associated with risks (Fergus & Zimmerman, 2005), or otherwise, defined as "the process of,
capacity for, or outcome of successful adaptation despite challenging or threatening circumstances" (Masten,
Best & Garmezy, 1990, page 426). Other researchers define the term of resilience as “a dynamic process
encompassing positive adaptation within the context of significant adversity” (Luthar, Cicchetti & Becjer, 2000).
High exposure to adversity and risk circumstances and positive adaption of the negative effects, are the two
acquired conditions to define resilience as a process (Masten, Best & Garmezy, 1990). Fergus and Zimmerman
(2005) clarified that positive adjustment is a “resilience outcome”, and resilience is the process of getting over
the threat or risk.

Masten and Coastworth (1998) define resilience as “the manifested competence in a context of significant
challenges to adaption or development”, and there are two required judgments in order to identify resilience:
first, if the individual have experienced a risk situation with significant threats, and individual has been exposed
to a serious adversity, and second, the positive and quantitative adaption or development at the following
phase.

1.1 Models of resilience

According to Masten and Powell (2003) there are three models of resilience:
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-Compensatory model is a process in which promotive factors counteract exposure to risk through an opposite,
direct, and independent effect on outcomes (Model 1, Figure 1).

-Protective model: A process in which promotive factors moderate the negative effects of risks for predicting
negative outcomes. In this case, protective factors neutralize the negative impacts of risks or threats (Fergus &
Zimmerman, 2005), (Model 2, Figure 1).

-Challenge model: Operates as inoculation, with exposure to average levels of risk actually helping youths
overcome subsequent exposure. Risk and protective factors are taken into consideration in order to moderate
exposure (Model 5, Figure 1).

Fergus and Zimmerman (2005, p. 402) represents the three models and add other three, in an attempt to
explain the correlation between risk and negative outcome (Figure 1):

Model 1: Compensatory Model 2: Protective
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Figure 1: Models of resilience according to Fergus and Zimmerman (2005, p. 402).

Luthar et al (2000), as mentioned in Fergus and Zimmerman (2005, p. 402), refers to protective-stabilizing model
(Model 3, Figure 1), where the protective factor minimizes the risk or the threat, and protective-reactive model
(Model 4, Figure 1), where the protective factor is not present, but exists.

1.2 Risk factors
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Risk factors are these which have negative impacts and operate as threatened influencers (Waller, 2001).
According to many researches, poverty, traumatic events, community violence, low commitment to school and
poor parental supervision are important risk factors. A risk factor can be defined as “a characteristic at the
biological, psychological, family, community, or cultural level that precedes and is associated with a higher
likelihood of problem outcomes (O’Connell, Boat, & Warner, 2009). Children experiencing two risk factors were
four times as likely to develop emotional and behavioural disorders compared to children not exposed to any
risk factor or who were exposed to only one (Rutter, 1987).

1.3 Protective factors

Many researchers use the term “protective” in order to describe the ameliorative effects on individual resilience
(Luthar, Cicchetti, & Becker, 2000), which are external to child (Fleming, & Ledogar, 2008). According to Sadler
(2001) there are three protective resources, moderating the effects of adversities. Firstly, individual qualities as
self -esteem, problem - solving skills enhance resilience. Secondly, family also operate as a protective factor, if
the family members are supportive, and thirdly, the community and other social structures as schools also can
be preventable to adverse outcomes. Waller (2001, p 292) based one other researcher gather protective factors
in one table:

Table 1
PROTECTIVE FACTORS ACROSS ECOSYSTEMIC LEVELS
INDIVIDUAL FACTORS

FAMILY FACTORS EFFECTIVE Curricula/ learning/

counselling
Active, easy, outgoing Competent parents Focus on instilling self- esteem,
temperament personal  responsibility, goal
setting, clear communication,

problem- solving

Reflectiveness

Positive responsiveness to others
Appealing to adults

Sense of humour

High intelligence

Problem solving skills

Emotional regulation

Verbal / communication skills

Realistic  appraisal of the

environment

Self-efficacy

Model competent behaviour

-Provide access to knowledge
-Resilience

-Self efficacy

-Authoritative parenting style

-Interpersonal warmth

-Noncritical

-Value children’ S

accomplishments

-High but realistic expectations of
child

Educational attainment
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Collaboration between family &
school

Free lunches

Mentoring initiatives
Rites of passage programs
Sense of community

Community well- being, stability,
cohesiveness

Availability of prosocial role

models, norms, values

Supportive friends, neighbours

Employment opportunities

Opportunities for
meaningful
prosocial school, sports, religious,

belonging &
involvement in

community activities
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Self-worth
Hopefulness

Recognized talents

Trust on people as resources

Social skills

Competence in normative roles

Empathy

Self- confidence

Strong, positive ethnic identity

Faith/ religious affiliation

Religious participation

Educational aspirations / school

Reading to children
Involved in schools

Connections to other competent
adults

Family cohesion

Socioeconomic advantages

Religious faith/ affiliation/

participation
Marital harmony

Children have family/ household
duties

COMMYNITY FACTORS

Adequate resources for children
care, nutrition, health care

Good schools

Clear rules

Well- delineated community
CULTURE/ ETHNIC IDENTITY

Strong, positive ethnic identity

Resistance to oppression/ ethnic
activism

Identification traditional beliefs/
values

Participation in traditional

practices

Racial/ ethnic socialization

commitment

Sense of direction or purpose

Table 1: Protective Factors across Ecosystemic Levels according to Waller (2001, p. 292)
1.4 Resilience and children

Many researchers focused on “resilient children” and make efforts to identify those factors which differentiate
children. The resilient children often are described as “hardy”, “invulnerable” or “superkids” (The results show
that personal qualities as self- esteem and autonomy maybe reinforce children's’ resilience, but also external
factors are responsible for high resilience. According to Masten and Garmezy (1985) there are three factors
connected with the development of resilience: first, the personality of the children, second, family’s perspective

and third the aspects of their social environment.

Masten and Coatsworth (1998) gather the characteristics of resilient children and adolescents, which are
presenting in the following table 2.

According these findings, it is obvious that these three sources mentioned above are determinative for
children's resilience development. Children do not acquire from birth abilities and competencies in order to
confront a threat or a risk, but they develop these abilities through human development (Masten & Coatsworth,
1998).

2. The project “Play and learn about natural disasters”: an implementation of a resilience enhancement
psychoeducational program in vulnerable children”

The aim of this project is students to a) develop resilience b) develop cognitive skills and their knowledge about
natural disasters c) tackle a risk situation like a natural disaster. Many researchers showed that prior knowledge
about natural disasters is correlated with preparedness for natural disasters, minimize the damage and improve
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individual’ s resilience (Ozmen, 2006; Muttarak & Pothisiri, 2013; Cvetkovi¢, Dragicevi¢, Petrovi¢, Mijalkovic,
Jakovljevi¢ & Gaci¢, 2015).

Table 2
Characteristics of Resilient Children and Adolescents
Source Characteristic
Individual Good intellectual functioning
Appealing, sociable, easygoing disposition

Self-efficacy, self-confidence, high self-esteem

Talents

Faith
Family Close relationship to caring parent figure

Authoritative parenting: warmth, structure, high
expectations s

Socioeconomic advantages
Connections to extended supportive family network

Extra familial context Bonds to prosocial adults outside the family

Connections to prosocial organizations
Attending effective schools

Table 2: Characteristics of resilient children and adolescents

The implementation of this project took place in the Daily Care Center “A hug for Children” of the Volunteer
Organization “Keletron Love for Children”. Fifteen students aged 6 to 12 years old from vulnerable families
participated in this project, which lasted 6 weeks.

2.1 Students profile

Students belong on vulnerable children are generally described who are at higher risk of missing out on
schooling, living in households with less food security, suffer anxiety and depression. Specifically, in this
research 67% of parents are 36-45 years old and they completed only the primary. Also, 56% of parents have 2
children and 27% are single parents. The students in their free time spending time with their friends and they
have not any other interests.

2.2 Materials and Method

The materials of this project are articles, games, problem-solving activities, cooperative activities videos and
anti- stress activities. The project includes 11 thematic units: 6 units about Natural Disasters (Earthquakes,
Floods, Volcano Eruption, Landslides, Extreme Weather Conditions, Climate Change), 1 Unit about Problem
Solving Steps, 1 Unit about Social Skills and Feelings, 1 Unit about Positive and Non-Positive Thoughts, and 1
Unit which called “Learning to Relax”.

The project took place in a Task- based Context, as tasks are goal- directed activities (Van Den Branden, 2006).
According to Wills (1996) task- based learning follows the above framework:

Pre- task: Introduction to the topic
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At the Pre-task phase, students read an article about a natural disaster all over the world. According to Lintner
(2006), “Through the use of newspapers, magazines, and the Internet, students can seek first-person narratives
of a disaster’s effects from the different perspectives of survivors, aid workers, media representatives, and
government representatives. This activity is a powerful way to personalize human reactions to natural
disasters”. Studying current events in the classroom connecting students with the outside world could be very
beneficial for students. Students read about floods in Thailand, fires in Greece and other natural disasters which
took place all over the world.

2.3 Task Cycle:

The Task Cycle includes Worksheets, Experiments and Role play games. Three experiments about volcano
eruptions, tide and greenhouse effect took place in order to help students construct their knowledge about
these phenomena.

Worksheets with interactive and cooperative activities helped students to recycle their knowledge. These
cooperative activities end to role play games. Role play games aim to reinforce student’s knowledge,
understand the reaction of an average citizen, and develop civic responsibility.

2.4 Follow up phase:

The Follow up phase includes experiential games, in which students feel like a rabbit in a fire, a boy during a
flood, and other activities. Experiential learning is a powerful approach to promote students’ engagement in
the learning process and enhance their learning (Kolb & Kolb, 2005). Students construct their own table game
about natural disasters, their volcano and other constructions. Also, they take part in relaxing activities.

3. Evaluation of the Project
Both summative and formative processes were conducted to evaluate the project.

-A pre-test and post-test were used to evaluate students’ prior knowledge. The results showed that students
had limited knowledge about natural disasters, but after the implementation of the project, there is a significant
difference between right answers. Also, the students feel more prepared to confront a natural disaster and
their fear about natural disasters has been decreased.
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- Cognitive Emotion Regulation Questionnaire (CERQ)

This is a self-report questionnaire which is used to “measure cognitive strategies” that characterize the
individual’s style of responding to stressful events (Garnefski & Kraaij, 2006). According to CERQ Questionnaire,
the students after the project feel more ready to tackle an unpleasant situation, and to accept an unpleasant
situation. Also, students stated that they start thinking in a more positive way.

CERQ
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Figure 3: CERQ Analysis

The results showed significant difference between before and after the implementation of the project answers.
-Parents questionnaire

A questionnaire was constructed to collect information from parents. The 67% of the parents are age 36-45,
60% completed the elementary education and 56% of the parents has 2 children. About natural disasters, the
90% have not experience a natural disaster, the 56% of the parents believes that has enough knowledge about
natural disasters, as 40% that they can confront a natural disaster. The 40% of parents answered that has fear
about losing home, 90% feel fear for losing someone of family, while the 60% feel fear for losing everything and
live on the road. Although, the 40% of the parents hope to have help from community. The results also showed
that the most parents have not spoken yet with their children about natural disasters.

-Satisfaction Questionnaire

A satisfaction questionnaire was constructed in order to evaluate the students’ satisfaction. The results showed
that:

-95% of the students support that this project is very useful for everyone
-85% of the students stated that they want to be continued

-100% of the students want to participate in similar projects

-93% of the students stated that they earned new knowledge

These results showed that projects motivate students to learn, and a game- based context motivates them to
participate.

4. Conclusion

According to researchers’ findings, there are many ways to develop children resilience, in order to be prepared
to confront risks and adverse circumstances. Individual qualities as self- regulation skills (Buckner, Mezzacappa
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& Beardslee, 2003), self- esteem (Byrne & Mazanov, 2001), Life Skills (Greenberg, Weissberg, O'brien, Zins,
Fredericks, Resnik & Elias, 2003), could be effective in resilience development. Children from vulnerable families
need to develop these skills in order to be more resilient and prepared to address a challenge in future, like a
natural disaster. Also, interventions to parents and children would be useful, as parental factors are critical, and
in this way, they would be both more prepared to be exposed in a risk situation (Fergus & Zimmerman, 2005).
Also, it is very important to develop students’ knowledge about natural disasters. In this way, students feel
more secure and also they feel the need to learn more and more (Cvetkovi¢, Dragicevi¢, Petrovié, Mijalkovic,
Jakovljevié¢ & Gaci¢, 2015).

Nevertheless, given the limited number of the target population and the restricted context of conducting this
project, the results cannot be regarded conclusive. New research with school interventions, parent training
programmes and enriched intervention should take place, in order to have conclusive results.
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Abstract

Landslides pose important danger to residential areas and to infrastructures that are located very close to
unstable slopes. Landslides can provoke lifeline’s performance malfunction, injuries or fatalities and may
diminish accessibility to critical facilities. They can be triggered by natural phenomena (earthquakes, changes
in water table, rapid snowfalls or rainfalls) or by human activities.

The prediction of the exact time, location or magnitude of landslide is not feasible because of the complex
synergy of geologic, geomorphology, tectonic, hydrologic conditions and soil formations. The occurrence of
slope failures in the area of Vitsi nearby Drosopigi village (20km from Florina —Greece) mainly in the form of
rockfalls and debris flow, as result of its mountainous terrain with the heavy snowy winters and high rain
precipitation and low seismicity in the previous years, lead to further investigations. A probabilistic seismic
hazard analyses was implemented taking into account three seismic scenarios with different earthquake
recurrence period (50, 100, 475years). Peak Ground Acceleration (PGA) was estimated according to Ambrasey’s
et al (1996) attenuation relation. Rain precipitations and terrain inclination were necessary input to classify the
landslide’s susceptibility of the area according to Mora & Vahrson (1994) methodology for the case of 100y
earthquake return period. Furthermore, landslide’s hazard was estimated using HAZUS methodology for static
and seismic conditions for the 3 seismic scenarios for different soil moisture conditions (“dry” and “wet”).
Concluding, this study provides Civil Protection Services of the Municipality of Eastern Macedonia (Greek) with
empirical first-level identification of the areas in Florinas — Kastorias roadline with “high landslide’s risk” via GIS
maps.

Key words:

Seismic Hazard, Florina, Landslides, HAZUS, Mora & Vahrson methodology, Roadline Risk.

1 Introduction

Landslide hazard zonation became a very valuable tool for disaster mitigation and preparedness as slope
instability problems impose important threats in modern societies and promote serious socioeconomic issues.
Areview of landslide hazard zonation was given by Varnes (1984), emphasizing the importance of local geologic,
geomorphic, hydrologic and climatic conditions. Einstein (1988) developed a determination procedure
consisting of five different levels: state-of-nature mapping, danger mapping, hazard mapping, risk assessment
and landslide management.

Moreover, landslide susceptibility has been studied on national or regional scale for Cuba (Castellanos Abella
and Van Westen 2007), Pakistan (Peduzzi 2010), Serbia (Marjanovic et al. 2011) and Turkey (Nefeslioglu et al.
2011).

Nevertheless, there are limited models applicable to large areas in regional scale that give reliable results. Mora

& Vahnson (1994) developed a simple grid unit-based expert system in order to determine landslide hazards

where accurate quantitative field data is scarce. Its inputs are simple morphodynamic (geomorphic) indicators

such as the intrinsic landslide susceptibility (SUSC), determined from the combination of a slope factor (Sr =

relative relief), a lithology factor (Sl) and a factor representing the relative soil humidity conditions (Sh) and the

triggering factor (TRIG), determined from the combination of Ts = seismic and Tp = precipitation (rainfall)
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intensities. For each factor, an index of influence is determined by a reference value through a specific weight.
By multiplying and summing these indexes through equations, a relative hazard level (H) is determined. Spatial
distribution of these factors and indicators can be mapped via Geographical Information Systems (GIS). The
results can allow the identification of the most susceptible and problematic area, leading to appropriate
decisions p.g as to where detailed geotechnical field and laboratory studies should be made.

Moreover, HAZUS methodology (NIBS, 2004), estimates landslide susceptibility for static and for seismic
conditions using three geologic group, six slope angles, two different groundwater condition and different
seismic scenarios. Spatial distribution of the results can be also mapped via Geographical Information Systems
(GIS)

2 Study area

The area under investigation is located in the North-West end of Greece especially in the area of Florina (Fig.
1). It is a mountainous area, about 360km?, with heavy snowy winters and high rain precipitation in spring and
autumn.
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The district of Florina belongs to the Pelagoniki Geotectonic zone of Greece. Pelagoniki zone consists mainly of
crystalline schistoid (slate, gneisses, amphibolite) semi metamorphic (volcanic rocks), carbonic (limestone,
marbles), ophiolite and sedimentary rocks (Fig. 2a). Florina region consists of Gneisses (cover the north part of
the district) along with Granites (small appearances), quaternary sedimentary rocks (follow the trail formed by
streams and tributaries) and volcanic-sedimentary rocks (sitting alongside Gneisses and Granites)- Fig.2b.
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Fig. 2(a) Geotectonic zones of Greece (http://www.orykta.gr/geologia-oryktologia/geologia-elladas), (b)
Geological formation of district Florina (A. Rassios, 2004)
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The combination of the structurally adverse discontinuities in the weathered front of gneiss, the rugged
topography with steep slopes with gradient varied from 40°- 60°, are responsible for slope instability problems.

2.1 Hydrological conditions

The total annual value of rainfalls for Florina region (Period 1961- 2000) according to National Meteorological
data (EMY) is between 500-700mm and the rainfall intensity ranges between 51-58mm/day (January — May),
with peak hourly rainfall 83,7mm and 102,0mm (24h) in winter months. Table 1, shows the average rainfall and
total days of rain for a period of 10years for the Florina region (Period 1996-2016).

Table 1 Average rainfall and total days of rain (Florina)- (EMY data)

Octob Nov

Months Sept
Average
precipitations

(monthly)mm

Total days of rain

Moreover, heavy snowfalls have been observed in the area in the period 2013- 2015 with a minimum
temperature falling down to -15°C (winter 2014-2015) and -24°C (winter 2019).

2.2 Seismicity

Six large shallow earthquakes (Kozani, 1695, M=6.5, VII; Kastoria, 1709, M=6.0, VII; Kastoria, 1812, M=6.5, VIII;
Siatista, 1894, M=6.1, VII; Albania, 1960, M=6.5, VIII+; Grevena, 1995, M=6.6, IX+) occurred in the broader
territory in the last 300 years. Moreover, 6 active faults were recognized in the study area (Fig. 4). The biggest
active fault of Florina district is the one that passes through the villages Nimfaio, Xino Nero and ends in the lake
Petron. This fault’s angle direction varies among 40° and 50° and has a general direction in NE-SW while the dip
of the fault is 60° in SE. It crosses transversely the tectonic basin of Florina-Ptolemaida (D. Mountrakis, 1983).
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Fig. 4 Active faults near the study area

2.3 Seismic Hazard

Probabilistic Seismic Hazard Analysis (PSHA) for the area is conducted using CRISIS 2007, a code developed by
Professor M. Ordaz and co-workers of the “Institudo de Ingenieria de la U.N.A.M”, Mexico City. The present
application is performed based on area’s sources zone modelling. The seismotectonic zonation of Greece and
consequently of the region is developed by Papazachos & Papazachou, 1997; Papaioannou & Papazachos, 2000
and Vamvakaris et al, 2016. One seismic zone affects mainly the study area (N-E11). The seismic parameters of
that zone are derived from data of previous earthquakes after completeness analysis (Papaioannou &
Papazachos, 2000; Vamvakaris et al, 2016). Poisson earthquake model and Ambrassey’s (1996) attenuation

126



SafeKozani 2018 - 5th International Conference on Civil Protection & New Technology - Proceedings

relations are used for the evaluation of PGA (gal). Soil is characterized according to Ambrasey’s (1996)
classification.

The obtained results in terms of PGA for the first two scenarios (50, 100 years) fluctuated among 0.12g and
0.16g for the first scenario and 0.20g and 0.30g for the second, quite close with the values suggested by Greek
Aseismic Code (0.16g for 50 years earthquake return period and for rock sites). The results of the third scenario
(475 years) fluctuate among 0.50g to 1.50g (Fig.5).
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Fig. 5 Spatial distribution of PGA (ArcMap 10.2). Method: Probabilistic. Attenuation relations: Ambrassey,
1996, Earthquake return period: (a) 50 years, (b) 100 years, (c) 475 years

Moreover, according to Greek Aseismic Code and seismotectonic zonation of Greece, the area is located in Zone
I, with maximum value of PGA, 0.16g.

3 Landslide Hazard Assessment

In the area under consideration a number of slope failures had occurred over the last decades along the
roadline. In August 2015, three landslides (L1, L2, L3) were observed mainly in the form of rockfalls and debris
flow that destroyed part of the road that connect Drosopigi village to the top of Vitsi Mountain (Fig.6).
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Fig. 6 General view of Vitsi landslides (L1, L2, L3)- Ambas et al, 2016

Because of the heavy winters, the high rain precipitation, the rugged topography the existing soil formation and
the limited time and personnel of Civil Protection Services of the Municipality of Eastern Macedonia (Greek), a
landslide hazard assessment is needed in order to minimize the area needed immediate investigation. Two
methodologies were applied in the area: Mora & Vahrson and HAZUS.

3.1 Mora & Vahrson methodology
The relative hazard level (H) was determined according to Eq. 1.
H = SUSC * TRIG = (Sr * SI * Sh) * (Ts + Tp) (Eg. 1)

The study area was divided in subareas of 1km?. For the evaluation of Slope Factor (Sr), the relative relief (the
difference of highest and lowest altitude) was calculated for each km?2. The categorization of the area was based
on Table 2 and the results were depicted in Fig. 7.

T Table 2 Relative Relief per
Legend Km? via Slope Factor (Sr)
Slope Factor Sr
rmmmrm Ep, Od. Florina-Kastoria Relative Relief ,
(Hmax-Hmin) /KM’ Classification Slope Factor
- 0 (Very Low) ()
B 1 (Low) (R)

(

|:| 2 (Moderate)
0-75 Very Low 0
[ 3 (Medium) 76-175 Low 1
[ 4 High) 176-300 Moderate 2
I 5 (very High) 301-500 Medium 3
: - 501-800 High 4
Drosoplg{ ¢ : 0 1 2 4 6 8 >800 Very High 5

Fig. 7 Slope Factor (Sr) map

For the evaluation of Lithology Factor (Sl), the categorization of the region (Fig. 8) was based on the geological
formations of the area and Table 3.
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Fig. 8 Lithology Factor (SI)

Landslides in residual-regolithic soils on steep slopes are very commonly triggered by short but very intense
rainfalls. Deeper-seated landslides are often triggered, reactivated and/or accelerated by less intense, but
longer and volumetric precipitations. In order to cover both types of phenomena, a factor was developed based
on the determination of one hundred-year maximum values of daily (24 hr) precipitations, analyzing time series
often 10 years or more. The soil humidity (Sh) of the area is equal to 1 (Very Low) based on the qualification of
the accumulated values of precipitation indices (0-4) derived from National Meteorological data of monthly
rainfall precipitation collected for the last 10 years in the area of Florina according to the data provided in Table
1.
The seismic intensity factor Ts is determined by analyzing landslides triggered by earthquakes to establish the
influence of seismic intensities within similar lithologic, climatic and geomorphic conditions. Different sets of
intensities (Modified Mercalli Scale) of approximately comparable seismic sources were correlated with
parameters of landslide density and surface destruction. The obtain PGA derived from the probabilistic
assessment of seismic hazard (100 years earthquake return period) was converted to seismic intensity according
to Koliopoulos et al. (1998) relation:
InPGA=0.55*Imm+1.30*R? (Eq. 2)

Tp index was evaluated equal to 2 (Low) taking into account the maximum monthly precipitation in the area of
Florina for the last 10 years (Rainfall n<10 yr, average) and Mora & Vahrson classification (51-90mm).
According to the results obtained by combining all the above mentioned parameters through Equation 1, the
value of the landslide hazard indicator Hl is classified and evaluated for each particular site as shown in Table 4.
The total landslide hazard (HI) ranges between Very Low (1) and Medium (4), with a clear predominance of
medium landslide hazard in the northern part of Florina and near Drosopigi village (Fig. 9).

T T T T e o e e e e e Table 4 Classification of the

Legend landslide hazard Hl
wwwes Ep. Od, Florina-Kastoria
Hazard Indicator (HI) .
- : Value of HI Class of HI Classification
i - E
B - <6 1 Negligible
B 7t032 2 Low
wa 0y e R . . 33to0 162 3 Moderate
- — 163 to 512 4 Medium
513 to 1250 5 High
aparrN — >1250 6 Very high
1l (el

Fig. 9 Classes of HI per km2

3.2 HAZUS methodology

A characterization of landslide susceptibility is performed for static and for seismic conditions based on HAZUS
methodology (NIBS, 2004). The site condition is identified using three geologic groups (A: Strongly Cemented
Rocks, B: Weakly Cemented Rocks and Soils, C: Argillaceous Rocks) and six slope angles (0-10°, 10°-15°, 15°-20°,
20°-30°, 30%-40°, >40 degree). Groundwater condition is divided into dry (groundwater below level of the
sliding) or wet condition (groundwater level at ground surface) according to Table 5.
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Table 5 landslide susceptibility (Static conditions)

Geologic Group | Slope Angle, degrees
[ 010 [ 1015 ] 15-:0;1 20-30 | 30-40 [ =40
(2 DEY (groundwater below level of siding)
| Strongly Cemented Rocks (crystalline rocks
A | and well-cemented sandstone, None | None I I v VI
| € =300 pst. ¢ = 35%)
| Weakly Cemented Rocks and Soils (sandy
B | soils and poorly cemented sandstone, None m n v V1 v
| ¢'=0,¢ = 359)
Argillaceous Rocks (shales, clayey soil,
C | existing landslides, poorly compacted fills, ¢’ v Vi VI ™ ™ o
=0 &' = 20°)
() WET (groundwater level at ground surface)
Strongly Cemented Rocks (crystalline rocks
A | and well-cemented sandstone, ¢ =300 psf, ¢ | None o VI Vo VI | VIl
=359
Weakly Cemented Rocks and Soils {sandy
B | soils and poorly cemented sandstone, ¢ =0, ¢ Vv VI X o X .4
=35
Argillaceous Rocks (shales. clayey soil.
€ | existing landslides, poorly compacted fills, ¢ | VI 35,4 X X X X
=0 ¢ =209)

Landslide Susceptibility in static condition is estimated according to geologic group, slope angle and
groundwater level (ground water below of level of sliding). It is categorized from scale | (less susceptible) to X
(most susceptible). About 2km of the road need immediate attention for the case of dry conditions and 4km for
wet conditions (Fig. 10) after the application of the methodology.
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Fig. 10 FEMA Static conditions, Dry (left) and Wet (right) conditions

For seismic conditions, Critical Acceleration (Ac)- the horizontal seismic force that causes a landslide when
Safety Factor is equal to 1 (Fig. 11) and Peak Ground Acceleration (PGA)- as derived from seismic hazard- are
needed for the identification of the most susceptible areas according to Ac/PGA index.
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Fig. 11 Critical acceleration (Ac) according to landslide Susceptibility category for dry (left) and wet conditions
(right)

The area was classified, in term of landslide susceptibility, subjectively into six categories (Table 6) according to
Ac/PGA index for the case of seismic scenarios and for dry and wet conditions. The 1t and the 2" priority areas
for in-situ investigations and laboratory tests were identified via GIS for wet conditions as illustrated in Fig.12.
The area of about 2km that is in the northern part of the roadline is 1t priority area for pre-earthquake action
in terms of slope stabilization for the seismic scenarios of 50, 100 and 475years.

Table 6 Landslide susceptibility categorization according to Ac/PGA Index

Very High <0.3
|High 0.3-0.6
Moderate 0.6-0.8
Low 0.8-1.0
Very Low 1.0-3.0
None >3.0
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Fig. 12 Landslide risk factor (Ac/PGA index) for shallow landslides (wet conditions) for seismic scenarios of (a)
50y earthquake return period, (b) 100y earthquake return period, (c) 475y earthquake return period

4 Conclusions

Possible areas with landslides were identified based on Mora & Vahrson (1994) methodology for the case of
100y earthquake return period. According to Mora & Vahrson methodology, the most “susceptible for
landslides” parts of the road are in North-West and South-West of the study area (Moderate- Medium
Susceptibility), where the inclination increases. About 10km of the slopes of the road line have “Medium”
probability to slide. Moreover, the results are in good agreement with RECALL Project (Real Landslide’s
Locations).

HAZUS methodology was also used for landslides identification for static/ seismic and for dry/ wet conditions.
“Very High” Landslide’s Potential (Dry/ Wet) were estimated in specific parts of the roadline for static
conditions.

Three seismic scenarios of 50, 100 and 475 earthquake return period for different soil moisture conditions
(“dry” and “wet”) were assumed. “Very High” Landslide’s Potential was estimated for the area (expect of 2km
with “High”) for the seismic scenario of 50y earthquake’s return period and for dry conditions. All slopes beside
the roadline had “Very High” landslide’s potential for the Scenario of 100y & 475y earthquake’s return period.

Concluding, this study provides Civil Protection Services of the Municipality of Eastern Macedonia (Greek) with
empirical first-level identification of the areas in Florinas — Kastorias roadline with “high landslide’s risk” via GIS
maps.
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Abstract

Boilover is a violent ejection of certain liquid hydrocarbons due to their prolonged burning during a storage tank
fire. It happens due to vaporization of the water sub-layer which usually resides at the base of crude oil storage
tanks, resulting in the ejection of hot fuel from the tank, an enormous fire enlargement, a fireball formation,
and an extensive ground fire. It is a very dangerous accidental phenomenon, which can lead to serious injuries
especially to emergency responders. The boilover can occur several hours after the fuel in a storage tank caught
fire. The delayed boilover occurrence is a rather unknown but important parameter for the emergency response
operators. The purpose of this paper is the analysis of the circumstances in the creation of this catastrophic
effect and the estimate of the time the effect needs to be manifested, using a simple mathematical model for
a number of crude oil tanks of different geometries. The importance of this assignment lies in the empirical
calculation of the time needed for the manifestation of the effect in Greek refinery tanks. The information of
the imminent manifestation of this effect is a crucial factor for the firefighting operation since the first concern
in such a kind of technological accident is the safety of the emergency responders, as well as the protection of
the surrounding tanks and the timely evacuation of the neighboring area to minimize the casualties. Using a
semi-empirical model, we are trying quantitatively to make a timing prediction of the final phase of the boilover
phenomenon.

Key Words: Boilover, hot zone layer, tank fire, crude oil, firefighting.

1. Introduction

The industrial development of our modern civilization is directly linked to the increased consumption of energy
sources such as liquid fuels. This has resulted in the subsequent development of refineries and liquid
hydrocarbon storage units across the globe in order to meet the market demand for fossil fuels. This
development, however, has been accompanied by a series of industrial accidents, which in many cases have
had severe consequences, both on human losses and on environmental and economic impacts in the regions
where they have occurred (Broeckmann & Schecker 1995).

One of the most serious accidents that may occur in a fuel storage tank is the Boilover phenomenon. It is a
violent ejection of certain liquid hydrocarbons due to their prolonged burning during a storage tank fire. It
happens due to vaporization of the water sub-layer that commonly resides at the base of a storage tank,
resulting in the ejection of hot fuel from the tank, enormous fire enlargement, formation of a fireball and an
extensive ground fire. Boilover is a very dangerous accidental phenomenon, which can lead to serious injuries,
especially to emergency responders. It is also noteworthy that the boilover can occur several hours after the
fuel in a storage tank caught fire (Buang 2014). This delay in the boilover occurrence is, nevertheless, a rather
unknown parameter in emergency response operations (Garo et al 1999).
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To this purpose, a number of theoretical models have been developed in recent years by fire engineering
specialists, in order to predict the time until this phenomenon occurs as accurately as possible (Casal 2008,
Mirdrikvand et al 2016). The purpose of this study is to analyze the estimated time of boilover occurrence in 12
crude oil storage tanks located in Greece, each of different characteristics, in order for the firefighters and
emergency responders to have a first estimate of the expected time of its development, and also to suggest
some practical measures to be applied when operating in such incidents.

2. The Boilover phenomenon

In liquid-fuel processing and storage facilities, one of the most significant risks is the occurrence of the boilover
phenomenon. It usually occurs in floating-roof tanks containing crude (unprocessed) oil and it requires the
following basic conditions to be created (HM Fire Service Inspectorate 2000):

o A full surface fire development in an open tank containing asufficiently thick fuel with high viscosity.
Some of the most commonly known possible causes of fire in liquid fuel storage tanks include: lightning
strikes, static electricity, malfunctioning of tank operations, earthquakes, sabotage, and thermal
radiation from a nearby fire (domino effect)

e The presence of water or oil emulsion at the bottom of the tank. Water being heavier than crude oil is
concentrated in the lower part of the container. The presence of water can be attributed to a variety
of causes, such as its penetration due to faults in the tank shell and the introduction of rainwater
through gaps in the roof float, or even from the moisture contained in the fuel (e.g. crude oil) itself.

e  (Creation of a thermal wave in the burning liquid descending to the bottom of the tank. This isothermal
wave is also commonly referred in the international literature as “hot zone” (Koseki et al 1991).

Boilover occurs when the residues from surface burning become denser than the unburned oil and sink below
the surface to form a hot layer, which progresses downward much faster than the regression of the liquid
surface. Oils subject to boilover consist of components having a wide range of boiling points, including both
light ends and viscous residues (NFPA 2000), such as crude oil, for example. The temperature of the oil in the
heat wave may reach up to almost 300 °C (Jarosz 2011), which is well above the boiling temperature of the
water.

As the fire continues in a fuel tank, the thickness of the hot zone layer constantly increases (Koseki et al 1991).
When the hot wave reaches the bottom of the tank, it causes the violent boiling of the water. The water turns
into steam and rapidly expands, since its volume increases by approximately 1500 to1700 times (Liu & Kim
1999, LASTFIRE 2016). Vapor increases the pressure inside the tank and its violent upward expansion causes a
rapid explosion and ejection of burning fuel out of it and dispersion of the fragments of the tank to a large
distance (Figure 1).The phenomenon takes place after several hours of uncontrolled burning of the surface of
the reservoir and depends mainly on the depth of the tank's crude oil, the height of the water at the bottom
and the downward velocity (rate of descent) of the hot zone layer to the bottom of the fuel tank on fire. The
rate of the hot wave expansion per hour, depending on the fuel type varies between 76 mm/hr and 889 mm/hr
for heavy oils and light or heavy crude oil fuels (HM Fire Service Inspectorate 2000).
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Figure 1. Phases of the evolution of the Boilover phenomenon (LASTFIRE 2016)
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Even though it is not common in all fire incidents, some indications for the upcoming violent manifestation of
the boilover phenomenon after a fire development on the surface of a fuel tank are: the increasing size of flames
followed by white colour due to steam escape, the sound of burning-like frying sound with wheezing becoming
ever more intense (because of the escaping vapour) and the ejection of large droplets of the burning fuel out
of the tank (LASTFIRE 2016).

3. The effects of Boilover

The boilover is considered as one of the most devastating fire incidents which can occur in a liquid hydrocarbon
storage facility. The consequences of this phenomenon may include human casualties and injuries in the field
of events, environmental impacts, as well as economic impacts, both for the oil company managing the storage
and the safe supply of petroleum products and for the local community as well (Jarosz 2011). These effects are
categorized as follows:

3.1 Human Casualties

Human casualties due to the boilover are common, due to the severity of the phenomenon may include serious
injuries, burns and deaths of responders to the fire incident, which could also be the case for the personnel
working in the oil storage facility (Mirdrikvand et al 2016). Some reported fire incidents leading to the onset of
the boilover phenomenon, including human losses and injuries are the accident of 1968 in Sheel's Pernis
Refinery at Netherlands (2 dead-85 injured), the boilover in the Czechowice-Dziedzice Refinery, Poland in 1971
(33 dead —including several firefighters), and the boilover incident in Tacoa, Venezuela on 19th December 1982
with over people 150 dead, and approximately 500 injured (Buang 2014).

3.2 Environmental impacts

The environmental impacts due to the boilover phenomenon are mainly attributed to the effects from the
fireball development and the oil spilled outside the storage tank area. The hydrocarbon-rich fuel vapoursare
ejected from the fuel tank to the atmosphere, where they mix with air and ignite, creating a "mushroom"
shaped flame, commonly referred as “fireball”, reaching a significant height above the tank (Figure 2).According
to literature data, its height may reach up to 10 tank diameters at a vertical distance (LASTFIRE 2016). A typical
is one the previously mentioned accidents in Tacoa, Venezuela with a fireball reaching about 330 m in vertical
height after a boilover in a tank with a diameter of 55m. It was also reported that the erupted burning oil from
the tank was thrown approximately 8 tank diameters downwind, causing severe fatalities and environmental
damages (Buang 2014). The environmental effects include the increase of toxic pollutants in the surrounding
area, due to the emissions from the dense cloud of black smoke following a fireball, and the oil spread to the
area, including harmful substances (D’Amico 2015).

3.3 Financial Consequences

The financial effects due to boilover are related to the cost of repairing plant and equipment damage, tanks
construction costs, fuel loss, and most important to the refinery shut down for a long time, including a long-
term stopping of fuel transportation to the final processing stage. In addition, the extinguishing operation is
long and costly, since it includes the use of fire extinguishing foam in fairly large quantities. Moreover, in case
of a Domino Effect equally devastating effects are expected since the explosion may spread the fire to the
adjacent tanks of the oil refinery. The development of such a phenomenon due to boilover occurrence includes
a horizontally spread thermal radiation and thrown tank fragments which can affect neighbouring fuel storage
and processing facilities around 5 times the diameter of the tank, up to nearly 400m (Casal 2008). Its actual
distance covered depends on the amount of fuel involved, the amount of the vaporised liquid and the wind
direction (Khan & Abbasi 2001). The potential damage to several tanks in such a case is significant, while the
full extinguishing process is expected to be completed after several days.
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Figure 2. Boilover in a crude oil tank at the Milford Haven accident (Courtesy of Mid and West Wales Fire and
Rescue Service from Dyfed County Fire Brigade, 1983)

4. Mathematical model to predict Boilover phenomenon occurrence time

In this study we attempt to approximately calculate the boilover occurrence time in a number of selected crude
oil storage tanks in a Greek oil refinery. We use a number of semi-empirical models applied to the tank and fuel
dataprovided fromthe refinery, aiming to determine the hot zone layer descent speed and to approximately
estimate the time required for the instantaneous ejection of the burning fuel.The occurrence time required for
the Boilover phenomenon in a tank (£p,) is calculated according to the following equation (Broeckmann &
Schecker 1995):

Zs
tpo = Tn
Where:

Zs: the initial depth of fuel in the tank (m)

vy, the speed of the base of the hot zone layer(m/sec)

The speed of the base of the hot zone layer(v},;) can be calculated from the following equation(Broeckmann
& Schecker 1995):
M,

_ 1+
Vhz AT “Po (nL nV)

Where:

M,: The fuel’s initial molecular weight (kg/mol)

Ar: The fuel surface area (m?)

po: The fuel’s initial density (kg/m?3)

n,, : The fuel’s molar flux of fraction remaining in the liquid phase (mol/sec)

137



SafeKozani 2018 - 5th International Conference on Civil Protection & New Technology - Proceedings

ny : The fuel’s molar flux of vaporized fraction (mol/sec)

In total, a number of 12 oil storage tanks is included in our analysis. It is assumed that 87% of each tank’s volume
is filled with Arabian Light Crude Oil 850. All necessary data, including the tank diameters, the fuel’s initial height
and the fuel surface area in each tank were used from local providers and are presented in Table 1 and Table 2
below. For the purposes of our analysis, two reference case scenarios were included: one for a 0.5m water layer
and one for a 0.7m water layer at the bottom of each tank.

With the use of the data provided from a domestic oil refinery, and their application to the aforementioned
equations for the calculation of the speed of the hot zone layer’s base (vp,)and the time required for the
occurrence of the boilover phenomenon(t,,) in each oil storage tank, the relevant results for each of the 12
tanks are provided in the Table 1 and Table 2 of the next chapter.

5. Results

The results from the mathematical modelling of the boilover occurrence time for each of the 12 Arabian Light
Crude Qil 850 tanks used in this study are presented in the Tables 1 & 2 below, for a 0.5m water layer in the
tank bottom and a 0.7m water layer in the tank bottom reference case scenario in each Table, respectively.

Table 1. Calculation results of the expected boilover occurrence time (0.5m water layer on tank bottom)

Tank No Tank Tank Height Zf(m) Ar(m?) too (hrs)
Diameter (m) (m)
1 52.5 14.45 12.07 2163.6 18.01
2 54.5 17.15 14.42 2332.8 21.52
3 56 19.1 16.11 2463 24.05
4 42.7 20.5 17.33 1432 25.87
5 76.5 18.9 15.94 4596.3 23.79
6 83.3 215 18.2 5449.7 27.17
7 88.5 19.5 16.46 6151.4 24.57
8 58.8 15.5 12.98 2715.4 19.38
9 73 16 13.42 4185.3 20.02
10 77.22 17.08 14.35 4683.2 21.43
11 80 10 8.2 5026.5 12.23
12 68.7 16.2 13.59 3706.8 20.28

Table 2. Calculation results of the expected boilover occurrence time (0.7m water layer on tank bottom)

Tank No Tank Tank Height Zs(m) A7 (m?) tvo(hrs)
Diameter (m) (m)

1 52.5 14.45 11.87 2163.6 17.71

2 54.5 17.15 14.22 2332.8 21.22

3 56 19.1 15.91 2463 23.75

4 42.7 20.5 17.13 1432 25.57
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5 76.5 18.9 15.74 4596.3 23.49
6 83.3 21.5 18 5449.7 26.87
7 88.5 19.5 16.26 6151.4 24.27
8 58.8 15.5 12.78 27154 19.08
9 73 16 13.22 4185.3 19.73
10 77.22 17.08 14.15 4683.2 21.13
11 80 10 8 5026.5 11.94
12 68.7 16.2 13.39 3706.8 19.99

The average value estimated for the speed of the base of the hot zone layer was approximately 0.67 m/hr. This
value is considered as acceptable, since it confronts to the relevant data provided by the literature: typical
values of the heatwave downward travel rate range between 0.38 m/hr to 1.27 m/hr (HM Fire Service
Inspectorate 2000).

5.1 Boilover occurrence time

In all cases studied here, the boilover occurrence (fuel eruption) takes place after several hours since the
formation of the hot zone layer in the tank, after a full surface fire development.Depending on the dimensions
of each of the 12 tanks studied in this paper, the time required for the boilover onset in the burning tank varies
between approximately 12 hrs until 27 hrs the latest, as shown on Tables 1 & 2 above. For example, in tanks
No.4, 6 and 7 it is expected that boilover can be developed after a continuous fire lasting over 24 hours (1 day).It
is clear from the results, though, that the tank dimensions and the water layer at the bottom of each tank are
important factors to consider, since there is a noticeable link between the height of the water layer to the time
to boilover, also considering the tank height. For example, the tank No.11 with a 80m diameter, a 10m height,
and a water layer height of 0.5 m is expected to develop a boilover after 12.23 hrs. By comparing it with the
tank No.6, which has an approximately similar diameter (83.3 m) but almost a double height (21.5 m), where a
boilover is expected to occur at 27.17 hrs for the same 0.5m water layer at its bottom, we can conclude that
the smaller the dimensions of the tanks, and especially their height, the faster the oil burst in the tank is
expected.

As for the impact of water height at the bottom of the tank, by comparing the boilover occurrence times
between Table 1 and Table 2, we can observe that their values (in hrs) for tanks with a 0.7 m water layer are
always shorter than those for a water height of 0.5 m. This is because the higher the water level accumulated
at the bottom of the tank, the faster the descending thermal layer will encounter the concentration of water,
causing its violent vaporization and, consequently, the occurrence of the boilover phenomenon.

Finally, an equally important factor for the estimated time of occurrence of the phenomenon, even though not
mentioned in detail on Tables 1 & 2 is also the fuel capacity within the tank. In tank No.7, for example, for a
water height of 0.5 m at the bottom and assuming that it stores fuel at 87% of its capacity, the potential eruption
time is 24.57 hours. Assuming that the same tank is full at 70% of its capacity, this time drops dramatically down
to 19.5 hours. Therefore, a lower fuel level within the tank causes a quicker boilover occurrence time.

5.2 Results comparison with actual boilover events

By comparing our study’s results with real data from accidents occurred worldwide, we can evaluate the validity
of the estimated data presented here in this study. In the accident of the Czechowice-Dziedzice Refinery in
Poland (1971) the boilover occurred after two = 17.5hrs in a 33m diameter and 14.7m height tank, filled with
crude oil at 79.59% of its capacity. In the Amoco Refinery accident in United Kingdom at 1983, the boilover
occurred after tho = 15h 25minin a 78m diameter and 20m height tank, filled with light crude oil at 50% of its
capacity (Buang 2014). Even though in our study we assume tanks filled at 87% of their capacity, if we take the
tank No.5 of Table 1 as a reference case example close to the accident of Amoco Refinery, and we assume it is
half-full (50%), the estimated time to boilover in this case is approximately 14h 35 min.
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Looking at the comparison between our research results and actual events, we can see that despite the
assumptions we have used in our study’s mathematical model, the deviation of the estimated times is
acceptable. The deviations observed are below 1h, which is considered as an acceptable difference between
our study’s estimated time and the time to boilover from real reference cases. It must be also noted that the
actual time depends on many parameters including the exact dimensions of the tanks, the exact height of the
water at the bottom, the temperatures developed within the tank, the fire extinguishing activity either with the
external cooling of the tanks or by attempting to foam the burning fuel on the surface of the tank, as well as
with the properties of the various types of crude oil contained in tanks.

5.3 Model Importance

By applying the simple empirical boilover time prediction model used in our study in real case crude oil tank fire
scenarios, can be proven a very useful tool that can be used during a fire-extinguishing operation by emergency
responders, provided that all necessary data are available. As long as we know the fuel type and its chemical
properties, the dimensions of its storage tank, the volume occupied by the fuel inside the tank, and the amount
of water accumulated at the bottom, the expected time to boilover in case of a fully developed surface fire in
the fuel tank can be estimated with relatively good precision. The use of modern technology (sensors, level
gauges) and thermal imaging cameras, can also be proven to be a valuable tool in order to determine the hot
layer zone inside the tank, perhaps also the amount of water accumulated at its bottom, so that data can be
readjusted to the actual conditions occurring in the event. This dynamic process of continuous data evaluation
will lead to providing safer information to firefighting supervisors in order to follow the appropriate fire-fighting
tactics for the estimated time of event.

6. Firefighting Guidelines

The measures taken are divided into two main categories: the measures taken to prevent the boilover
phenomenon from occurring in a tank and the countermeasures referred to firefighting actions applied during
a fire development in a liquid fuel storage tank, in order to prevent or delay the boilover occurrence so as to
ensure the safety of the emergency responders and the personnel of the oil refinery as well. Some of the most
commonly applied prevention measures include the use of fire detection systems in crude oil tanks, and the
building of dikes around the storage tanks’ perimeter to prevent the contents of the tank from spreading in
case of overflow or collapse.

In case, however, that a fire has been developed in the surface of a crude oil storage tank, leading to a full
surface fire which can lead to the formation of a hot zone layer moving downwards to the tank bottom, it is
rarely the case that such a fire will be fully extinguished, according to statistical fire incident data (Lonnermark&
Persson 2004). A continuous cooling of the tank walls may, however, delay the time of the hot zone formation
and its downward velocity, resulting to a considerable delay in the time until the boilover phenomenon occurs
(Figure 3).

Figure 3. External cooling of tank walls in a full surface fire (HM Fire Service Inspectorate 2000)
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The use of fire extinguishing systems in oil tank fires includes the use of permanent or semi-permanent
applications. Typical examples of permanent fire extinguishing systems include foam generators being installed
on the tank ceiling for foam spraying and also a permanent piping system installed at the external side of the
tank for cooling its walls. Semi-permanent fire extinguishing systems may include special purpose fire engines
and the use of canon foam type applications. It may also include the presence of firefighters at the top of the
tank roof, in case of a small-scale fire not yet fully developed at the entire tank surface. It should also be
emphasized that the foam spray on the roof of the tank should be wisely taken care, since if excessive amounts
of foam are applied, it might result into the sinking the floating roof, thus increasing the fire magnitude. Foam
spraying should take place to the walls of the tank and have a smooth flow to the burning surface. Shots directly
on the burning surface will feed the fire are considered as ineffective. Suitable firefighting foam in such incidents
is the AFFF foam type (NFPA 11).In cases of fuel tank fires in oil refineries, it is also of utmost importance for
thermal radiation zones to be characterized around the fire incident zone, for the protection of personnel and
civilians located nearby.

Figure 4. Thermal radiation zones in refinery fuel storage tanks in case of fire (D’Amico 2015)

Finally, it is of utmost importance that communication between all involved response teams in case of a fuel
tank fire is extremely useful for the success of operation. It is strongly suggested that if fire extinguishment has
not been achieved by the time the hot zone layer has reached a point about 1.5m above a known water bottom
level in the tank, all personnel must be immediately withdrawn from the area (HM Fire Service Inspectorate
2000).Since a heatwave inside a crude oil storage tank is not visible from the outside, the use of thermal imaging
cameras can help firefighters and emergency responders to visualize the inside of a tank under fire, so as for
them to get a better estimation of the heatwave development before it reaches the tank’s bottom.

7. Conclusions

Early beginning of the firefighting operation on-site is of great importance for boilover prevention, since in case
a pool fire occurs, and its elimination is not possible, the risk of boilover occurrence in crude oil storage tanks
increases significally, especially if a heatwave moving downwards is developed. According to the modelled data
from the study’s calculations, the average expected time to boilover occurrence in tanks filled with Arabian
Light Crude Oil 850 for some typical tanks used in the Hellenic refineries ranges between 12hrs and 27 hrs,
depending on the size of tank, the level of water layer at its bottom, and the tank’s fuel capacity (initial height
of fuel in tank at the time when the fire occurs). Tanks in oil refineries with lower initial fuel heights and larger
levels of water layers accumulated at their bottoms are very likely to result in significally shorter boilover
occurrence time intervals, in contrast to tanks with higher levels of fuel storage and lower levels of water
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accumulation at their bottom. The results of this study can be considered as a useful starting point for evaluating
the occurrence time of the boilover phenomenon in fuel storage tanks of the refineries located in Greece, with
respect to the same type of fuel used here, so as for the emergency responders to get a better understanding
of the time available for operating in case of a fire incident, and also the dangers imposed for the personnel
operating on-site.
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Abstract

This work introduces the development of a low cost monitoring network focusing on earthquake-induced
landslides. Emergency Planning and Disaster Risk Management are emerging fields of research in the field of
Informatics (Subedi, 2010), (Asimakopoulou & Bessis, 2010). The decision making process for all stakeholders
involved in emergency situations is demanding and requires a huge amount of information and complex
methodology in order to make informed decisions (Bouafia & Khairi, 2017). A significant interest of international
research is therefore to deeply comprehend potential landslide triggering factors, through deployment of early
warning systems. Landslides can be characterized as multifactorial events, as instability and slide are usually
due to a combination of factors (morphological, geological, geotechnical, environmental and human
interventions), (Guzzetti, Carrara, Cardinali, & Reichenbach, 1999), (Wen-Fei, Chein-Lee, Shih-Tsu, & Shing-Tsz,
2009), (Binaghi, Luzi, Madella, Pergalani, & Binaghi, 1998). Apart from that, however, much emphasis should be
placed on the instrumental monitoring of active landslides as well as on slopes which show increased landslide
susceptibility occurrence (Intrieri, Gigli, Mugnai, Fanti, & Casagli, 2012). It is obvious that there is a necessity to
obtain a more complete understanding of the landslide triggering, so as to mitigate risk before failure, as well
as after its occurrence, with management stages. The abovementioned can be accomplished by developing a
landslide monitoring network for upcoming events, using MEMS (Microelectromechanical System) acceleration
sensors. Main advantage of our proposed methodology is the extremely low cost and consequently the
possibility of using a large number of units so that, through efficient algorithm development locate precisely
the landslide initiation time.

Keywords: earthquake induced landslides, early warning system, low cost sensors and disaster risk
management

1. Introduction

This study is at initial implementation stage and constitutes a first approach to valid and on time detection of
an upcoming landslide, using a low cost system. To begin with, landslides are usually the combined result of
acting factors like morphological, geological, environmental as well as human interventions (Guzzetti, Carrara,
Cardinali, & Reichenbach, 1999), (Wen-Fei, Chein-Lee, Shih-Tsu, & Shing-Tsz, 2009), (Binaghi, Luzi, Madella,
Pergalani, & Binaghi, 1998). These geomorphological features serve to detect landslide susceptible areas.
Typical areas for landslides occurrence are highly weathered steep slopes that are under the status of erosion
and disintegration, water gathering areas, as well as fault zones with intense tectonic deformation (Highland &
Bobrowsky, 2008), (CERRI, REIS, GRAMANI2,, GIORDANO, & ZAINE, 2017). Undoubtedly, slope inclination
constitutes an important parameter when examining its stability. In particular, any slopes’ inclination increase
provoked by seismic loading, changes the internal geometry of the material and may cause failure
(Donnarumma, Revellino, Grelle, & Guadagno, 2011), (Chen, Liu, Chang, & Zhou, 2016). When an earthquake
on loose or low-cohesion consisted slopes occurs, a reduction between grains interlocking has been observed,
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leading to failure (Donnarumma, Revellino, Grelle, & Guadagno, 2011), (Chen, Liu, Chang, & Zhou, 2016) .
Therefore, the need arises to obtain a more complete aspect of landslide generation so as to mitigate or even
avoid the risk before it occurs and after its management event. This can be done by developing a monitoring
network for possible triggering alarm, acting as an early warning system.

2. Materials and Methods

The system we developed is capable of recording at sampling frequencies up to 125 Hz. Each unit is made up of
an Arduino Uno R3 single board microcontroller, as well as a low-cost triaxial MEMS accelerometer sensor GY-
61 (cheap version of ADXL335 analog sensor). Rechargeable batteries (3400mAh 3.7V) were used while data
are being stored in an SD memory card. Each file contains the acceleration values on the 3 axes (X, Y, Z) along
with the timestamp (DD/MM/YYYY HH:mm:ss), giving accurate determination of failure’s time initiation. In
figure 1 a typical daily record is shown, having in the first 2 columns date and time and then follows the voltage
values per axis in mV. With a simple conversion (ADXL335 Datasheet, p. 3), we can get acceleration values per
g. Current sampling frequency allows continuous recording up to 4 days, with record size up to 85MB per daily
file.

AceELL

(Rl — | e - .

Figure 1. Two daily .csv files on the left and a typical record’s interface on the right.

Before installing our system on the field, a landslide simulation in a small scale laboratory model, deemed
necessary. For this reason, two similar devices were used. The first unit one was steady (in order not to move)
while the other was left to slide onto a lean wooden surface for about 7 cm. Figure 2 shows an aspect of our
experimental model (side view), where we can see the two wooden surfaces and a simple laboratory-
constructed tool (car jack) to gradually increase the sliding level. On the right are two identical (devices) to look
at. By increasing the slope, the left one slid for 7 cm while the other on the right was stuck, in order to remain
stable and not to move at all. There is a necessity to point out that the slope was initially increased at the desired
inclination level and then the recording had started. Keeping in mind that the inclined plane was constant, both
devices had the same reference level in the vertical axis Z. The shifting we analyzed was along Y-axis, so results
retrieved from experiments with composite sliding, along Y and X axis (as shown in figure 2 — lower part), were
considered invalid.

3. Results and Discussion
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As far as signal processing is concerned, figure 3 illustrates acceleration over time comparison for sensor 1 (on
the left) against sensor 2 (on the right) for the three conducted experiments. In the upper part of figure 3, which
concerns the first experiment (EXP1 - 9 degrees inclination), we see on the left g values over time for sensor 1
(which did not move) while on the right we see g values over time for sensor 2 that slipped over the inclination
level for 7 centimeters along Y axis. A clear outbreak point is observed with almost three times larger amplitude
than the peak noise level. With a further examination of this part of the signal, as shown in figure 4 (upper part),
we can precisely determine the slip start and end time, so we calculate both the slip duration and additionally
the speed. In second experiment (EXP2 - 12 degrees inclination), a significant increase in accelerations
amplitude can be found, approximately three times larger, compared to the peak noise level. Similar to EXP1,
we calculate slip start and end time, so we specify both the duration and speed, as shown in figure 4 (middle
part). In the last experiment (EXP3 - 18 degrees inclination) the presence of an outbreak point which has about
four times larger amplitude than the peak noise level is shown. By determining exactly sliding’s start and end
time, we calculate the total duration and the sliding speed, as shown in figure 4 (lower part).

In table 1 the results of the performed experiments analysis can be found. Comparing aggregated these first
results, a clear increase in outbreaks acceleration values against noise acceleration values is observed. To be
more specific, peak noise level was 0.01667 g and was the same for all experiments. As for the outbreaks
acceleration values, for experiments one and two was 0.04667 g and for experiment three was 0.06333 g.
Dividing the outbreak value to peak noise level value determines the outbreak-to-noise ratio equal to 2.79964
for first and second experiment, as well as 3.79904 for the third one. Analyzing better this part in all signals (as
shown in fig.5), we define with great accuracy the slide’s start and end times for all the experiments. Subtracting
the end time from the start time, the slide’s duration arises, to 0.6 seconds for experiment 1, to 0.592 seconds
for experiment two and to 0.552 seconds for experiment three. In addition, sliding length was the same in all
experiments - 7 centimeters. Dividing now displacement with slide duration allows velocities to be calculated.
Slide duration was 0.6 seconds for EXP1, 0.592 seconds for EXP2, and 0.552 seconds for EXP3. Therefore, for
EXP1 which had 9° inclination, velocity was 11.67 cm/sec, for EXP2 (inclination 12°) was 11.82 cm/sec and finally
for EXP3 (inclination 18°) was 12.68 cm/sec. We notice that with a constant sliding length of 7 centimeters,
increasing the inclination level increases also the velocity and reduces the sliding duration, as expected.

Regarding precursor activity, further investigation of signal’s domain between the outbreak point (slide start
time) and the point where we had acceleration values larger than the peak noise level, clearly specified the
precursor activity duration to 4ms for EXP1 and 8ms for EXP2 and EXP3. To be more specific, figure 5 (upper
part: EXP1, middle part: EXP2, lower part: EXP3) depicts the precise determination of precursor’s activity initial
(to) and final (t1) points. Final points (t1) correspond and signify with slide initiation time.
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sensor 1 sensor 2

Pre - failure view

Post - failure view

Figure 2. Pre-failure (upper part) against post-failure (middle part ) view for sensor 1 and sensor 2. Invalid
experiments view (lower part), showing composite sliding.
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Inclination (degrees) 9° 12° 18°
Outbreak (Y-axis) 0.04667 g 0.04667 g 0.06333g
Peak noise level (Y-axis) 0.01667 g 0.01667 g 0.01667 g
Outbreak-to-noise ratio 2.79964 2.79964 3.79904
Slide start time (from second) 21.536 7.736 68.728
Slide end time (to second) 22.136 8.328 69.28
Slide duration (in seconds) 0.6 0.592 0.552
Prec”rs(?rroﬁt;‘gz;;?rt time 21.532 7.728 68.720
Prec”rs‘;{oaiic":: d?"d time 21.536 7.736 68.728
Prec“rsg; as‘:cig:zg”ram” 0.004 0.008 0.008
Displacement on Y-axis (cm) 7 7 7
Velocity (cm/sec) 11.67 11.82 12.68

Table 1. Comparative representation for sensor 1 results within Experiments 1,2 and 3
4. Conclusion

To summarize, a low cost system capable of recording and detecting early landslide activity phenomena is
presented. Its innovation is based on the very low development cost along with low-cost acceleration sensors
usage (MEMS accelerometers). It is not only easily expandable, since velocity sensors (geophones) can
simultaneously be used, but also extremely portable with the ability to be easily transferred on the field. Based
on an Arduino Uno R3 single board microcontroller is universally open - source code in usage and development.
Moreover, it has great configuration features like adding one or additional rain sensors, for later defining the
failure causes of the monitored slope, such as an intense and prolonged rainfall. Its advantages can be further
improved by adding a lead component battery charged by a solar panel results for almost complete energy
autonomy, while usage of a better low cost acceleration sensor aims at even more accurate measurements.

Through a small-scale landslide simulation, our main goal was initially to detect the failure beginning time and
then to determine the precise time region between the point with acceleration values larger than the peak
noise level and the failure start time. Even though these laboratory findings are extremely short in a region of
time (4ms and 8ms), under real field conditions, the precursor activity time region is expected to be more
intense and last longer, given that several factors have acted, so as the slope to reach marginal equilibrium
state and consequently slide. For all the above mentioned, our next research stage will be the installation of the
proposed system on the field, landslide susceptible slopes in a bid to test better the system’s behavior under
uncontrolled conditions. Since we were able to record and detect this small motion initiated by such an
undetectable triggering factor in the laboratory, recording this activity’s imprint in real conditions is also
anticipated. Besides, slope failure is an event that rarely occurs abruptly, and usually in stages. One cannot
ignore that an alarm even a few seconds before failure (e.g. on a beach during summer season) can be proved
beneficial, saving many lives and giving us the opportunity to use this in its final form as an early warning system.
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Abstract

In Greece, the protection of the listed buildings is a very complex issue, subjecting to a complicated legislative
framework, to frequently overlapping competences between different Public Services, to unclear ownership
and to the facing of significant financial cost needed for their restoration and reinforcement.

Alisted building may not be demolished, extended or altered without special permission from the local planning
authority. Detailed technical and economic studies will specify the necessary interventions to be carried out.
Several factors must be considered, such as the clarification of the legislative framework, the analysis of the
static entity, the identification of the pathology of the building, its usage, the economic incentives and funding,
etc.

This research analyzes three listed buildings in Thessaloniki. These were selected in order to satisfy a number
of criteria: they are supervised by different Public Services, they are built with different construction techniques
and materials, and their pathology was treated differently. According to the data collected, the cost for the
restoration of the structural framework of these buildings range from 216.30€/m?to 973.20€/m?.

The study presented herein provides only a first-level techno-economic analysis of the interventions in listed
buildings in Thessaloniki, as the results are limited to only three. Although, it is essential to estimate the cost of
their preservation in order to enhance public safety and “uplift” cultural heritage. Future research based on the
analysis of interventions carried out on a larger number of listed buildings will provide more accurate
restoration costs.

Key words:

Greek architectural heritage, Legislative Framework for Listed buildings, Reinforcement Techniques for listed
buildings, Intervention Cost, Thessaloniki.

1. Introduction

Monument and listed buildings have been considered as part of our cultural heritage. Their reservation and
reconstruction is one of the most significant challenges of cultural heritage and must be major objective of town
and country planning (Mpouras, 1983).

Constitution of Greece 1975, as revised by the VIII™ Revisionary Parliament of May 2008 recognize the
importance of cultural heritage as refers directly to the Protection of Natural and Cultural Environment (Article
24). Moreover, an extended and strict national legal framework was adopted through Presidential Decrees,
Laws (e.g. 3028/2002), Ministerial Orders (e.g. 153/A325/02 “...credit facilities for listed buildings...”) and Joint
Ministerial Decisions (e.g. 27124/07 “Finance of urban environment improvement projects”) to develop, exploit
and utilize Listed buildings. Moreover, the appropriate legislative framework provides information about
Building Permits and approvals, about accepted construction works in historic built environment etc. Apart from
its national legislation, Greece, alongside with other nations, Greece has co-signed several International
Conventions (e.g Venice Charter, 1964, Granada Convention, 1985, UNESCO Paris Convention, 2003) and EU
Directives (e.g European Council Directive 2014/52/EU, Recommendation 880 (1979) of the Parliamentary
Assembly of the Council of Europe) that have been ratified by the Hellenic Parliament, as well.
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Nevertheless, the regulatory environment for the listed buildings in Greece is quite intricate. The authority for
listing and management of listed buildings is granted to two ministries: the Ministry of Culture and Sports and
the Ministry of Environment and Energy. The structure of each Ministry defines and establishes the Services
and Advisory Bodies that are responsible for the conservation of the architectural heritage. A building can be
declared as listed by either one of the above mentioned Ministries or by both the Ministries. Moreover, each
Ministry has its own database for listed buildings according to its regulations (Fig.1) and follows different
procedures to approve or deny the requests for carrying out any work on the listed buildings they supervise
(Fig. 2a, 2b).

Central Administration
(Government)

]
! }

Hellenic Ministry Hellenic Ministry
of Culture and r— 0T ENVironment
Sports and Energy
Allocation of Completencesand Powers
General 1 1
Directorate for the
Restoration, Competent Competent Competent
Mitcaiineand Administration Administration Administration
Tachnical works Institute for all Institute for the Institute for the
the Regions of Regions of Regions of
the Hellenic Macedonia— Northern and
Republicexcept Thrace: Southern
for the Regions Ministry of Aegean:
Fervcent mbdem of Macedonia- Interior and Secretariat
Montimerttsand Thrace and Administrative General for the
Tenkaem W oF North - South Reconstruction, Aegean and
entalMacedonla Aegean: General Island Policy of
Architectural Secretariat the Ministry of
Directorate, Macedonia- Maritime
Department of Thrace, Affairs, Islands
Traditional Department of and Fisheries
Settlements Environment
Database: Database:
Enduring List of Listed Buildings Archive of Traditional Settlements
www.listedmonuments.culture.gr and Listed Buildings
Wy, estia.mineny.gr

Fig.1 Authorities engaged in listed buildings in Greece.

It should be mentioned that if a building is characterized as listed by both Ministries, then both procedures must
be followed. Nevertheless, the procedure under the Ministry of Culture and Sports proceeds of any other
approval authority and the provisions of the Law 3028/2002 of the same Ministry prevail over any other
legislation (Dousi, Kampouri, 2012).
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Fig.2 (a) Procedure for the approval of interventions on a listed building under the supervision of the:(a)
General Secretariat of Macedonia-Thrace (Ministry of Environment and Energy), (b)Ministry of Culture,
Service of Modern Monuments and Technical Works of Central Macedonia

This research presented herein analyzes three listed buildings in Thessaloniki and provides a first-level techno-
economic analysis of the interventions. Table 1 illustrates the legislation framework relevant to listing buildings
in Thessaloniki (Greece).

Table 1.Legislation relevant to listing building in Greece — focus on Thessaloniki.

Law 3028/2002 Protection of the antiquities and of the architectural

Hellenic Ministry heritage.
of Culture Presidential Decree 104/2014 | Organization and structure of the Hellenic Ministry of
and Sports Culture and Sports. Departments supervising

listed buildings.

Ministerial Order 19/6/1983 | Statutory criteria resulting to listing certain buildings
in the commercial centre of Thessaloniki (Agiou
Mina and Edessis streets) as works of art
(equivalent to Grade | category in UK).

Law 1337/1983 Implementation Act, Capital Transactions in Land and
Money, Urban Fabric Expropriations, and similar
provisions.

Law 358/1986 Transferring competences and powers of acting to

public services of the (former) Ministry of
Macedonia and Thrace.

Law 2508/1997 Town Planning and  Environmental  Council.
(Jurisdiction, Organization Chart, etc.)
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Hellenic Ministry | Law 4067/2012 New Building Regulations. (Last prior: Law 1577/1985,
of Law 2831/2000).
Environment
Law 4495/2017 Regularization of arbitrary building. (Last prior: Law
And Energy 3843/2010, Law 4014/2011, Law 4178/2013).
Presidential Decree Presidential Decree for the Upper City of Thessaloniki
— criteria, listing, rulings and regulation for
12/3/197
/3/1979 reconstructions and building.
Presidential Characterization of certain buildings in Thessaloniki as
Decree2/11/1983 listed.
Presidential Reconstruction of demolished listed buildings.
Decreel5/4/1988
Presidential Decree | Encoding of basic urban legislation.
27/7/1999

Ministerial Order 5650/1994 | Declaration of 87 buildings in the “Ladadika” area as
listed.

Ministerial Order 3428/2016 | Declaration of 199 buildings in Thessaloniki as listed.

Three listed buildings in Thessaloniki were studied and analyzed concerning the interventions for the
reinforcement of their structural framework. These buildings were selected as a representative sample as they
are governed by different administrative authorities, have different structural frameworks, and are examples
of different reinforcement techniques. This diversity of characteristics allows a better technical and economic
approach of the rehabilitation cost of the listed buildings. Nevertheless, future research based on the analysis
of interventions carried out on a larger number of listed buildings in Thessaloniki will provide more accurate
restoration costs.

Except of the complicated legislative framework, the identification of the pathology of a listed building is a very
complicated issue that includes several uncertainties such as the identification of its structure system, of the
code/ practice/materials used, combined with its poor maintenance, atmospheric pollutants etc (Spanos et al,
2002). Different types of interventions are needed for the restoration of listed buildings, the avoidance of the
reappearance of damages in the future or their strengthening due to their usage. Several techniques are used
for their preservation (e.g. deep grouting, reconstruction of masonry, grouts application at cracks or stitching,
construction of lintels) and/or fortheir reinforcement (e.g. soil reinforcement, slab brackets, underpinning,
beams/bars and chainages, reinforced coating, jackets, tieback anchors etc.) (Atmatzidis & Athanasopoulos,
2006; Dimosthenous, 2009; Dritsos, 2005; Milltiadou-Fezans, 2016; Tsonos, 2006).

The final decisions of interventions must satisfy several requirements and standards (Parthenopoulou et al,
2009) In the case of a private property the cost of the interventions and the amortization of the investment are
of paramount significance, whereas, in the case of a public property, this is of lesser relevance.

The most important factors affecting the planning of the conservation, restoration or reinforcement except of
civil engineers’ experience (Kakavas, 2013), are the economical funding (Republic of Cyprus, Ministry of Finance,
2008), the span of life of the interventions, the flexibility in allowing alternative uses and facilities in the
building,the cost of the works, the time required for their completion, the capital gains anticipated after the
interventions on the building (as a direct result from its condition, location, size, permitted uses, etc.), the
economic viability of the investment (amortization period), the low maintenance cost in the future, the
estimated life span of the materials, and of the building in general after the interventions, the satisfaction of
the installation of well-defined objectives of uses of the building in light of a multifunctional character, the
obligation or desire for reversibility of the interventions (which requires the implementation of very costly
techniques), the possible constrains or limitations to the materials or techniques may exist, the legislative
framework and Public Services limitations.
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After the decision for the restoration of a listed building has been taken, the procedure of the interventions for
its structural reinforcement methodically follows distinct steps and phases until the completion of works. The
interventions for the treatment of the pathology of listed buildings are based on techniques consisting of works
and materials aiming to satisfy multiple targets (e.g. reinforcement and reuse).

As a result of the above, most developers still regard re-use of listed buildings to be an unfavorable venture
when compared to other types of development; hence, vacancy and dereliction of listed buildings.

2. Analysis and study of three listed buildings in Thessaloniki.
The three selected buildings (Fig. 3) are:

e A multi-story building at 1 Rempelou Street, dating from 1929, with reinforced concrete frame
construction, today used as a hotel.

e A two-story residential building at 24 Kleious Street at the Upper City, dating since 1870, with wood
supporting framework for brick masonry and

e Atwo-story building at 5 Edessis Street, Upper Ladadika, dating from 1870, with a composite structure,
today housing multi-purpose facilities.

24 kieious Street, Upper City o aw .“.
= ‘
a A ANO POLI
ANO MOAH
RDARIS
PAAPHE

5 Edassis Street, Upper Ladadika

&
Qﬁ,,,@

Maodiano Market Q
LADADIKA Apopa Mobidve
AAAAATKA

Google

Telloglou House

Fig. 3 The location of the three buildings

It must be stressed that the estimated cost of the three buildings refers only to interventions for the
reinforcement of the structural frameworks of the buildings and does not take into account other costs of
interventions for restoring architectural or morphological characteristics, interior adjustments, re-decoration
and, in general, any other intervention that does not affect directly the structural elements of the buildings.

2.1 Building at 1 Rempelou Street.

Figure 4 summarizes the most important characteristics of the building resulting from the study and analysis,
focusing on the interventions on its structural system.The total cost refers only to the interventions for the
reconstruction and reinforcement works — not for the addition of the two floors.

The calculation is based on measurements on the “as built” drafts and on the unit rates referred at the Official
Journal of the Hellenic Republic 320* / 30-12-2011.
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Address |
Land Plot |

Competent
Administrative

Authorﬂ:}( |
Typology |

Construction

Building Permit |
Original Use

Surface Built

Structure .
Cost |

1978 Earthquake

Pathof'og',f '

Building Permits '

forinterventions

TooE"s and .

methods of
interventions

InterventionsCost |

Intervention Cost
per m?

Currentuse

1 Rempelou 5t & Har, Vamvaka, Thessaloniki, Greece.
Plot 5, Block 4? Sector 5 of Burnt Zone, Surface: 164.49m>
Hellenic Ministry of Environment and Energy,
General Secretariat of Macedonia-Thrace (1988).
Hellenic Ministry of Culture and Sparts {1954).
Multistory Urban Building (Initially: Underground, Ground and two floors)
1929

595/22-04-1929
Commereial {(Underground and Ground Ie\rels} & Residential {Floors).
Original bmiding 590.92m°>.
After the addition of two floors at 2001, the current total surface of the building is 855.35m?
Reinforced concrete frame.
716,784 Drachmae (Value of 1529} _
Inspection Report: “Yellow"- Sporadlc disclosure of steelrelnforcement concrete carbonation
at basement level.
Local failures due to fatlgue (material aging and poor maintenance} Limited load- bearmg
capacity. Absence of seismic design.
Low static equilibrium. Inadequatestructuralsafety.

1447/2001 Permit for ”Reconstructlon, Reinforcement and Addition of two flc-c-rs and
26/2015 Permit for “Change of use” from the City Planning Services of Municipality of
Thessaloniki.

Concretlng new foundation floor [”Radler Generai"} Perimeter concrete wall at basement.
Reinforcement of existing pillars (Emaco, steel frames) and beams (Gunite). Addition of steel
pillars and beams, new concrete walls, new steel frames. Reinforcement of concrete floor
slabs.

Total calculated cost : 185,000.00€
Total calculated cost __ 18500000£

g55.25m=

=216.30%/ .

Surface of building where inerventions were carried m.:r m-=

Hotel {“Caravan Bed-and-Breakfast™).

Fig. 4 Summarized report of the most important information of the building at 1 Rempelou Street.

2.2 Building at 24 Kleious Street, Upper City of Thessaloniki.

The most important information on this building is summarized at Figure 5. The total cost for the reconstruction
and reinforcement works was calculated with data from the “as built” drafts of the Revision of the Permit
(2016), using the unit rates referred at the Official Journal of the Hellenic Republic 320A / 30-12-2011.
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A.d-d-l-'ess
Land Plot |

Competent
Administrative

Authority |
Typology |
Construction |

Building Permit

Original Use |
Surf_al:e _Built |

Structure

Cost |
1978 Earthquake

Pathology .

B-u.il-ﬂi.ng F‘ermi-ts -

for interventions

Toolsand |

methods of

interventions, |
ntlons C&st__

Inter

Interventmn Cost
__perm
Currentuse

2

Late ‘60s

24 Kleious St., Upper City of Thessaloniki.
Block 43, Surface: 153. Z'Bm"
Hellenic Ministry of Environment and Energy, General Secretarlat of Macedonia-Thrace, listed
building Category | {1999).

Decree of Upper City Thessaloniki —Sector Il )
Detached House (Semi-underground, Ground floor, Upper ﬂoor]
1870
(e sl Bl e Pes i e e gl
Residential
lBE 62‘-’1‘1
Foundatlcm - per|meter walls af baszement: Stuﬂe Masonrv
Superstructure: Brick Masonry — wood supporting framework.
Wood supporting framewark for floors.

Supported timber frame roof. Tiles roofing.
tThere are no records of the cost of the orlgmal Eonstructmn]

Inspection Report: "Severe cracks at courtyard masonry. Mo subsidence or deviations from the
ver‘hcal plane were rEEordEd There is no. need for urdermg the evacuation ofﬂf‘le house
Lcu:al fa||ures due tD fat|g|..|e l:matenal aging and poor mamtenance] L:}w quahiv materlals

Limited load-bearing capacity. Shearing forces. Absence of seismic design. Stress forces. Cracks

and deviations from verticality due to forces from later additions to the building.
~ Low static equilibrium. Inadequate structural safety.

55,!’2013 Permit for “The Demaolition of non-designated additions”, 96!2013 Permlt fur
“Reconstruction and Reinforcement”, Revised in 2016, the Municipality of Thessaloniki, City
Planning Services.

Removal -Jf all add|tlon5 to ihe Drlglnal construction. Gunite and grouts at stone masonry. Usage
of steel beams and wooden frames for strengthening. Reinforcement of wooden frame of brick
masonry. Restoration of verticality. Replacement of deteriorating bricks. New coatings.
Total calculated cost: 181,620.00€

T lated cost _ LEL.6Z0.00E
otei calculated cos - _9?321%{
186.62m2

surface of building

Residential

Fig. 5 Summarized information on the building at 24 Kleious Street.

2.3 Building at 5 Edessis Street.

The most important information on the interventions on the structural framework of the building is summarized
at Figure 6. The calculation of the cost of these interventions is based on quantities resulting from the “as built”
drafts and the unit rates referred at the Official Journal of the Hellenic Republic 320* / 30-12-2011.

158



SafeKozani 2018 - 5th International Conference on Civil Protection & New Technology - Proceedings

Address 5 Edessis St LJpper La-daﬂ]ca ﬂﬁsab‘n'l.lu ‘Greets.
Land Piot | Surface: 390.37m"
Compstent | Hellenic Mmlsh"gr of Culture and Sports.
Administrative | 1963 Designated as “work of art”, alongside with other buildings of the commercial center of
J!n.rﬂ'u-n-rrl'g.I Thessaloniki
Ty’pﬂb’? [ Two-story building [“Gr;:u-ljnd and Uppsr floors)
Constroction | © iEEE

EU|I|:||n= P‘Drl'fll‘t.:

[Thereare no :I"EIIIFI:L‘. for arry E|Lu||:||ng Permrtf

-;:lrtglnal (-] ngmai'ly inn — Later maﬂ uEEs.
surface Built | 1'2,3 mm '
Structure | | Composite structure [Foundations: Stone Masonry. Ground fioor: Perimeter Brick fasonry —
Steel pillars and beams support the composite roof of slabs made from solid bricks and
concrete flooring. Upper floor: Perimeter Brick Masonry Perimeter Brick Masonry, interior
brick masonry and interior wooden pillars supporting the roof made from wooden framework,
| mclﬁfg with French tiles.
{'.CGI: |ThE1'r=arr=m records of the cost of the ::-fglrsalstructurr:-
E?&Earﬂ'»quake-: Ir':spermn Hepm't “Green spcu-.idrc md&satﬂj& brick mas::-rry uftheupperﬂucu'
' Pathology ' surface corrosion of steel pl]lars and beams. Failures of wooden roof trusses. Extensive

Building Permits ;
for interventions |

deterioration of mortar and plaster, Local fallures duee to fatigue (material aging and poor
m.au‘rben.ame} Abzence -n‘fsr:lsnu: -EE»I,,_FL Inade-qlﬂte structural ﬁfety
S5/ 2016 Permit for Henmstmcmn Reirforcement and Renovation and Modifications of the |
Interior from the Municipality of Thessaloniki, City Planning Servioes:

“Took and | Bazement: parual Radier Beneral reinforcement of the base of steel plllafs with reinforced
methods of concrete. Reconstruction of mortars and plasters. Reinforcement by serting a new double-
imerventions. | _faced steel beam. Anticorrosion trestment. Sporadic grouting,
Irrten.-entu:uns Cost Total calculated cost ; Smmtﬂi
||'ItEn"E|"TI:Ir" m Faral colkulared Lo 2 526, g DN -.?{O.Dﬂﬁ,-"
per m Sud foace of bulldiag e T TR
f‘urrr:nt use: Fu;ILﬂt:l-ﬂpﬂprrSE'- rpo: -ﬁdﬂ'ﬁr.[m— hibitit ns, DFEDE, mﬁé}

Fig. 6 Summarized information on the building at 5 Edessis Street.

3. Conclusions.
The research presented herein proved that each listed building is unique, has different legislative framework,
age of construction, pathology and it needs to be studied separately.

The study of the three buildings confirmed that there are plenty of techniques and materials that can be used
for interventions as different techniques and materials were used in each case. The cost of the interventions on
the selected buildings range between 216.30euro/m2 to 973.21euro/m2 as is direct connected with a chosen
technique-method for the intervention (Building 1: 1 Rempelou Street/ Radier General, Emaco, steel frames
and gunite in beams, Building 2: 24 Kleious Street/ Gunite and grouts at stone masonry, steel beams and
wooden frames, Building 3: 5 Edessis Street/ Partial Radier, reconstruction of mortars, sporadic grouting and
steel beam) and depend upon the pathology of the building (Building 1: Local failures due to fatigue limited
load — bearing, inadequate structure safety; Building 2: Local failures due to fatigue, low quality materials,
limited load-bearing capacity, cracks, inadequate structure safety; Building 3: Surface corrosion, failures of roof,
extensive deterioration of mortar and plaster, local failures due to fatigue), the selected the time needed to
implement the interventions, the construction type (Building 1: Reinforced concrete frame; Building 2: Stone
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Masonry and wood supported framework, Building 3: Composite Structure), the original use (Building 1:
Commercial & Residential; Building 2: Residential, Building 3: Inn- later: commercial use) and the experience of
the competent engineer. It must be stressed that the estimated cost of the three buildings refers only to
interventions for the reinforcement of the structural frameworks of the buildings and does not take into account
other costs of interventions for restoring architectural or morphological characteristics.

Future research based on the analysis of interventions carried out on a larger number of listed buildings will
provide more accurate restoration costs.
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Abstract

Itis a fact that the occurrence of a forest fire is one of the most frequent incidents in the news agenda, especially
during the summer period. The scope of this work is to study the problem of forest fires through literature
research. Firstly, we are defining the forest fire; record of the causes of the forest fires and the consequences
thereof are made. Secondly, after mentioning the types of forest fires, the factors that affect the start and
spread of forest fires as well as the measures required to deal with them are studied. Thirdly, there is a brief
description of forest fire prevention and repression measures in Greece. In conclusion, forest fires, with the
exception of those due to natural causes and aiming at the regeneration of nature, are almost equally disastrous
for both the forest and the human being. Concluding, the forest fires are an issue with enormous consequences
for both the structured and the natural environment, so through this work an attempt is made to inform and
understand this phenomenon, which sometimes proves to be disastrous.

Keywords: forest fires, problem, nature, natural disaster
1. Introduction

According to the revised Constitution of Greece in Article 24, by forest or forest ecosystem, the organic whole
of wild plants with woody trunk on the necessary area of ground is defined, which, together with the flora and
fauna co-existing there, constitute, by means of their mutual interdependence and interaction, a particular
biocoenosis (forest biocoenosis) and a particular natural environment (forest-derived). A forest expanse exists
when the wild woody vegetation, either high or shrubbery, is sparse (The Constitution of Greece, 2008). The
forest is one of the most complex ecosystems of nature (Chazdon et al., 2016) and plays an essential and
decisive role in preserving the global ecological balance and, by extension, life itself (Messier et al., 2015).
Forests are a lively, dynamic ecosystem that uses different ways and means to perpetuate them, one of which
is fire. Nasi et al. (2002) report that fire is a vital and natural part of the functioning of numerous forest
ecosystems and Hovi et al. (2007) mention that perhaps the most striking forest restoration method is
prescribed fire, which creates disturbance regimes where natural succession dynamics prevails. However,
although fire plays a key role in the regeneration and existence of forests, it often tends to become the main
factor in their destruction and total disappearance, possibly being the most important global hazard
(Mitsopoulos & Mallinis, 2017).

2. The definition of forest fire

The main driving factor in the story of human evolution is fire (Wayman, 2012). In 1970 Katsanos (Katoavog,
1970) describes the fire as the uncontrolled burning with oxygen, along with the release of large amounts of
heat and light, accompanied by destruction of the burned material and can have undesirable effects. In a same
way Emmons and Atreya (1982) tried to present a scientific understanding of fire in their study about the science
of wood combustion. Those two researchers wrote about the triangle of fire and explain that fire is the natural
phenomenon caused by burning, the chemical reaction of various elements with oxygen. The combustion, in
order to be carried out, requires the existence of a combustible material and heat supply. These three factors
oxygen-combustible matter-heat constitute the famous triangle of fire. Tampakis and Karanikola in 2015 wrote
for the triangle of fire that without oxygen nothing can burn; without heat cannot ignite fire and without
combustible matter there is nothing to burn (Taumdkng & KapavikoAa, 2015). In addition, the triangle of
primary conditions that can affect extreme forest fire behavior consists of topography, fuels, and weather
(Trollope et al., 2004). Steeper slopes and generally the presence of hilly reliefs creates windbreaks, speeds up
the wind in ravines and increases the impact of topographic thermal winds tending to increase the rate of fire
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spread. The vegetation constitutes the fuels for the forest fire. The amount and type of vegetation available for
combustion is crucial in the way a fire ignites and spreads. Furthermore the behavior of forest fire depends on
the quantity of biomass present in the three main vegetation strata (herbaceous, scrubs and trees) as well as
on its moisture. Hot, dry, and windy conditions are generally ideal for the rapid growth and spread of forest
fires (Dlamini, 2010; Plana et al., 2016).

Forest fire is a term which is used in Europe to designate the unwanted fires burning forests and wild lands and
make up a serious problem for Europe. Forest fires are extremely powerful and destructive phenomena which
occur with significant frequency and intensity not only in Europe but on many parts of the Earth (Dlamini, 2010).
Forest fires, as well as fire in general, are the result of combustion. In each forest area, because of the high
concentration of combustible organic matter, there are specific critical conditions, i.e. defined limit values of
the triangle which, when overcome, generate ignition and fire starts (Kwvotavtwviéng, 2003). Overall, the result
from an uncontrolled spread of fire in a forested area called forest fire (Plana et al., 2016).

Forest fires are part of the ecology of forest ecosystems in Greece and generally in the Mediterranean region
and are a complex phenomenon that follows the laws of nature (Pausas and Vallejo, 1999). Forest fires
represent an expression of how nature works in a highly flammable, Mediterranean environment and is related
in the long run to the natural mechanisms of life cycle recycling and forest regeneration. It is also a devastating
phenomenon, which disrupts the balance and natural evolution of natural and man-made ecosystems that
depend on the beneficial effects of forests (Athanasiou, 2016).

One of the most important enemies of forest conservation and productivity is forest fires. The rapid and
extensive disasters caused to the forest ecosystem are not compared to any other factor. And while they
actually look like absolute destruction they are also associated with the regeneration of forests, contributing to
their perpetual existence. What is certain, however, is that fires, with their power, create radical changes in
forests.

2.1 Causes of forest fires
The causes of forest fires could be classified as follows:

e Natural causes.
In this category fires are mainly caused by lightning. If they are not extinguished due to rain, they are
likely to cause serious damage. Lightning usually falls on slopes and inaccessible locations, which
prolongs the approach of fire brigades to start neutralizing them. In the same category fall the fires
caused by volcanoes (which are almost non-existent in Europe).

o Negligence.
Fires caused by “negligence” are very common and are the main cause of fire ignitions in most
European countries. Actions such as throwing a cigarette butt or matches, burning garbage and dry
grasses, cooking, barbeque, electric cables, engine sparks, military exercises etc. can cause fire. At this
point, it is important to note that negligent fires are mainly related to agricultural burnings to remove
unwanted biomass and to vegetation management for forestry and pasture purposes (e.g., burning of
slash or piles of vegetal waste, and vegetation renovation), because it is a cheap and efficient tool
(Leone et al., 2003).

e Deliberate.
Deliberate fires are linked to different motivations. Setting fire for profit is the most important
motivation, mainly related to opening or renovating pasture or for hunting. Interests are also related
to setting a fire for monetary (e.g., insurance fraud) or nonmonetary profit (e.g., to set a fire to
maintain seasonal employment: Leone et al., 2003; Lovreglio et al., 2010). The irresponsible use of fire
assumes a relevant expression and is explained by psychological troubles and mental illnesses and by
entertainment or children’s games. Usually the person who ignites fire deliberately selects days or
times when the fire will spread rapidly and uncontrollably.

e Unknown causes
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These fires cannot reasonably be explained or proved. The unknown causes are explained by the
difficulty in determining the ignition point and the cause or by the high number of fires without
information or not investigated.

The Hellenic Fire Service in an effort to quantify the causes of forest fires, had publicized the following
percentages: Fires by natural causes 3%, by negligence 50%, deliberately 30% and unknown causes 17%
(Apxnyeio MupoaoBeotikol Twuatog, 1990).

2.2 Forest fires and their impact.

It is widely accepted that forest fires are part of the ecological circle of the ecosystems (Athanasiou, 2016) and
are an important ecological factor, having a number of effects on the terrestrial and atmospheric
environments (Dlamini, 2010). Whether the fire is natural or man-made; it can disturb and strongly change the
structures and functional processes of forest ecosystems (Foldi and Kuti, 2016). The economy and the
environment of the area that burst a fire are directly and indirectly affected.

Forest fires cause significant changes in the microclimate of the area, affecting negatively both fauna and flora.
At the same time soil erosion is observed with the inevitable consequence of floods occurring and generally the
aesthetic value of the landscape is degraded (Ikpemetog, 2018). In addition, there are direct and indirect
economic consequences of the destruction of forest products (e.g., timber, resin), losses of properties and
human lives and a feeling of insecurity for citizens (Toaykdapn kot dAAot, 2011)

2.3 Frequency of forest fires.

Fire frequency, differs by region as a function of climate conditions, and the requirement of fuels that are
sufficiently dry and abundant to burn (Peterson and Littell, 2012). In Greece, fires started becoming a problem
in the 1970s (Athanasiou, 2016). And since then it has been observed that 80% of the most devastating fires
occur between June 1 and October 31, while 90% of them occur between 08.00 and 23.00 (Katodvog 1970)

2.4 Forest fire types.

Kaulfull and Hofmann (2011) describe three types of fire: the crown fire, the ground fire and the surface fire.
Although Plana et al. (2016) and Foldi with Kuti (2016) describe and one more type, the torching fire.

Specifically, those authors describe the fires as:

1. Under ground fire starts in forests, where peat layers can be found beneath and it spreads
through the underground organic matter and roots. In most cases under-composed organic
material enriched in the upper layers of soil burns without flames. Even though flames are not
visible, the fire can stay active for long periods. Usually the spreading speed is slow.

2. Surface fire starts at the lower parts of the trunks and roots above the surface and spreads
through the surface fuel strata (herbaceous strata, duff and shrubs). Spread rate depends on air
direction and speed.

3. Torching fire occurs when smaller trees and bushes can catch fire. In that case fire spreads from
the surface strata and into the crown of a single tree or small parcel of trees. The spreading is
faster and the burned area grows radially.

4.  Crown fire spreads through tree crowns. This type of fire is not only on the ground, but on trunks,
leaves and shrouds of bushes and trees, with the burning of leaves, twigs and bigger arms of the
trees.

The latter is characterized by the highest severity and an uncontrolled growth.
2.5 Factors that affect the onset and spread of forest fires.

The way in which the fire will behave, depends on various factors that affect it. These include fuels, weather,
and topography.
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2.5.1 Fuels

The forest as a whole is considered as a fuel as it consists of flammable materials (2kpemnetdg, 2018). However,
the way in which these materials affect the behavior of the fire depends on a number of factors, such as
quantity, structure, composition, humidity, temperature and type of vegetation (Fire security, 2013).

The amount of fuel is considered a key factor in combustion and an important parameter for forest fires. The
increased biomass in forests combined with its distribution in the site -i.e. the structure of the vegetation- are
key elements for the spread, speed and intensity of the fire (Ganteaume and Jappiot, 2013). The density of the
fuel is inversely proportional to the ignition capacity. Dead biomass burns very easily due to its low density.
Also, fuel anatomy affects burning, in particular wood porosity has greater ease of ignition, as well as rough and
uneven surfaces are more easily ignited (Tapumndkng & KapavikoAa, 2015)

The temperature of the fuel is another factor in the development of a fire. The temperature of the fuel depends
on the temperature of the air and the intensity of the incident solar radiation. Hot fuels ignite more easily and
contribute to a more rapid spread of fire (Moreira et al., 2010).

Fuel humidity is another factor to consider. According to Xantopoulos and Wakimoto (1993) the moisture
content of the fuel is the amount of water in grams contained in a gram of dry combustible matter. The higher
humidity a fuel contains the slower is its ignition. It is worth noting that the change in moisture content of living
biomass is influenced by the physiology of the plant and to a lesser extent by environmental conditions.
Conversely, the change in moisture content in dead fuel depends exclusively on environmental conditions, since
we are talking about dead organisms (Taumakng kat KapavikoAag 2015).

2.5.2 Weather
Weather can affect many aspects of a fire, such as intensity, severity, and fire size (Feng et al. 2015).

Air temperature has a direct effect on the behavior of the fire due to the heat requirements for ignition and the
continuation of the combustion process. It has been observed that that large forest fires occur in Greece during
hot exhaust gases and when temperatures above 30°C are combined with moderate or strong winds.

Relative humidity is also a regulating factor in the moisture content of the fuel and thus in the ignition and
continuation of the combustion process. Relative humidity is the ratio, ie the fraction, of the moisture content
in the air to the maximum humidity that the air could hold at the same temperature and pressure, i.e. when the
air is saturated. The relative humidity is usually expressed as a percentage. When we have fog in the
atmosphere, that is, humidification of water vapor, it means that the relative humidity is 100%. As the air
temperature rises, the relative humidity decreases as the air can hold more moisture. Relative humidity affects
the behavior of the fire because it affects the moisture content of the fuel. Low relative humidity levels result
in faster evaporation of fuel moisture. Therefore, the smaller the amount of moisture we have on a fuel, the
less heat energy is needed to come to a flashpoint (2kpemnetdg, 2018)

2.5.3 Wind

The motion of the air caused by the rotation of earth, its anaglyph, but also because of the sun's radiation is
called wind (Makpuylavvng & axoapdavoyhou, 1994). The wind is a changeable factor that can influence the
intensity and magnitude of the fire through its direction and speed and, depending on the topography of the
area that breaks out a fire; to make it particularly difficult to extinguish (Mitsopoulos and Mallinis, 2017).

When a fire starts in a region, if no wind blows, then the fire will extend approximately concentrically around
its starting point as it burns a homogeneous and uniform layer of forest fuel. If the wind prevails, the fire will
extend mainly towards the wind direction and less in the opposite direction, and if the wind suddenly changes
its direction, then the fire will expand to the new direction of the wind (KaiAidng kat Kapavikoda, 2004). At the
same time, through the wind a fire is fed with more oxygen, which speeds up the burning process, while
transferring heat through the wind is another negative consequence that results in more intense and faster
spread of fire (Weather Elements, 2017). Finally, the wind can become the means of transporting ignited fuel
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particles (burners) at a distance of tens or hundreds of meters from the front of the fire, contributing to its
uninterrupted expansion.

2.5.4 Topography

Areas with intense topography are more likely to experience large fires (Guyette and Dey, 2000). Fire generally
spreads faster uphill than downhill because fuels are more efficiently preheated by the uphill spreading flames
and heat. Additionally, the steeper the slope, and the more fuel, the faster the fire will burn and spread. Fuels
dry earlier in the season on south slopes compared to north slopes. Low areas that lie between two higher
ridges, called saddles, also influence fire behavior. Topographic features such as “chimneys,” which are vertical
drainages on either side of a hill, can draw fire up very rapidly as the hot air rises, even creating their own winds.
As a result, topography can alter the normal heat-transfer process of a fire, modify general weather patterns,
and result in microclimates with localized moisture conditions (Leavell et al., 2017).

2.6 Addressing forest fires

It is commonly accepted that forest fires are a global problem and a serious threat to the ecosystem's balance,
with particularly negative effects on the environment, society, economy and human life in general (2kpemetog,
2018). Their proper handling will therefore minimize them. The key to successfully addressing forest fires lies in
prevention rather than repression which runs counter to the policies pursued by mainly Mediterranean
countries, since the most serious of the measures they take is repression (San-Miguel-Ayanz, 2013).
Nevertheless, almost all countries take a series of preventive measures such as: 1. Analyzing statistics and
investigating causes; 2. Raising awareness and informing citizens; 3. Forest policy and appropriate management
of forest ecosystems; 4. Legislative measures; 5. Preliminary planning and preparatory works (2kpemnetog, 2018).

The repression of forest fires is done by terrestrial and aerial firefighting forces. Forest fire suppression is
directly related to the intensity of the fire and in particular to the length of the flames. When flame length is
lower than 2.5 meters the strategy to extinguish is direct attack. The firefighting forces act directly on the flame
by means of hand tools (any piece of hand-held equipment operated manually or with power assistance used
to dig, rake, scrape, chop, cut or remove fuel) and water supplies such as water tankers or water bombing
aircraft. If the flame length is between 2.5 and 3.5 m. then the firefighting forces use the indirect attack. In that
case the suppression methods are implemented away from the fire edge, such as the creation of a control line
(a constructed or natural barrier used to control a fire). Finally, when flame length exceeds 3.5m., then the
parallel attack is used. This type of strategy involves the construction of a control line approximately parallel to
the fire edge and located at some distance from the fire, which is supported by a back fire (a fire set intentionally
along the inner edge of a control line to consume the fuel which is in the path of a forest fire in order to create
a fuel discontinuity and consequently minimize and the spread of the forest fire) (Plana et al., 2016).

3. Prevention and suppressive measures in Greece.
3.1 Prevention measures.

Forest fires are a phenomenon that falls into the category of natural disasters (Zamouvt{akn, & AavdouAdkn,
2016).

The General Secretariat for Civil Protection (GSCP) designs, plans, organizes and coordinates actions regarding
risk assessment, prevention, preparedness, information and response to natural, technological or other
disasters or emergencies, coordinates rehabilitation operation, monitors the above actions and informs the
public on these issues.

Forest fires within the framework of the General Civil Protection Plan under the code "XENOKRATIS" may cause:

. Injuries and loss of human life.

. Direct and indirect economic losses from disasters in the primary sector (forest products, agriculture,
livestock farming), to various infrastructures and facilities in the country (electricity networks,
telecommunications, etc.) as well as consequences for forest recreation and tourism in general.
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o Disruption of ecological balance of natural ecosystems.

For this reason, the preventive measures are determined by the Civil Protection and are as follows: 1. Risk
Analysis, 2. Fire and forest fire protection works, 3. Checking the status and proper functioning of the fire
hydrant, .4. Preventive cleaning of vegetation to reduce the risk, 5. Preventive cleaning of vegetation along the
road network, 6. Measures to avoid fire from the operation of uncontrolled urban waste disposal sites, 7
Measures to avoid the occurrence of fire from the performance of agricultural and other work in open air, 8.
Measures for the protection of children's camps, campsites, 9. Issuance of a fire risk prediction chart, 10.
Thematic maps of administrative boundaries for municipalities, fire and forest services, 11. Informing the public
about self-protection measures against forest fires, 12. Preventive traffic ban (Fevikr Mpappateio MoALTikAg
Mpootaoiag, 2018).

3.2 Suppressive measures.

In Greece, the Hellenic Fire Service is a subdivision and operational arm of the GSCP and is responsible for the
operational design of fire and assistance for the rescue of individuals and material goods threatened by them.

The extinguishing measures in the case of a forest fire are primarily the responsibility of the Fire Brigade in
cooperation with Civil Protection and are mainly the following: 1. Actions of increased preparedness in view of
threatened threat to forestry fire actions 2. Actions for announcing, controlling and suppressing forest fires 3.
Supporting the firefighting body to the task of combating forest fires 4. Actions to deal with emergencies and
to manage the consequences of forest fires (Fevikn MNpappateia MoAttikng Npootaociag, 2018).

4. Conclusion

Fire plays a vital role in maintaining many ecosystems and the communities that depend on them. Fire is a
natural process that has played a major role in shaping our environment and maintaining biodiversity world-
wide. Fire’s benefits and impacts are extensive; the majority of the world’s terrestrial habitats depend on fire
for ecological sustainability. Howbeit even that fire is considered as a key ecological process can be a threat to
biodiversity and human livelihoods with unwelcome and far reaching consequences (Shlisky et al. 2007).

No other element of nature is so beneficial and at the same time as destructive as fire. Using its power, man
has managed to create modern civilization but at the same time the same power of fire, when escaped from
man’s control, caused disasters that sometimes were irreparable. The majority of forest fires, with the
exception of those due to natural causes and aiming at the regeneration of nature, are equally devastating both
for the forest itself and the mankind.

Urban societies have often a limited knowledge and awareness of the real causes of the forest fire problem; so
the only way to solve this problem is to understand the reasons which cause it.
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Abstract

Successful disaster management in cultural institutions begins with the awareness of this pressing necessity as
the frequency and intensity of disasters notably increases. The seminar, "Disaster Management in Cultural
Institutions,” was designed to improve the understanding and knowledge of professionals in the cultural sector
about the development and implementation of disaster management strategies specific to cultural materials
and sites. Creating a common base of knowledge, systematic and aligned response actions are the key in
developing crises management specific to protection of Greece’s important cultural resources.

The 10-day seminar targeted professional level cultural heritage professionals, including directors,
conservators, librarians, archivists, curators, collections managers, archaeologists, stewards of historic churches
and house museums, and students. International systems of response, extensive resources, and hands-on
experiences introduced seminar participants to the theory and practical tools for disaster management.
Lectures and exercises guided students through the necessary progressive steps of risk assessment, analysis,
strategic planning, and preventative actions in advance of catastrophes. Students then learned the protocols
and goals of response, salvage and recovery after catastrophes occur. The systems adopted in international
level for disaster management on cultural institutions can be easily adapted to Greek cultural institutions
tailoring requirements of disaster management to each organization. This course, along with ongoing seminars
in Greece, is a starting point for establishing a dialogue, mutual understanding, and cooperative support among
Greek organizations.

Keywords: catastrophes, disaster management, cultural sector, cultural resources, risk assessment, risk analysis,
strategic planning, preventative actions, response, recovery.

1. The Seminar

Lectures introduced the participants the theory and practical applications of disaster assessment, protective
actions and systematic disaster incident response for cultural collections and sites. Increased frequency and
intensity of worldwide natural and manmade disasters have created awareness, commitment and a growing
mobilization to confront the needs of systematic protection and reaction to disasters. The cultural heritage
sector has developed tools for addressing the specific needs of managing, protecting, and rescuing collections
and historic sites. Lecture content alternated between the theory of disaster management and illustrated
examples of actual disaster events experienced by the presenters.

The organizing committee of this seminar included the authors and our colleague, Maria Papadimitriou, MA in
Preventive Conservation, Directorate of Conservation of Ancient and Modern Monuments, Greek Ministry of
Culture, pap-dim@otenet.gr. The faculty are expert disaster specialists who work internationally as consultants
and teachers. The faculty represents several disciplines in museum and library management and work in many
different countries.

The seminar targeted professional level cultural heritage professionals, including directors, conservators,
librarians, archivists, curators, collections managers, archaeologists, stewards of historic churches and house
museums and students. Participants acquired theoretical background and practical skills for managing disasters
within their own cultural institutions. Students were encouraged to actively participate, contributing their
professional expertise and experience. The intention was for participants to assist their organizations in
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necessary preparations for protection and recovery from manmade and natural disasters of any scale. Following
the seminar, many participants reported working towards disaster management in their institutions. Topics
included:

e Team building for pre-disaster assessment and post-disaster response, including incident command
systems and required roles and responsibilities of assessors and responders

¢ Risk assessments of sites, buildings and collections to identify and mitigate vulnerabilities and potential
problems

o Disaster planning, including writing a plan, the required resources for disaster response and examples of
disaster plans worldwide

o Protective measures for the safety of collections, buildings, sites and people

o |dentifying required resources, such as supplies, staff, work and storage locations, money and specific
information

o Disaster response actions, including collections salvage, drying, packing and treatment options and the
issues of long-term recovery

¢ Health and safety for staff and volunteers working in disaster situation
o Staff training subjects and goals

Lectures, classroom team exercises, homework, individual written exams and hands-on simulations of fire and
flood disaster responses introduced participants to all facets of disaster assessment, protection, response, and
recovery (figure 1). Practical classroom discussions and exercises were designed to guide the participants in
addressing issues confronting their own institutions. As part of the training, students were directed to cooperate
with others as an important component of team building (figure 2). Students were provided extensive
bibliographic information for additional training. Hands-on simulations gave practical experience in disaster
response to fire and flood disaster. The students applied information provided in the classroom, allowing them
to experience and better understand protocols and potential issues in managing a disaster site and staff.
Students were required to develop all protocols for a systematic recovery from the simulated disasters, manage
the disaster site and staff, and handle water and fire damaged collections.

Admission requirements for the 30 seminar participants included a higher education degree in a cultural
heritage-related field and English language proficiency (because of the many available international resources).
Participants paid nominal tuition and were awarded with 3 ECTS credits of Lifelong Learning Certificates. Three
of the students represented 3 European countries. Two TEI student interns received tuition-free attendance
and provided general assistance in running the program.

The seminar was hosted by the Institute of Lifelong Education of the Technological Educational Institute (TEI),
Department of Conservation of Antiquities and Works of Art, (Athens, Greece). The seminar was held in
September 2017 and continues to be presented throughout Greece.

Additional information about the 2016 seminar was published in the Greek newspaper, Kathimerini:
http://www.kathimerini.gr/authors/sakhs-iwannidhs

Figure 1, Classroom lectures: Maria Lyratzi, Maria Papadimitriou, and Susan Duhl introduce theory and practical
approaches to disaster assessment, protection and recovery from disasters in cultural institutions
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Figure 2, Classroom Exercises: Students work cooperatively to understand the process of assessment,
development of disaster planning, and disaster incident response.

1.1 Understanding the History of Disasters:

The seminar began by presenting a survey of catastrophes throughout history. Since before destruction of the
Alexandrian Library, many hundreds of libraries, museums, archives, historic buildings, and archeological sites
have been damaged or lost as a result of different kinds of disasters. The lecture introduced participants to the
cause and effects of disasters, as well as the relative success or failure of disaster recovery programs.

Effective disaster management began in response to the 1966 Florence, Italy flood, when the Arno River
overflowed and covered the city in meters of water. Millions of works of art and countless books and documents
were affected by floodwater containing contaminates and mud. There were no universally established
guidelines at that time and the Florence flood revealed and emphasized the practical needs of disaster
management. This catastrophic natural disaster served as an impetus to develop programs for museums and
libraries in which disaster planning is a central component. Disaster planning is now considered a core mandate
for all collecting institutions and historic sites (ICCROM, 2014). The flood led to experimentation and innovation
in treatment protocols, establishing protocols and procedures for coordinated response, recovery, drying and
treatment of cultural materials (Waters, 1993).

1.2 Developing Disaster Planning in Cultural Institutions and Sites:

All cultural institutions are expected to have detailed plans addressing the needs of caring for staff, visitors,
collections and the site in case of emergency. This seminar lecture outlined the elements of a disaster plan,
including how to assess unique conditions and issues, analyze and develop priorities in protective actions and
assemble necessary resources.

Disaster Plans include a series of written policies and procedures designed to prevent or minimize damage
resulting from manmade or natural disasters. These protocols provide a unified system to guide the post-
disaster recovery of a cultural institution.

1.3 Assessment of Risks in Cultural Institutions:

Disaster assessments evaluate the level of preparedness of an institution to guard against and recover from
disasters of varying origins and scale. Assessments identify potential external and internal risks posed to
institutions and collections and help to estimate the effects when risks become real events. The process assists
the institution in anticipating, evaluating and undertaking the needs of disaster preparedness and response
specific to their collections, site and organizational management (ICCROM, 2016).

Detailed examples of the causes and results of disasters were shown through slide-illustrated lectures, followed
by application of the learned techniques through classroom exercises and homework. Students were provided
resources of information about conducting assessments and given samples and templates for writing disaster
plans.

Disaster plans are tailored to every institution’s specific circumstances and facilities and covers all relevant
threats or risks to the institution, its collection and staff and visitors. A successful disaster plan identifies and
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predicts potential risks, based on variables of origin, scale and resulting damages. Every institution will be
unique in its circumstances, determined by geography, accessibility, building conditions, staff capabilities and
availability of funds. Each organization will have differing missions and collections scopes. After disasters, each
institution will address unique aftermath, dependent on the extremity of the disaster and the available
resources to salvage and recover(NPS,2000).

An assessment is used to analyze risks in terms of probability and effect. Qualitative and quantitative
approaches to assessments were introduced in the seminar. In a quantitative approach, mathematical functions
denote relationships between variables considered to quantify a hazard. Numerical data is derived to forecast
potential events. [Waller, 1994]. In a qualitative approach, scales of extremity, (‘high’, ‘moderate’ or ‘low’,) are
observed to identify and assess the risk, potential hazards and mitigating protective actions (Stovel, 1998).

The assessment team gathers information from all members of the staff, including the directors, collections
staff, security personnel, buildings and grounds crews and sometimes volunteers or visitors. All staff will have
unigue observations. The team may expand depending on the size of an institution. The assessment team may
also include recovery specialists, such as conservators, historic preservation architects and other cultural
institutions who can provide valuable insight, support and training. For example, architects and engineers can
identify building issues and develop priorities to address them. Other local institutions may have staff with
expertise or experience and institutions with cooperative agreements are often more successful in recovery
actions (American Institute for Conservation, 2017).

Civil service is often included in the assessment team, identifying safety issues, making recommendations and
providing training. Their visit is also an opportunity to cross-train and sensitize the police and firefighters to the
unigue needs of cultural sites and collections. A cooperative relationship with civil service agencies is critical,
because they are often the first responders to a disaster scene and are in charge of the site and safety of people.

Students were provided examples of disaster plans for different types of institutions, which reflect typical
conditions that may be present in various collections and sites. Key issues of disaster assessment were
presented:

e The administration: institutional mission, existing and required policies and protocols, collections care
requirements, funding, staffing and staff training. The level of an institution’s development is an important
factor in disaster preparations and avoidance. A well-managed institution with professionally trained staff
is more likely to effectively protect against and/or recover from disasters.

e The geography and meteorology: The cause and effects of natural and manmade disasters on cultural
heritage materials.

e The location of the institution: the geography, topography, weather, and proximity to civil service. For
example, cultural institutions may be in earthquake, fire, and/or flood zones. Urban or rural locations may
affect accessibility to recovery services or supplies.

e The building and site: A building may be the first line of defense in a disaster, or it can be the source of
disasters. The building site, structural and mechanical systems are key issues in assessing the safety of
collections. Building materials, age, construction techniques, maintenance are reviewed. Internal systems,
plumbing, electrical and air conditioning systems are assessed. Interior space utilization is reviewed to
determine the best locations for collections storage. Safety systems, including security staff and fire
detection and suppression are located and reviewed for effectiveness, safety and usability. The building
and campus are reviewed for safe access and evacuation.

o Collections care and protection: Storage, exhibition and work areas are reviewed to determine the level of
collections care. Space utilization is an important factor, especially in positioning collections storage in the
safest building locations. Collections should be stored in locations away from potential hazards, such as
affects from extreme weather, extreme interior conditions (like humid basements), leaking pipes, or
mechanical equipment. Exhibition techniques are reviewed to determine if collections are securely
installed, to protect them against things like vibration from earthquakes, rising flood waters, or human
accident or vandalism.
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e Team building and collaboration: Cooperative work between departments and outside agencies, such as
civil service agencies and collegial organizations are imperative and can significantly contribute to
successful recovery from disaster.

o Disaster preparedness: Specific resources are required in advance of disaster. For example, purchasing and
keeping supplies specifically for salvage of damaged collections is important.

e Protocols and techniques for salvage: Handling, packing, drying and conservation treatment of vulnerable
cultural materials, as well as inventory controls are critical to avoid secondary damages or lost and stolen
collections.

e Periodic re-assessment: Disaster plans are updated as circumstances change over time, such as changes in
personnel or with expanding collections.

Students undertook assessments of the local buildings, observing existing conditions and potential risks.
Students were provided with additional resources of information about risk assessments (figure 3).

Figure 3: Assessment of buildings and sites. The procedures were done by the students, introducing them to
critical areas of concern. This exercise provided both the tools, and the means to cooperatively develop disaster
plans

1.4 Developing the Plan:

Plans provide information and guidelines detailing the procedures, protocols, goals and resources for response
and recovery. An understanding of the intentions, scope and details of a disaster plan ensures both appropriate
guidelines and practicable, realistic expectations to achieve goals and objectives of disaster preparation and
recovery.

A disaster plan is a written, approved, implemented and periodically tested program to identify, protect,
reconstruct or salvage an organization’s collections and vital records. A disaster plan and its mandated actions
are updated as improvement projects are completed or urgent issues arise, or as the level of funds or staffing
changes.

The plan should:
e Protect people, collections, the building and site
e Predict and reduce risks caused by manmade and natural disasters to minimize adverse consequences
e Provide detailed management directives
e  Outline logistics and recovery procedures for implementation of disaster recovery
e Provide necessary resources for staff, supplies, work and storage space, money, etc.
e Resume and continue regular daily operations

A disaster plan contains detailed information, including:
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e Responder contacts

e Management policies

e  Procedural Guidelines

e Floor plans and evacuation routes, including locations of safety equipment
e Template forms and checklists

e Resources of assistance and information

Following assessments, decisions must be made to effectively address concerns within typical constraints of
institutional management. Gathered quantitative and qualitative information will assist the team to develop a
focused acceptable plan. A successful disaster management program requires an assessment team to
collaborate closely and make consensus decisions to balance needs across all departments. The seminar
introduced some of the needs and complications of administrative policy making, budgets and the political
structure of institutional management (Lyratzi, 2013).

Understanding a common lexicon and agreed use of terminology are invaluable tools in effective
communications between responding agencies and individuals.

Disaster planning also includes defining needed roles and the responsibilities of staff in event of a disaster
response. This is an opportunity to identify the best people for a salvage team by establishing each individual’s
capabilities and skill sets. This is very helpful, because disaster situations are stressful and critical decisions will
be made during difficult times.

Complex decisions must be made in choosing priority collection items prior to (and again following) disaster.
These items will have higher priorities for care and use before a disaster and in recovery in event of a disaster.
Decisions about priorities are a thoughtful balance of criteria, including, but not limited to: collection items
representing the mission of the institution, curatorial value, financial value, media and structural sensitivity,
quantity of damaged/undamaged material and replicability of an item. Vital records and collection items on
loan from other institutions are considered high priorities. Available resources are a consideration and are used
in developing a strategic plan for identifying priority collections and protective actions.

Protective Actions:

Protective actions are taken to address risks and to avoid, eliminate or reduce those risks considered to be
unacceptable. Identifying and completing needed protective actions is considered a very high priority for all
collecting institutions and crucial for professional level collections management.

Pre-disaster protective actions and staff training are most significant in guarding against, or limiting the extent
of damages. Protective actions are undertaken in a predetermined priority order, recognized by the extremity
of need and as money becomes available. Dedicated staff time and funds for supplies are required (Duhl,
Frellsen, and Herskovitz, 2016).

The development and continual updating of risk management plans and projects are considered protective
actions. Ongoing assessments identify additional or recurring issues and can be used to monitor the
effectiveness in implementation of control mechanisms. Vigilance ensures continuing protection of people,
buildings and collections as changing circumstances alter risk priorities.

Protective actions include establishing strong programs of:
e Strategic planning and project implementation/completion
e  Physical maintenance, repair and improvements of the sites and buildings
e Installation, repair, or replacement of security systems and training in proper use
e Organizing, housing and storing collections in the best possible manner
e  Provision of disaster response supplies

e  Provision of health and safety equipment
175



SafeKozani 2018 - 5th International Conference on Civil Protection & New Technology - Proceedings

e  Staff training, undertaken and updated regularly
Staff training is critical in effective crisis management. Staff training topics include, but are not limited to:
e The purpose and intended use of the disaster plan

e Roles of staff positions, to inform and sensitize everyone to responsibilities and potential disaster-
related issues within their area of expertise

e Physical and psychological health issues, such as exposure to pathogens or other contaminants, or
emotional response to disasters

e Safety techniques, such as evacuation of visitors and fire extinguisher use
e Assessment of collections and the building for changes in conditions

e  Options and techniques for collections protection

e Salvage techniques, such as art handling and systematic disaster recovery

Staff training prior to disaster is imperative. Responders must understand and accept incident command, safety
procedures for people and the established system of collections salvage. Students were encouraged to achieve
certification from a free web-based training program for Incident Command in emergency situations (Federal
Emergency Management Agency, 2018).

Lectures illustrated standard protective actions and students were provided with detailed bibliographic
information on protection of buildings, sites, collections and people. An exercise enabled students to discuss
their experiences and observations, increasing everyone’s understanding of a range of standard and unique
circumstances.

1.5 Disaster Response:

Every disaster is different in type, size, resulting damages and needs so the recovery depends on the type and
results of the disaster. The seminar introduced the students to the established steps and potential variables of
incident response in event of natural or mechanical catastrophes. The resulting damages and salvage options
for collections affected by earthquake, fire and/or flood were illustrated in the seminar. Students were
introduced to the theory and reality of disaster response using images from real disaster response events.

In response to disasters of any origin or size, many actions must be undertaken at one time. Effective and
successful management requires systematic actions to ensure a common set of goals and the implementation
of controls to achieve them. It is very important for everyone to understand and conform to common goals and
procedures for a successful recovery.

Topics discussed in the seminar included initial and long-term incident management:
e Emergency services (Fire and Police)
e Creation of the disaster response team
e Protection of all responders
¢ Incident Command Systems
¢ Assessment and documentation of the incident and collections
¢ Incident action plans
e Priorities, techniques and goals for collections salvage
o Staff assignments and needed roles and responsibilities
e Supplies and equipment
e Work and storage space

e Money
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e Collections salvage

Salvage and stabilization goals and procedures were introduced in the seminar. Understanding the techniques,
requirements and goals of moving collections from disaster affected areas is a key issue. Proper protocols will
limit the potential for secondary problems, such as secondary damages or lost inventory. This is especially
important as collections are physically moved through stages and different locations.

Incident Command is a system designed in the United States by the Federal Emergency Management Agency
(FEMA) and adapted for use in cultural institutions (Federal Emergency Management, 2019). In disaster
response, incident command is responsible for:

o Understanding the situation

o Establishing incident objectives

« Developing the Incident Action Plan (coordinating activities and priorities)
¢ Confirming available financial and human resources

e Preparing and disseminate the incident action recovery plan

o Executing, evaluating and revising the plan

o Developing language for the public and media

The Incident Command System (ICS) defines the chain of command and identifies roles and responsibilities
needed in disaster recovery. ICS is used to manage staffing and actions to create a coordinated, collaborative,
strategic and effective salvage and recovery of cultural collections. ICS provides chain of command and unity of
command to ensure a clear structure for developing and implementing successful disaster response. Assigned
team roles ensure a common understanding of individual assignments and responsibilities and the steps needed
to complete the incident recovery objectives. The modular organization of ICS allows the response structure to
expand or contract depending on incident complexity and scale, available resources and changing needs as
recovery progresses.

The successful system of the American Institute for Conservation National Heritage Responders was used a basis
for training because it is easily adapted to Greek circumstances and needs(American Institute for Conservation,
2019).

1.6 Long-Term Recovery:

Pre-disaster assessment anticipates and balances the needs of disaster preparedness and response and predicts
long-term needs of recovery for cultural institutions.

Recovery from disaster can be a long process. Immediately after a disaster, institutions will need to maintain
daily operations but will also have the added burden of rehabilitation. Additional staff time will be needed to
treat, repair, de-accession, or replace items to rebuild collections. Damaged collections may require isolated
storage, designated workspace and regular re-assessment of conditions over time. An important example of
this is isolating and monitoring mold-contaminated collections to ensure there is no additional outbreak, even
after treatment.

A disaster of any size is likely to alter existing strategic management plans and divert or delay implementation
of other projects. The need for additional funds is inevitable. Additionally, disaster affected materials are more
susceptible to secondary problems (such as mold growth after a flood) and vigilant ongoing assessments are
required.

Students were provided with theoretical and realistic examples of disaster response through slide-illustrations
of actual events.

Thorough pre- and post-disaster assessments will help develop strategic planning and actions that are both
practical and realistic for the institution.

Students were provided with extensive resources of information on disaster salvage and options for collections
handling, drying, packing, storage and conservation treatments.
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1.7 Hands-On Workshops:
Students actively participated in 3 hands-on workshops:

o Fire safety was presented by a representative from the local fire brigade (figure 4). A slide-illustrated lecture
introduced the students to the causes and effects of fire and the roles and responsibilities of the fire
brigade. Students were taught the proper use of fire extinguishers.

o Salvage of fire-damaged collections was introduced using fire damaged facsimile collections. Students were
encouraged to examine and handle damaged facsimiles to better understand the type and extent of
damages. Recovery and cleaning techniques for soot, ash, and charred materials was presented.

¢ Salvage of water-damaged collections was experienced using a simulation of flood damages (figure 5). A
scenario was created using wet and dirty facsimile collections. Students were required to develop ICS,
secure supplies and develop and implement salvage and drying operations.

Figure 4, fire safety workshop: The workshop followed a lecture on fire safety and the importance of working
cooperative with civil service agencies, like the local fire brigade.

Figure 5, Collections recovery workshop: Workshop with simulated scenario of flood. Using information learned
in the seminar, students were responsible for all aspects of incident command, gathering supplies, salvage, and
packing water damaged collections.

The seminar, “Disaster Management in Cultural Institutions” has since been presented in various locations
throughout Greece. The seminar is adapted to local communities, the specific interests of the audience, and
available time. Specialists are included to contribute additional expertise. Professional level training creates a
common base of knowledge and will significantly contribute to aligned and consistent crises management for
the protection of Greece’s important cultural resources.
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Abstract

The problem that motivated the project is the forest fires that afflict Greece, especially during the summer
period. The purpose of the study is to create a database that will indicate how to approach by means an area,
terrestrially or aerially, taking into account parameters such as geographical, climatic and geo-environmental
conditions. The method use Matlab software to indicate if an overhead force is needed to deal with an
emergency, taking into account factors such as: altitude, proximity to a residential area, humidity, temperature,
wind, tilt. The program is at a pilot stage, as the user manually completes the fields of the factors influencing
the result. The first results show that geographic, climatic conditions and factors such as the proximity of
residential area and the density of vegetation, can influence the decision about terrestrial or aerial approach.
The importance of this project is to create a tool that compares aerial or terrestrial operation to combat an
emergency, by suggesting the most effective, efficient, fast and safe way to approach the area. However, this
program can also be used in other rescue or even military operations. The innovative part is the creation of an
integrated database with continuous and then in real-time updates of geographical and environmental changes,
that are key parameters for approaching an area in emergency. Finally, depending in parameterizations, the
program could be used as an emergency, preparedness and coordination tool, to face humanitarian and
environmental crises in Global level.

Key-words: Fire extinguish of a forest fire, Aerial intervention, Innovation, Emergency situation, Matlab,
Sustainable development

1. Introduction

In the future, climate change will significantly undermine efforts for sustainable growth because it will
exacerbate the risks of natural disasters, such as forest fires, which in turn will adversely affect sustainable
development. This is because after a forest fire, due to the lack of vegetation that retains both water and soil
catastrophic floods will follow. Eventually erosion and desertification phenomenon will appear.

The impact of these disasters will be rapid, and they will have a direct impact on the economic and social life of
a country. Nowadays, the amount of money which is spent on fire fighting and the restoration of the damages
that follow, counts on hundreds of millions of euros.

However, caution is not given to the prevention of fires, the cost of which may be much lower than that of
repression and the results much more substantial. That is why the protection of the forest ecosystem is "the
foundation stone on which sustainable development must be built".

It is also important to consider the new facts. The ecosystems of Greece will be particularly affected as they are
in the sensitive Mediterranean Zone. The creation of an appropriate infrastructure system will therefore play a
key role in both prevention and repression. Moreover, interdisciplinary and international cooperation is also a
priority of paramount importance for the country.

There are 3 main axes for infrastructure building that the project is based on.

e  Protection of the forest ecosystem and restoration of burnt areas.
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Forest sustainable development

Use of technology and innovative tools to support the infrastructures.

Protection of the forest ecosystem and restoration of burnt areas.

Designing appropriate forest fire prevention and repression works with innovative and
environmentally friendly methods, especially before it is spread (forest roads, firefighting dispersion,
observation sites, types of firefighting vehicles, number of vehicles and personnel required).

Post-fire rehabilitation (original wood harvesting methods, anti-corrosion dams, etc.).

Forest maps development, arbitrary control as a measure to prevent forest fires, land use maps for
prevention and development.

Sustainable forest development projects in 3 directions:

Timber (harvesting methods).
Alternative tourism (sports areas, paths, bridges, waste, biological cleaning, etc.).

Alternative energy sources (bioenergy, wind turbines), bio-feed (livestock farming).

Use new technologies and innovative tools to support the above-mentioned infrastructure.

Developing candidate researchers' skills in research support tools and techniques.

AutoCAD, GIS, GPS-HEPQOS Seminars in forest conditions at postgraduate students and PhD candidates.
Support for postdoctoral and doctoral research.

Calling foreign researchers to transfer experiences.

Improve guide studies.

In the international interdisciplinary context cooperation is valuable for exchanging experiences on the issues
of adapting development to new climate change circumstances. Scientists from the advanced forestry countries
will be called for cooperation.

So, we believe that the future generations we will:

Reduce the risks of natural disasters

Reduce regional unemployment

Create sustainable development infrastructures

Train new scientists to new competitive technological and research knowledge

Enhance the international cooperation to improve the convergence.

In Greece, only 15 % of forest fires occur at altitudes over 500 m altitude (Dimitrakopoulos, 1998), mainly in oak
and black pine plantations. The arrival time of initial extinguishing fire crew to the highlands is very slow and
takes about 60 minutes (Dimitrakopoulos, 2001).

According to researchers the growth rate in infrastructure costs should be accompanied by a corresponding
reduction in costs and damages (Figure 1). In Greece however, the damages caused by fire (suppression costs
and loss of forest) are independent of the infrastructure costs to strengthen fire fighting forces and efforts.
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Fig.1. Correlation between infrastructure expenditure and expenditure for extinguishing and damages.

The rate of reduction of costs is not directly (DC) proportional to suppression costs and damages but is
associated with DC curve and the right branch of the curve EZ has smoother slope on the left side
(Dimitrakopoulos and Skourtos, 1991). This is due to poor organization, the misplaced breakdown of costs and
the overall institutional framework.

Therefore, new firefighting model is required to optimize the efficiency, independent of the excessive cost of
expenditure. This is also result of the socio-economic conditions prevailing in the country that is expected to
worsen the situation.

In Mediterranean ecosystems the climate change causes temperature rising, therefore the risk of forest fires is
increased. In Greece, during the 2007 — 2009 summer periods, 71 people died, many houses and approximately
300,000 ha of forest were burned. (Drosos et al., 2015a, b)

The consequences of the torrential phenomena that occur on the urban environment are even greater because
of the foliage loss. A definite cause of fires is the lack of inventory of forests, woodlands and grasslands, as well
as the disputed recording of property rights for the creation of forest cadastre, forest maps and land use maps.
(Drosos, 2014)

Although this project has started in 1976 while the team continued working on forest maps, in 1997 the creation
of forest maps for the 5.85% of the territory had been successfully covered, unfortunately still no one has
ratified it as definite.

During the past years and after the turnouts of dramatic significance for humanity which occurred due to the
reckless and catastrophic for the environment linear economical “developmental” activity, the perception that
development is either complete, namely economic, social, technical/technological, political, and cultural, in
harmonious interaction and respect of the natural and cultural environment, whose part is also humankind, or
nothing, is becoming more popular, directly or indirectly (Rokos, 1998, 1999).

Development has been the flag of every country in the world. But what development is meant? It meant the
residential development or the qualitative one or by the way the touristic development or sustainable one? To
achieve the suitable development, necessary land planning use and forest cadastre (forest maps) are needed,
meaning the essential foundation for development and instrument of land policy exercise (Drosos, 2011).
Infrastructure creation and, more specific, spatial planning of land use and innovative ideas for sustainable
development are necessary. Plato predicted centuries ago that the deforestation of the mountain slopes means
reducing their ability to help people and animals live comfortably, or in other words, the salvation of the cities
is on the mountain and we should initially concentrate there (Doukas, Drosos, 2013).

Development of mountainous areas is linked to the development of anthropogenic impacts, which, like any
form of economic development, is usually accompanied by negative environmental impacts. The specificity lies
in the fact that this anthropogenic action often degrades the natural and structured environment, which is, at
the same time, the raw material for its development (Doukas, 2004, Drosos et al., 2014).
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For this reason, the development of a forest area should aim to maintain compatibility with the environment.
In an age of rapid developments in the process of knowledge / technology share, where knowledge is fast
growing and needing to become new, the importance of lifelong learning for the renewal of knowledge and
skills.

The purpose of the paper is to create a program-based database to indicate how to approach a location, as well
as early warning and sending of aerial or terrestrial means as an adaptation to the new realities of climate
change. As expected, climate change will significantly undermine efforts for sustainable development because
it will exacerbate the risks of natural disasters, such as forest fires.

Hence, a new firefighting model is required to optimize efficiency, irrespective of the excessive cost of
expenditure. This is also due to the socio-economic conditions prevailing in the country, which are expected to
exacerbate the situation.

In Mediterranean ecosystems the climate change causes temperature rising, therefore the risk of forest fires is
increased. In Greece, during the 2007 — 2009 summer periods, 71 people died, many houses and approximately
300,000 ha of forest were burned (Drosos et al., 2015a, b)

On July 23, 2018, two major fires broke out in Attica, the first in Kinetta and the second near Daou Pentelis. In
the second case, the fire spread and passed through the settlements of Neos Voutzas and Mati, resulting in the
loss of 102 people and injuring dozens of others. Of the two fires, completely destroyed, or damaged thousands
of homes while tens thousands of acres of forest were burned.

The fire in Neos Voutzas and Mati is the most lethal in the history of the modern Greek state and the second
deadliest fire worldwide in the 21st century, following the fires in Australia on February 7, 2009, that had killed
180 people.

The consequences of the torrential phenomena that occur on the urban environment are even greater because
of the foliage loss due to the forest fires. A definite cause of fires is the lack of inventory of forests, woodlands
and grasslands, as well as the disputed recording of property rights for the creation of Forest Cadastre, forest
maps and land use maps (Drosos, 2014).

Forest Cadastre has started in 1976, while continued in the form of forest maps, in 1997 the creation of forest
maps for the 5.85% of the territory had been successfully covered, unfortunately still no one has been ratified
as definite.

Forest maps are a useful tool both at the stage of responding to natural disasters (for guiding fire-fighting
vehicles, etc.), as well as at the stage of rehabilitation and restoration of the area to the status quo of sustainable
development. Over the past few years and after events that are of dramatic significance for mankind which
occurred due to the reckless and catastrophic for the environment linear economical “developmental” activity,
it became common consciousness, the notion that development should occur in harmony with the natural and
cultural environment. This applies equally to economic, social, technological and cultural developments (Rokos,
1998, 1999). To achieve the sustainable development, suitable land use planning and Forest Cadastre (forest
maps) are needed, meaning the essential foundations for development and means of land policy exercise
(Drosos, 2011). Infrastructure creation and, more specific, spatial planning of land use and innovative ideas for
sustainable development are necessary. Plato predicted centuries ago that the deforestation of the mountain
slopes means reducing their ability to help people and animals live comfortably, or in other words, the salvation
of the cities is on the mountain and we should initially concentrate there (Doukas and Drosos, 2013).

Development of a region either mountainous or semi mountainous or lowlands is inextricably linked to the
human activity and can either exacerbate the risks (humanitarian and environmental crises) or mitigate the
effects. This human activity often degrades the natural and structured environment, which is, at the same time,
the raw material for its development (Lazaris, Drosos, 2018, Drosos et al., 2014).

The purpose of the work is to create a database taking into account factors such as altitude, proximity to a
residential area, humidity, temperature, wind and slope. These data are going to enter to a special software to
indicate how to approach the region concerned, in which a natural disaster has occurred (forest fire), with
terrestrial or aerial means, considering geographical, climatic and geo-environmental conditions.
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2. Material and Methods

A program using the MATLAB software and Excel as well was created. The purpose of the program is to indicate
if an overhead force is needed to deal with an emergency, using the climatic (Humidity, Temperature, Wind)
and Geoenvironmental Conditions (Density and species of vegetation) and geographic parameters (Altitude
Proximity to a residential area, slope).

Some of the program parameters are changing slowly, steadily and gradually over time, while others are
changing unpredictably and rapidly. More specifically, the altitude, the slope, the proximity to a residential area
and the density of the vegetation vary gradually over time with relative slow rates.

On the other hand, humidity, temperature and wind are parameters that are changing rapidly. Based on the
fixed parameters, it is possible to determine the degree of difficulty of approaching an area with terrestrial
means. However, it is the immeasurable and rapidly changing parameters that essentially determine whether
airborne entanglement is imperative, recommended or even prohibitive.

1.1 Slowly changing parameters

- Altitude is a parameter that has a catalytic effect on the way of intervention in an emergency area. The higher
the altitude the more necessary is airborne intervention.

- The proximity to a residential area affects the way to respond in an emergency, because of the closer the fire
can find to a residential area, the greater the chance of hasty human life. Efficacy and immediate intervention
in such cases must be intensified as the negative impacts left behind by the fire will be even more noticeable in
society.

- Slope also affects how to respond in an emergency because a high or steep terrain makes the terrestrial
operation more difficult.

- Finally, the density of vegetation plays a major role on the decision of aerial or terrestrial approach to an area
as denser vegetation in an area leads to greater and faster the spread of the forest fire.

Future scope is to add one more parameter, the type of vegetation. Some vegetation types inhibit fire creation
and fast spread (in combination with the climatic conditions prevailing at the time such as the temperature,
humidity, etc.). Such as herbaceous vegetation, plumage, shrubs as well as various coniferous and broad-leaved
trees are flammable materials.

1.2 Fast Changing Parameters

- Wind is a parameter that cannot be controlled and accurately predicted. The wind has more weight than the
other parameters, because when it is at a maximum value, aerial intervention becomes extremely difficult or
even impossible, since the wind affects the airborne flights. Also, wind affects the spread of a fire. This,
sometimes leaves only one option, the terrestrial intervention.

- Moisture is another parameter that affects the evolution of a fire. Higher rates of moisture, reduce the spread
of the fire.

- Temperature also plays a catalytic role in the development of a fire. Higher temperatures create suitable
conditions for forest fire to start and spread.

Table 1 shows the weight of the inputs that affect the output. The program runs for all possible combinations
that may occur.
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Table 1: Indicatively weights of the inputs and how they affect the output

Proximit i
to ya Vegetation Priority of
Altitude . . Moisture | Temperature Wind Slope & . aerial
residential Density . .
intervention
area
High High
High Low
High Low
High Low
High Medium Low
Low Medium Medium High Medium Medium High

The values that determine whether a value is low, medium or high are shown below:

Low, Medium, High

Altitude 0-300, 301-700, 701-2000 meters

Proximity to a residential area 20000-50000, 5000-20001,0-4999 meters

Humidity 0-50, 51-69, 70-80 %

Temperature 0-20, 21-30, 31-42 Celsius degrees

Wind 0-3, 4-6, 7-12 Beaufort

Slope 0-5, 6-25, 26-100 %

Density of vegetation 0-25, 26-49, 50-100 %

The program at this stage requires the parameters that affect the result setting manually by the user. It is
advisable after the extinguishment of the fire to record the burned area (in acres or hectares) and the time it
took to extinguish it, as shown in Table 2.

Table 2: Recording of the burned area in acres or hectares as well as the time taken for the extinguishment of

the fire.
FORESTRY BURNED LANDSCAPE | TIME OF
DIRECTORATE FORESTRY (ACRES) INTERVENTION
KAVALAS KAVALAS 606 13.75
KAVALAS THASOU 20 93
DRAMAS DRAMAS 632 25
DRAMAS NEVROKOPOIOU 50 0
KSANTHIS KSANTHIS 793 53
KSANTHIS STAVROUPOLIS 62 15
RODOPI RODOPI 153 36
EVROU ALEKS/POLIS 378 20
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After collecting data on the altitude, the slope, the proximity and the density of vegetation for 100 areas in
Greece, a first database was developed to improve user experience.

Particularly the parameters that are slow changing and could be considered stable are automatically completed,
thus facilitating the user's process of completing the program fields. At this stage of the program parameters
that change rapidly such as humidity, temperature and wind speed should be completed by the user (Table 3).

Data can be collected from online - meteorological sources (meteorological page).

Table 3: Parameter values which auto filled in and those which are to be filled in by the user

Altitude | Moisture | Temperature | SPeed of Slope | Proximitytoa Vegetation
wind residential area density
227 b 5 20
281 2 10 36
472 3 11 58
520 1 12 70
571 3 13 79
550 3 14 73
214 2 15 58
185 2 16 19

3. Conclusions and Discussion

The first results show that geographic, climatic conditions as well as factors such as the proximity of the situation
in a residential area and the density of the vegetation in the area can influence the decision on aerial or
terrestrial force.

In the future, this program will automatically work for all regions of Greece without mandatory user interaction.
Essential prerequisites are the creation of vegetation and land use maps as well as digital elevation model (DEM)
and slopes maps for Greece. Real time climatic condition data will be available for every possible location.

The next step in the development of the program is the continuous and time-based automatic updating of the
parameters. This concerns both the parameters that change rapidly and unpredictable over time and the
parameters that change slowly and staidly.

The goals of the program are:

The creation of innovative projects for:

a. Protection of forest ecosystems from fires in the prevention and suppression phase

b. Early restoration of fire areas

c. Sustainable development of forest areas

d. Development of the new research skills

e. More efficient international co-operation resulting in our most convenient / effective convergence.

The core purpose of this project is to improve the way of facing a natural disaster. Specifically, the program
suggests aerial intervention, based on geographical and climatic parameters. That is why the aerial intervention
is faster and more effective. The nature of the project is to prevent the worst scenarios of a disaster. In this way
the use of this program will protect the forest ecosystem and reduce the risk of an extensive destruction.

A database with information will be created which can be integrated all the necessary data after a disaster
occurs. Specifically, depending on the size and the nature of the disaster the relative researchers will suggest
solutions for restoration of the areas and their development. Moreover, this program is dynamic and as the
technology involved this tool, will evolve and be even more innovative to create new and support the already
existing infrastructures.
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Finally, if the program has recorded the values of the parameters mentioned above, such as slope, altitude,
vegetation density and proximity to a residential area then it should be updated at regular intervals because
some values, although theoretically are stable, can be changed. For example, after a fire or other natural
disaster or a cutting of trees, vegetation density will change. Additionally, the creation of a new settlement can
affect the proximity to inhabited areas. So, it is necessary for the program to be updated with new data over
time.
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Abstract

Public health emergencies can be defined as those situations which have an adverse effect on the public health
system and / or protective infrastructures and related services (such as water or sanitation, food, shelters, fuels
and health) that lead to both direct and indirect effects on the health of the population and occur when these
protective infrastructures are absent, damaged, under-exploited or unavailable to the population. Urgent public
health emergencies following a disaster are more common in developing countries where basic public health
and care services are already deficient or absent. However, all countries are at risk, especially where the
population density in urban-prone areas is increased, urban or suburban infrastructure is outdated or
inconsistent with the rapid urbanization of the population and therefore increases its vulnerability or finally,
where extensive ecological and environmental degradation has limited the ecosystem's ability to absorb the
shock.

This paper presents the direct and indirect impacts of natural and man-made disasters on public health, and
refers to ways of dealing with natural disasters and presenting interventions across the spectrum and public
health sectors -safe drinking water, control of rodents and insects, housing, feeding, control of communicable
diseases, immunization of the affected population, management of corpses, mental health services, and public
health surveillance mechanisms needed to mitigate the consequences of the disaster and support the victims.

Keywords: public health, morbidity, water supply and sanitation, communicable diseases.

1. Introduction

Global population growth, poverty, land scarcity and urbanization in many countries have increased the number
of people living in areas prone to natural disasters and multiplied the impact of public health. In recent decades,
the prevalence and importance of natural disasters has increased, causing millions of people to be affected and
killed and major economic losses (Aljunid 2012).

The main factors that promote, accelerate, or induce a catastrophic event to turn into a public health crisis with
regard to the possibility of injuries and illnesses are the following:

e Developing countries, where public health infrastructure and systems have failed or are absent

e Deficiency and / or inefficiency of existing infrastructure capacity and / or public health system to
respond to crises

e If the capacity and efficiency of public health services in general has been affected (destroyed,
degraded, questioned, maintained ineffective, or if there is still a refusal to provide services to the
population) as a consequence of the disaster

e  Geographically extensive destruction
e Population size, distribution and density
e Prolonged time / report of the disaster

e Existing environmental and ecological decline or an environment that is adversely affected by the
disaster (Burkle 2008).
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2. Direct effects of a natural disaster on public health
Short-term losses fall into three categories, which have both direct and indirect effects:
e Disease, disability and death
e Direct losses of infrastructure
e Loss orinterruption in the provision of medical and health care (Burkle 2008).
2.1 Death following a natural disaster

For obvious reasons, there is a lack of information on the number of deaths in the first minutes or hours after a
disaster. Researches conducted among rescuers about the use of drugs and equipment have shown that very
little is known about survival after a disaster. However, the relatively small number of serious injuries observed
after most natural disasters- excluding earthquakes- show that people either die or survive relatively without
injuries. This figure suggests that the seriously injured may die before they can survive and take urgent care.

In this respect, sociologists have conducted a series of studies that shed new light on how communities and
individuals react to disasters. These studies show that within the first 30 minutes of a major catastrophe, more
than 75% of survivors will be involved in rescue operations. These remarks are particularly useful for preparing
for disasters and increasing the efficiency and acceptance of relief operations. So, in order to reduce the number
of deaths after disasters, the most effective measure would be to educate the local population on rescue
techniques. Such training can include the entire community, or groups of volunteers, or organized professional
groups, to increase the self-confidence of communities that are exposed to possible disasters. In some areas, it
may be possible to train primary health officials in rescue and relief techniques after a disaster (Lechat 1997).

2.2 Morbidity after a natural disaster

Apart from earthquakes, the number of people injured who require medical care is usually low compared to
the number of deaths. In floods, the proportion of people in need of medical care has been reported to range
between 0.2% and 2%, with most injuries involving minor injuries such as abrasions and ulcerations. It has even
been argued that the general health level of the survivors of a disaster may be better than the rest of the non-
affected population in the region.

Generally low morbidity rates as well as the ratio of the number of injuries to the number of deaths are
important indicators for planning the amount of supplies and staff needed to relieve the people affected. The
experience of recent disasters has shown many examples of excessive reactions: mobile hospitals of all kinds,
teams of specialized surgeons as well as unprepared volunteers, and tons of scrappy supplies that have been
hurried in the area at the same time as other types of medical and non-material would be more appropriate for
the circumstance (Lechat 1997). The direct burden on health depends on the nature of the risk. The day after a
great disaster, authorities must meet extreme demands with means that can not meet the basic medical needs
and are often exhausted.

Disasters related to natural phenomena may affect the transmission of pre-existing communicable diseases,
but the objective risk of their large explosion after natural disasters is often excessive. In the short term, an
increase in visits to hospitals due to diarrhoeal diseases, acute respiratory infections, dermatoses, and other
diseases should be expected after a disaster. In the middle stage of crisis, heavy rainfall can affect the
transmission of host-related diseases- such as insects and rodents- such as, for example, standing water that
may contribute to an explosive mosquito growth.

Earthquakes can cause a large number of injuries. While most of them are not life-threatening, the injured will
still seek immediate medical help from health structures, which are often unprepared, carry serious damaged
or are completely destroyed. Authorities must provide services to displaced populations, restore health
structures, repair services, and strengthen health surveillance in communicable diseases. It also has to deal with
permanent disabilities, mental health problems and a possible increase in heart an chronic diseases rates.

Tsunamis are disastrous tidal waves from earthquakes on the seabed. These waves can travel for several
hundred kilometers an hour and reach a height of up to 10 meters as they approach the coast. Coastal disasters
may be extensive, and usually the number of deaths far exceeds that of survivors with severe injuries.
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Volcanoes, while causing serious problems, are usually underestimated due to their long-term inactivity.
Explosions follow a period of volcanic activity, giving people time for scientific monitoring, warning and
preparation. Some aspects of the phenomenon, such as the fall of volcanic ash and rocks, lethal gas, lava flow,
although they are a factor of concern, are of little relevance to health. Volcanic ash affects transport,
communications, water sources, plants and stocks. Volcanic ash and gasses may irritate eye conjunctivitis and
the upper respiratory tract and also aggravate chronic lung diseases, but usually cause little morbidity in the
general population. The most significant danger is caused by the pyroclastic flow (hot gases, ash, and rocks that
travel at a particularly high velocity from the crater) or gasses, ashes, rocks, and / or mud flows mixed with
water, caused by the rapid melting of snow at the peaks of the volcano or by intense rainfall in unstable mass
of ash-the so-called lahars. Historically, pyroclastic explosions or lahars have caused around 90% of volcanic
eruption injuries Other concerns include the possible contamination of water reserves with heavy metals as a
result of the ash, the movement of a large population for an indefinite period of time, and the associated
problems of hygiene and mental health.

Drought develops slowly over a period of months and years and is caused by a lower than the average
precipitation in a certain area over an extended period of time, leading to a decrease in water reserves.
Approximately 15% of global natural disasters are caused by droughts and the associated deaths reach 59% of
the mortality from extreme natural phenomena worldwide.

Water is necessary for food production. To produce a calorie feed, at least one liter of water is required, while
a calorie of meat or dairy product requires about ten liters of water. So, drought often leads to a reduction in
food production. Serious droughts can eventually lead to plague as has happened repeatedly in Ethiopia. It can
also cause significant population shifts. Children are especially at risk due to adverse effects, especially when
droughts lead to plague and malnutrition. The elderly are also susceptible to the adverse health effects of
drought. In addition, droughts cause adverse effects on air quality due to prolonged molecular airway inhibition,
which in turn can adversely affect the health of people with lung disease. Fires in wild vegetation are more
common in drought areas and the smoke of these fires also contributes to lung function disorder (McCann
2011).

The flood waters can behave like a trigger, releasing chemicals that are already stored in the environment. The
health impacts associated with exposure to chemicals are therefore greater in populations living near flood-
damaged industrial or rural areas. However, the causal relationship between floods, contamination and related
outbreaks of diseases in affected populations remains scientifically proven. For example, in a review of a series
of data on UK-flooded chemical pollution incidents, the relationship between these incidents and the mortality
and morbidity of the population remains unreliable. In the past, flood waters and soil have been contaminated
with carbon monoxide, insecticides, agricultural chemicals, dioxins and a number of heavy metals. Exposure to
these substances is known to be associated with cancer, cardiovascular, gastrointestinal, renal, hepatic and
neurological diseases.

Increased soil toxicity not attributable to floods was responsible for increasing the concentration in arsenic and
lead soil after Hurricane Katrina and Rita. In the weeks following the disaster, the basic change in toxic exposure
was associated with the lack of energy sources, which resulted in a sevenfold increase in carbon monoxide and
gasoline and thirteen times in exposure to lamp oil. Incorrect use of portable generators during the Katrina was
responsible for the majority of cases of carbon monoxide poisoning in the affected areas (Alderman 2012)

Climate disasters include seasonal floods, hurricanes and cyclones. Seasonal floods can cause an increase in the
prevalence of diarrhoeal diseases, respiratory infections, dermatitis and snakebites. Exposure to the risk of
water reserves depends on the previous state of community water. Salt water contamination is a serious
consequence of the high waves of the sea (blister sea) and the tsunami. Prolonged flooding jeopardizes local
crops and sometimes large-scale provision of food to the affected population is required. Primary healthcare
concerns the survival in conditions of great density, poor conditions of hygiene and provision of safe water in
temporary camps or other areas where services are under operated or destroyed. Strong winds, heavy rainfall,
and storm waves caused by hurricanes and cyclones can also lead to illness and death. Survivors of such
disasters require psychosocial support.

2.3 Acute diseases
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Unlike infectious diseases, in disasters there is the possibility of short-term effects on the health of the
population. In some disasters there is the possibility of causing direct or indirect acute illnesses in the exposed
population. Earthquakes, for example, can release various microorganisms from the soil, such as the
coccidioides immitis fungus that causes coccidioidomycosis. This disease occurred after the 1994 earthquake in
Northeast, California, creating an explosion in a settlement in the area. (Southern Ventura County). Other
natural hazards that can cause diseases include volcanoes and fires in the countryside, which can cause
respiratory and ocular problems due to ash, smoke and toxic gases.

Extreme weather events can also cause direct or indirect health problems. In the United States in the recent
past there has been an increase in mortality and morbidity as a direct result of the heat waves that hit the
country. In Chicago, in the summer of 1995, 465 people died of diseases related to the 8-day heatwave. Those
who were at the highest risk were the elderly, who either did not have, or did not use the Air Condition of their
home.

Extreme hypothermia, on the other hand, is only a possibility of causing acute health problems associated with
a particular cold. It is usually accompanied by two other secondary risks, which have their own adverse effects.
Extreme cold, especially what tends to turn into a frozen storm, leads to power failure. This usually leads
residents to use candles for lighting, kerosene heaters and fireplaces for heating. The use of these materials has
been associated with domestic fires and mortality from them. Lack of energy also results in residents using oil
or kerosene generators. Incorrect use of these in poorly ventilated areas is associated with an increase in carbon
monoxide poisoning (Shoaf 2000).

2.4 Chronic illnesses

The consequences of a disaster on the health of the population are not limited to acute conditions such as
injuries and acute illnesses. For a long time, there has been a suspicion that disasters lead to an increase in the
adverse effects on chronic diseases, such as heart disease. Unprecedented disaster calculations often include
reports of increased cardiac arrest deaths, especially in sudden and instantaneous (earthquake) catastrophes.
Of course it is customary to include deaths by arresting the official numbers of the victims from a disaster.
However, it appears that in a direct catastrophe such as earthquake, it may accelerate death by cardiac arrest,
but there is no mention of a generally significant increase in lethal cardiac arrest.

While disasters can not be related to a large increase in fatal coronary events, they seem to lead to more
morbidity in chronic disease, such as cardiovascular, hypertension and diabetes. Research in Japan showed that
blood sugar control had become weakened after the Kobe earthquake. Therefore, conditions in which anxiety
is a risk factor and for which the continuation of medical care is necessary, appear to be affected by disasters
(Shoaf 2000).

3. Long-term effects of a natural disaster on public health
3.1 Loss of primary health care.

The health sector carries a significant share of the long-term financial burden of a disaster. The value of direct
and indirect losses gives the total cost of the disaster. Direct damages refer to the material losses occurring
immediately after the disaster: loss of nursing beds, damaged equipment and drugs, damaged or affected
health structures, damaged water and drainage ducts. Indirect losses refer to the production of goods and
services lost as a result of the disaster and the resulting loss of income. Damage of the healthcare system can
have a serious impact on the health of the population in the affected area. In addition to the need for urgent
medical care as a result of the disaster, there are also basic needs that must continue to be met and that have
nothing to do with the crisis. There are primary health care needs, which if not satisfied will adversely affect the
health of the population. Vaccinations, prenatal care, management of chronic medical conditions such as
hypertension, diabetes and cardiovascular diseases, as well as other primary medical services, which should be
restored and available to the affected population (Control Priorities Project 2007).

3.2 Loss of normal lifestyle

Disasters can affect both the community and the people themselves. Those who depend exclusively on external
aid may find that the recovery process is longer and harder. In addition, members of the community who are
marginalized due to their economic profile, linguistic insufficiency, age, sex, disability or minority status may
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have difficulty in accessing the necessary rehabilitation services. Meanwhile, those who have not received such
help often live under bad conditions, without basic sanitation (Shoaf 2000).

4. CRITICAL PUBLIC HEALTH OPERATIONS

For displaced people, damages of health, hygiene and water supply structures, buildings and crops can lead to
a rapid increase in malnutrition and infectious diseases. Fortunately, supplying adequate clean water and
ensuring basic hygiene conditions, timely vaccination against measles, simple treatment of dehydration
resulting from diarrhea, supplementation of trace elements in undernourished patients and the creation of an
appropriate health surveillance system, can lead to a significant reduction in health risks associated with the
harsh environment of refugee camps.

4.1 Water supply and sanitation

Damage of water and sanitation systems can have serious health effects. In severe floods, the sudden
interruption of these services coincides with the direct effect on the transmission of host-related and water-
related diseases. In the case of earthquakes, the number of people adversely affected by water scarcity may
well exceed the number of injured or those who have lost material goods. As in the case of health structures,
the restoration of public water supply systems is just as slow (Control Priorities Project 2007).

Appropriate sources of drinking water, cleanliness and hygiene (collection, disposal and handling of sewage and
other liquid and solid waste and refuse) must be accessible in an equal way to all residents of the camp. This
can be achieved by creating a sufficient number of appropriately located waste disposal facilities (toilets,
lavatories, waste disposal sites and sewage collection), water distribution points, access to soap and bath and
washroom facilities and effective health education and enlightenment.
The UN High Commissioner for Refugees recommends, that each refugee receives at least 15-20 liters of clean
water per day to cover his domestic needs. A sufficient amount of relatively clean water is preferable to small
quantities of high quality water. Delivering to each family special caps of water that have been chlorinated
shortly before dispensing and which are chlorinated before each filling can be a very effective preventive
measure directly applicable to the very first stages of an emergency.

The construction of lavatories should begin early in the acute phase of the disaster, but the primary sanitary
measures in a camp can be nothing more than from the definition of an area as a waste site that will be isolated
from water sources. It is recommended to create a toilet for every 20 people (Noji 2005).

4.2. Insect and rodent control.

The control of disease carriers (insects or rodents, carriers of communicable diseases) such as mosquitoes, flies,
fleas or rats is a critical health measure (Noji 2005).

4.3.Housing

The World Health Organization recommends that each person has 30 m? of living space- plus the space required
for the development of its social activities, crops and the area of growth of domestic animals, when designing
refugee camps. From this area, 3.5 m? is the absolute required space per person in emergency camps (Noji
2005).

4.4 Control of communicable diseases and management of epidemics.

Many believe that the primary role of public health in disasters is to control possible outbreaks of transmissible
diseases after the disaster. While it is true that the possibility of such outbreaks or even epidemics of infectious
diseases occurs after any natural disaster, the actual occurrence of such explosions is rare. In order for the risk
to exist, the disease should be pre-existing in the population before the disaster (Shoaf 2000). Malnutrition,
diarrhea diseases, measles, acute respiratory infections and malaria are consistently responsible for 60-95% of
the reported deaths among refugees and displaced populations. The protection of displaced populations from
high mortality resulting from epidemics of communicable diseases is mainly due to the immediate provision of
adequate quantities of water, ensuring basic hygiene conditions, access to the community as well as effective
management of all disease incidents which consists of both provision of the necessary medicines and health
surveillance to identify new incidents and to take appropriate control measures. Proper management of
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diarrhea diseases with relatively simple, low-tech measures can reduce fatalities even in cholera epidemics-
below 1% (Noji 2005).

As has already been said, epidemics are not directly linked to natural disasters. Several factors including the
massive population displacement and changes in the environment and living conditions of the affected
population, as well as its vulnerability to existing pathogens, must be exacerbated and intensified as a result of
the impact of the disaster. Outbreaks / epidemics of communicable diseases are almost absent during the initial
phase of the disaster. It may occur several days, weeks or months after the disaster. However, it is common for
the international community, NGOs, volunteers, experts and the media to leave an affected area usually after
3 months, when in fact basic hygiene and access to hygiene facilities may not be available or are worsening due
to the financial burden of the disaster.

Factors that affect the transmission of diseases after disasters.
e  Pre-existing illness (such as cholera, measles, typhoid).
e  Proportion of vaccinations.
e Concentration / population density.
e Damage of public utilities and infrastructure, water or food contamination.

e Increased transmission of diseases from hosts- their reproduction areas, lack of personal hygiene,
interruption of control programs (Noji 2005).

4.5 Vaccination and vaccination programs

Health authorities are often under intense social and political pressure to launch mass vaccination programs,
usually against typhoid, cholera and tetanus. This pressure can be increased by exaggerated and excessive
reports of the risk of such diseases in the local and international press and the "offering" of such vaccines from
abroad (Pan American Health Organization 2000).

4.6. Controlling the spread of HIV / AIDS

The major threat of HIV infection and related sexually transmitted diseases, such as syphilis, swells during civil
conflicts and disasters. HIV infection is spreading faster during the period of emergency, when extreme
conditions such as poverty, social instability, weakness and violence against women prevail. Moreover, during
complex contingencies, the control of these conditions, whether involving interventions by national states or
national or international organizations, tends to be subdued, if not totally absent.
Education, health, poverty, human rights, forced migration and refugee, security, military and violence against
women are only a few of the factors related to HIV transmission and must be taken into account (Noji 2005).

4.7 The management of the dead.

One of the most common disasters-related myths is that corpses are a serious threat to epidemics. This claim
is used to justify the widespread and inappropriate mass burial or burning of the victims.1 There is no evidence
that corpses constitute a significant risk for the transmission and spread of infectious diseases, especially when
they take place immediately after the disaster. Therefore, the source of acute infections is more likely to be
survivors than decay bodies (Noji 2005).

It should be noted that this practice leads to a serious violation of the principle of human dignity, depriving
families of the right to receive information about their missing persons. It is imperative to stop the
dissemination of such views and to reach a global consensus on the proper management of the bodies after a
disaster (Kouadio 2012).

4.8 Nutrition-Feeding

Malnutrition increases mortality from measles, diarrhea and other infectious diseases. The lack of vitamins A
and C has been associated with increased child mortality in non-refugee populations. Given that, malnutrition
contributes to a large extent to the overall mortality and mortality of refugees, dietary rehabilitation and
maintenance of a satisfactory nutritional level are among the most effective interventions (along with
vaccination against measles) to reduce mortality, especially for those vulnerable groups such as pregnant
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women, nursing mothers, young children, the disabled and the elderly. However, the most urgent nutritional
priority in refugee camps is the timely delivery of 2100 kcal (8.8 Mj) of food per person a day, containing enough
protein, fats and micro-elements (Noji 2005).

4.9 Parental and child health (including reproductive health)

It has been seen that maternal deaths contribute significantly to the increase in mortality among women of
childbearing age. Parental and child health programs may include health education and access to it in the fields
of prenatal, postpartum and postnatal care, nutritional supplements, breastfeeding, family planning and
prevention of proliferation sexually transmitted diseases and HIV, vaccination and follow-up of baby weight. By
giving women who are the head of the family the responsibility for distributing humanitarian aid, especially
food, ensures a more equal distribution of this aid (Noji 2005).

4.10 Health services.

Experience shows that medical care in emergencies should be based on simple, standardized protocols.
Comfortable accessible primary health clinics should be established during the initial emergency phase. WHO
and other organizations such as Doctors Without Borders have developed basically field-tested protocols to
manage common clinical cases that can be easily adopted in emergency situations. These protocols include lists
of basic medicines and basic equipment (Pan American Health Organization 2000).

4.11 Supervision of Public Health.

Emergency medical information systems are set up to monitor the health of populations affected by complex
humanitarian crises. Heavy mortality is the most critical indicator of improving or worsening health of the
population and is also the indicator on which donors and carers are chosen to be involved or not in aid. It not
only indicates the general health status of a population at the present time but also provides a basis for
measuring the effectiveness of relief programs. During the critical phase of a relief operation, mortality should
be expressed as the ratio of deaths per 10,000 population per day, so that sudden changes can be detected. In
general, health professionals should be particularly worried when they find that the mortality rate of displaced
populations exceeds one death per 10,000 per day or when children under 5 years of age exceed four deaths
per 10,000 per day (WHO 2011).

4.12. Psychological reactions to destruction

Contrary to what is usually depicted in the media and cinema, the uncontrollable panic of the population after
a disaster is not the prevailing behavior. Whilst some cases of looting and violence have been observed after
disasters, they are the exception and not the rule. Very often people show remarkable self-determination and
will to help others. Another important behavior during and immediately after the disaster is the restoration of
community communication networks. It appears that the symptoms that occur one to two days after the
disaster are: hyperactivity, insomnia, tiredness, headaches, paleness, cold feeling, sweating, hand and body
tremor, gastrointestinal problems, anorexia, vomiting and diarrhea * Palmer 2009). These natural symptoms
are explained as general reflexes that occur after stress, and usually disappear within a few days. Apart from
these physical symptoms there is a variety of psychological symptoms. These include a continuation of anxiety
often associated with depression. A common reaction among the victims is to tell their story several times with
the obvious intention of reducing their personal anxiety. This can also happen through nightmares. This list of
long-term disorders also includes lamentation / mourning for loss of life and property, psychosomatic disorders
and a number of other clinical symptoms ( Shrubsole 1999).

5. Conclusions

It would be useful to sum up the crucial measures that should be applied in emergency situations:
e Quickly assess the health level of the affected population.
e  Establishment of a health surveillance and information system on health issues.

e Vaccination of all children from 6 months to 5 years old against measles and supply of vitamin A to
malnourished children.
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e Implementing diarrhea control programs.

e  Provision of elementary hygiene and clean water.

e  Provision of adequate accommodation, clothing and blankets.
e  Ensure at least 1900 calories per person per day.

e Establishment of health services with defined treatment protocols based on a list of essential
medicines that provide basic coverage throughout the community.

e Organization of human resources to ensure at least one doctor for every 1000 people.

e Coordination of activities and actions of local authorities, national and international organizations and
non-governmental organizations (NGOs) ((Noji 2005).
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Abstract

This study concerns Florina district and its water transmission pipe. The area under investigation is a
mountainous terrain with heavy snowy winters and high rain precipitation combined with gneisses and schists
which are the primary reasons for the slope failures. Florina water transmission pipeline is constructed mainly
of cast iron, with a length about 20km, dated back to 1960, with diameters till 300mm that supplies the city
with water.

The purpose of this research is to assess the vulnerability of Florina water transmission pipeline taking into
account earthquakes, changes in watertables and rapid snowfalls or rainfalls. Different scenarios are produced
as the prediction of the exact time, location or magnitude of landslide is not feasible because of the complex
synergy of geologic, geomorphology, tectonic, hydrologic conditions and soil formations.

A probabilistic seismic hazard analyses is implemented taking into account the geology, the geotechnical
characterization and the seismicity of the area. Three seismic scenarios with different earthquake recurrence
period (50, 100, 475years) are produced. Peak Ground Acceleration (PGA) and Peak Ground Velocity (PGV) are
estimated according to Ambrasey’s et al (1996) and Skarlatoudis et al (2003) attenuation relation, relatively.
Permanent Ground Displacements (PGD) as result of landslide’s hazard is calculated using HAZUS methodology
for 3 seismic scenarios and for “dry” and “wet” conditions. Appropriate empirical vulnerability relations for
pipelines are applied, to estimate the number and the type of the expected failures. GIS capabilities are used to
identify the areas with the more “vulnerable” parts of water transmission pipe.

Concluding, this study can be used by Florina Water Company to minimize the consequences and possible losses
for Florina citizens and enhance water transmission pipe reliability.

Key words:

Seismic Hazard, Florina, Landslides, Transmission Pipeline, Vulnerability, Seismic Risk, Pipeline reliability.

1. Introduction

The aim of this paper is to perform a vulnerability analysis of Florina’s water transmission pipe as result of wave
propagation and permanent deformation. Florina city needs 2100 m3? of water daily. The Bas-Tsair springs
provide 400 m3/day and Isvoros- Drosopigi springs through the pipeline under investigation, 1700 m3/day. Since
there are three villages (Drosopigi, Idrousa, Tropaiouhos) located along the pipeline the discharge rate of the
Isvoros-Drosopigi is 22 |/sec (Florina: 20 |/sec, Drosopigi: 0.5 I/sec, Idrousa: 0.5 I/sec, Tropaiouhos: 1 |/sec).

Although some inventory data are missing and the estimation of the location of possible water pipe damages
enhance large uncertainties, reliable assumptions are made using three different fragility relations for wave
propagation and one for permanent deformation. At first, a detailed inventory of water transmission pipe was
accomplished. Afterwards, based on the available geological data and seismicity of the area, probabilistic
seismic hazard evaluation is performed using CRISIS 2007 software. As a result, the magnitude and the spatial
distribution of strong ground motion parameters (PGA and PGV values) are computed.

The mountainous, seismically active terrain with the heavy snowy winters (rich snow that lasts 3-4 months) and
high rain precipitation in spring and autumn lead to several slope failures (rockfalls and debris flow) in the study
area. Permanent Ground Deformations herein are estimated as result of landslide hazard for the selected
scenarios. All data are digitized and analyzed through GIS environment.
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Finally, appropriate fragility curves for wave propagation and permanent deformation are used for the
estimation of the vulnerability of the water transmission pipeline. Comparisons between the spatial
distributions of estimated damages and of absolute numbers are presented in GIS maps and in Tables. Issues
such as transmission water pipe reliability and serviceability of Florina citizens are also addressed.

2. Methodology (Pipe Seismic Risk)

The seismic risk assessment methodology used in this study includes: a) extensive inventory (e.g. geometry,
diameter material, age, etc) and typology of transmission water pipeline, b) estimation of the seismic loads
(wave propagation, permanent displacements) that pose threats on transmission water pipe, c) selection of
the appropriate fragility curves and d) calculation of the damages in absolute numbers and in spatial
distribution.

The spatial distribution of ground motion that serves as seismic load transmission pipe took into account site-
effects, and geological conditions. The ground shaking is described in terms of peak ground acceleration (PGA)
and peak ground velocity (PGV) after seismic hazard study. Deformations are calculated using the approach
originally developed by Newmark (1965). Downslope deformations as result of landslides occur when the
induced peak ground acceleration within the slide mass ais (assumed to be a rigid block) exceed the critical
acceleration ac. HAZUS methodology is used, herein to estimate permanent ground deformations (PGDs) for
different scenarios.

Especially, for pipelines the seismic loading for wave propagation is described in terms of peak ground velocity
(PGV) because it is directly proportional to the ground strain. The fragility relations used to estimate water
pipeline vulnerability as result of wave propagation are: O'Rourke & Ayala (1993)- Eq. 1 used in HAZUS 2004
(NIBS, 2004), Eidinger J. & Avila E. (1999)- Eq.2 and ALA (2001)- Eq.3. These relations are empirical and are based
on data collected from actual pipeline damages observed from USA and Mexican earthquakes. The predicted
damages are given in terms of Repair Rate/ km (R.R/km) and are correlated with PGV (cm/sec) as follows:

R.R /Km = K1*0.0001*(PGV)*2%5 (Eq.1)

where: PGV- peak ground velocity (cm/sec), K1- coefficient depending on the type of pipeline (brittle, ductile).

R.R/Km = K1*1.512*(PGV)* (Eq.2)

where: PGV (m/sec) the peak ground velocity, K1: coefficient depending on the pipe material, diameter, soil &
connection type

R.R /Km = K1*0.241*(PGV) (Eq.3)

where: PGV (m/sec) the peak ground velocity, K1: coefficient depending on the pipe material, diameter, soil &
connection type

The fragility relations used in this paper to estimate water pipeline vulnerability as result of permanent
deformation is ALA (2001)- Eq.4. It is also an empirical relation based on data collected from actual pipeline
damages observed from earthquakes and can be used also for PGDs derived from landslides. The predicted
damages are given in terms of Repair Rate/ km (R.R/km) and are correlated with the expected PGD (m) as
follows:

R.R /Km = K2*11.221*PGD%3!®  (Eq.4)

where: PGD (m)- permanent ground displacement, K2: coefficient depending on pipe material, diameter, soil &
connection type

Two damage states for pipelines are considered, leak and break. In case of wave propagation, is assumed that
80% of damages are leaks and the rest 20% are breaks. For permanent ground deformation, is assumed that
20% of damages are leaks and the rest 80% are breaks.
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Consequently, the vulnerability of the system is stemmed from the combination of the seismic ground motion
and the fragility curves. The evaluation of transmission pipeline damage is then, defined in terms of pipe failures
via GIS.

3. Study area- Transmission Water Pipe

The area under investigation is located in the South-East of Europe and in the North-West end of Greece
especially in the area of Florina to Drosopigi district (Fig. 1). It is mountainous, about 360km?, with heavy snowy
winters and high rain precipitation in spring and autumn.
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3.1 Geology/ Seismicity/ Soil Characterization/ Hydrological conditions

According to the geotectonic manifestation of the Internal Hellenides zones in Northern Greece the region
belongs to Pelagonian (Pl) zone (Mountrakis, 1983). Pelagonian zone consists mainly of crystalline schistoid
(slate, gneisses, amphibolite) semi metamorphic (volcanic rocks), carbonic (limestone, marbles), ophiolite and
sedimentary rocks. The petrography of the study area consists mainly of Gneisses, with small appearances of
Granite, Mesozoic quaternary sedimentary and volcanic-sedimentary rocks.

The combination of the structurally adverse discontinuities in the weathered front of gneiss, the rugged
topography with steep slopes with gradient varied from 40°- 60°, are responsible for slope instability problems.

The total annual value of rainfalls for Florina region (Period 1961- 2000) according to National Meteorological
data is between 500-700mm and the rainfall intensity ranges between 51- 58 mm/day (January — May), with
peak hourly rainfall 83,7mm and 102,0mm (24h) in winter months. The annual rainfalls in the area was
1080,4mm during 2010. Heavy snowfalls have been observed in the area in the period 2013- 2015 while in 2014
the annual average rainfall in the area was 652,5mm with a minimum temperature falling down to -15°C (winter
2014-2015). According to the hydrological classification, the hydrographic network is dense with a dendritic
drainage pattern and numerous streams in the toe that are responsible for subsurface flows and inner erosion
of the bedrock formations. The study area has a small drainage basin and the water from the springs and from
the rain precipitations supply lakes Petron and Keli.

Six large shallow earthquakes (Kozani, 1695, M=6.5, VII; Kastoria, 1709, M=6.0, VII; Kastoria, 1812, M=6.5, VIII;
Siatista, 1894, M=6.1, VII; Albania, 1960, M=6.5, VIII+; Grevena, 1995, M=6.6, IX+) occurred in the broader
territory in the last 300 years with the two of them (1709 & 1812 events) close to Drosopigi village. Moreover,
according to Greek Aseismic Code and seismotectonic zonation of Greece, the area is located in Zone I, with
maximum value of PGA, 0.16g.
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3.2 Seismic Hazard

Probabilistic Seismic Hazard Analysis (PSHA) for the area is conducted using CRISIS 2007, a code developed by
Professor M. Ordaz and co-workers of the “Institudo de Ingenieria de la U.N.A.M”, Mexico City. In CRISIS 2007,
the sources are modelled as area sources (Seismic Source Zones or SSZs) and fault sources. The present
application is performed based on area geometry modelling for sources. The seismotectonic zonation of Greece
and consequently of the region is developed by Papazachos & Papazachou, 1997; Papaioannou & Papazachos,
2000 and Vamvakaris et al, 2016. One seismic zone affects mainly the study area (N-E11). The seismic
parameters of that zone are derived from data of previous earthquakes after completeness analysis
(Papaioannou & Papazachos, 2000; Vamvakaris et al, 2016). Poisson earthquake model and Ambrassey’s (1996)
& Skarlatoudis et al (2003) attenuation relations are used for the evaluation of PGA (gal) and PGV (cm/sec)
accordingly. Soil is characterized according to Ambrasey’s (1996) classification.

The obtained results in terms of peak ground acceleration for the first two scenarios (50, 100 years) fluctuated
among 0.12g and 0.16g for the first scenario and 0.20g and 0.30g for the second, quite close with the values
suggested by Greek Aseismic Code (0.16g for 50 years’ earthquake return period and for rock sites). The results
of the third scenario (475 years) fluctuate among 0.50g to 1.50g (Fig.2). The PGV values resulted from
Skarlatoudis (2003) relationship fluctuate between 9 and 16 cm/sec for 50 years return period, 11 and 17 for
100years return period and 17 and 25 for 475 years return period.
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Fig. 2 Spatial distribution of PGA (ArcMap 10.2). Method: Probabilistic. Attenuation relations: Ambrassey,
1996, Earthquake return period: (a) 50 years, (b) 100 years, (c) 475 years
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3.3 Inventory (Transmission Pipeline)

Florina’s transmission pipeline length is 20km and is installed in 1960, in depths between 2-5m. Transmission
pipeline is constructed mainly from cast iron (material) with diameters of 50mm (wall thickness: 9.3mm), 80mm
(wall thickness: 10mm), 125mm (wall thickness: 11.1mm), 150mm (wall thickness: 11.7mm), 200mm (wall
thickness: 12.8mm) and 300mm (wall thickness: 15.2mm). Only a small part is steel with diameter of 125mm
(wall thickness: 5mm). Water pressure in water transmission pipe ranged between 16- 20atm.

3.4 Landslide Hazard Assessment

The landslide hazard evaluation required the characterization of landslide susceptibility of the soil/geologic
conditions of a region. HAZUS methodology uses the relationship proposed by Wilson and Keefer (1985). The
site condition is identified using three geologic groups (A: Strongly Cemented Rocks, B: Weakly Cemented Rocks
and Soils, C: Argillaceous Rocks) and six slope angles (0-10°, 10°-15°, 15°-20°, 20°-30°, 30°-40°, >40 degree).
Groundwater condition is divided into dry condition (groundwater below level of the sliding) or wet condition
(groundwater level at ground surface). Landslide Susceptibility is then estimated according to geologic group,
slope angle and groundwater level. Critical acceleration is estimated for the respective landslide category. The
permanent ground displacements are determined using the following expression:

E[PGD]=E[d/a ]-a,-n  (EQ.5)

where: E[d/als]: expected displacement factor, ais: induced acceleration within the slide mass (in decimal
fraction of g's), n: number of cycles.

Seed and Idriss (1982) relationship is used to correlate number of cycles and earthquake moment magnitude
(M).

For relatively shallow and laterally small slides, ais is not significantly different from the induced peak ground
surface acceleration (PGA) as predicted by seismic hazard assessment.

A relationship derived from the results of Makdisi and Seed (1978) is used to calculate the displacement factor
d/ais as a function of the ratio ac/ais. Itis assumed that there is a uniform probability distribution of displacement
factors between the upper and lower bounds.

After the application of HAZUS methodology, PGDs were estimated for two different seismic scenarios (Seismic
Scenario: 100 & 475y earthquake return period), for two different conditions (Dry/ Wet) and for two different
bounds (Upper/ Lower). For dry conditions and upper bounds, PGDs ranged from 12 to 35cm (Case: 100y
earthquake return period) and from 40 to 164cm (Case: 475y earthquake return period) — Fig. 3a & b. For the
same conditions and scenarios cases and for lower bounds, PGDs ranged from 8 to 23cm (Case: 100y earthquake
return period) and from 27 to 110cm (Case: 475y earthquake return period) — Fig. 3c & d. For wet conditions
and upper bounds, PGDs ranged from 31 to 53cm (Case: 100y earthquake return period) and from 70 to 192cm
(Case: 475y earthquake return period). For the same conditions and scenarios cases and for lower bounds, PGDs
ranged from 20 to 35cm (Case: 100y earthquake return period) and from 47 to 129cm (Case: 475y earthquake
return period).
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Fig. 3 PGD (cm)- HAZUS Methodology, Dry Conditions (a) Seismic Scenario: 100y, Upper Bounds, (b)
Seismic Scenario: 475y, Upper Bounds, (c) Seismic Scenario: 100y, Lower Bounds, (d) Seismic Scenario:
475y, Lower Bounds.
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4. Pipeline Vulnerability

Applying O’ Rourke & Ayala (1993) and Eidinger J & Avila E (1999) fragility relations a total number of 0 damages
for seismic scenarios 50y and 100y earthquake return period is estimated as result of ground shaking. O’ Rourke
& Ayala (1993), Eidinger J & Avila E (1999) and ALA (2001) estimate 1 leak in case of 475years earthquake return
period (Table 1).

Table 1 Estimated damages of water transmission pipe (wave propagation)

O’ Rourke & Ayala (1993)  Eidinger J & Avila E (1999) ALA (2001)

50y 100y 475y 50y 100y 475y 50y 100y 475y

9to16  11to17 | 17to25 9to16 11to1l7|17to25| 9to16 | 11to17 | 17to 25

0 0 1 0 0 1 0 1 1
0 0 0 0 0 0 0 0 0
0 0 1 0 0 1 0 1 1

The spatial distribution of pipeline damages in the case of permanent ground deformation is illustrated in Fig.
4 for the two seismic scenarios (100y, 475y) and for dry/ wet conditions (lower bounds) after the application of
ALA (2001) vulnerability relation. No damages are expected for 50y earthquake return period scenario.

Moreover, the expected failures are illustrated in Table 2 & Table 3 for the scenarios (100, 475y earthquake
return period) for the calculated PGDs.

Table 2 Number of Pipeline failures (Vulnerability relation: ALA, 2001; Soil Conditions: Dry)

N.b of cycles n=2

Soil Conditions Dry

Earthqg.Ret.Period 100y 475y

Bounds of PGD Upper | Lower | Upper Lower
Number of failures 10 9 14 13
Breaks 8 7 11 10
Leaks 2 2 3 3

Table 3 Number of Pipeline failures (Vulnerability relation: ALA, 2001; Soil Conditions: Wet)

N.b of cycles n=2
Soil Condition Wet
Earthq.Ret.Period 100y 475y

Bounds of PGD values | Upper | Lower | Upper | Lower

Number of failures 36 32 48 43
Breaks 29 26 38 34
Leaks 7 6 10 9
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Fig. 4 Pipeline Vulnerability (Case: Permanent Deformation) (a) Seismic Scenario: 100y; Condition: Dry;
Lower Bounds; Fragility curve: ALA (2001), (b) Seismic Scenario: 475y; Condition: Dry; Lower Bounds;
Fragility curve: ALA (2001), (c) Seismic Scenario: 100y; Condition: Wet; Lower Bounds; Fragility curve:

ALA (2001), (d) Seismic Scenario: 475y; Condition: Dry; Lower Bounds; Fragility curve: ALA (2001)

5. Conclusions

The vulnerability assessment of Florina transmission pipeline is an important (initial) step for global risk
management for the city. It can be accounted for pre-earthquake retrofitting and post-earthquake actions, for
the estimation of restoration time and for the preparation of mitigation strategies. Moreover, it can be use to
predict the possible consequences in terms of economical cost, personnel, equipment and materials needed to
minimize the necessary restoration time. Special attention should be given to landslides as it is direct connected
with pipeline loss of serviceability. The expected failures as results of landslides in term of breaks (total loss of
serviceability for the citizens) for dry conditions and seismic scenarios 100y and 475y return period ranged
between 7- 8 breaks and 10- 11 breaks respectively. Moreover, the expected breaks for wet conditions and
seismic scenarios 100y and 475y return period, ranged between 26- 29 breaks and 34- 38 breaks respectively.

The obtain results, showed that several measures should be taken in account for slopes stabilization to enhance
water transmission pipeline reliability and ensure water serviceability for all the affected population.
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Abstract

In the scope of this paper, a recently developed GIS based methodology for the road accidents black spots
assessment is described, which was developed by the Technical Chamber of Greece/Department of Western
Macedonia (TCG/DWM) and was included in the Best Practices Guide of the Interreg Europe Project
“Interregional Learning towards Sustainable Mobility in Europe: the REGIO-MOB Experience”, in which the
Region of Western Macedonia is a partner and the TCG/DWM is a stakeholder.

The aim of the methodology was the assessment of 700 km of the national road network of the Region of
Western Macedonia with regard to road safety. The study included: identification of the dangerous road
locations (black spots) based both on the data provided by the Traffic Police and on on-site inspections. With
regard to the on-site inspections, 183 black spots were identified with their geographical coordinates,
photographic documentation and an outline of the problem described. Thus they were all recorded digitally
with the use of ArcGIS software.

The methodology presented and the GIS application produced can become a very useful tool for public
authorities responsible for road safety, by adding black spots or maintenance updates of the existing ones and
targeting measures ensuring road safety of the users. The application could be upgraded by its integration into
vehicle safety systems in order to provide real time information to the road user. The added value of the
application presented is high with regard to the relatively low overall cost and the immediate and future
benefits in the health, socio-economic and environmental sectors, since the methodology can be easily adapted
and adjusted by other regions.

Keywords: road safety, road accidents, black spots, regional mobility, GIS, ArcGIS

1. Introduction

Road safety is considered as a significant topic world-widely, both at national and international level. The
consequences of road accidents are significant for the social, economic and political level of a city, a region or
a country. The efforts to address the problem, more or less systematically, aim to reduce the number of road
accidents and the severity of their impact. An important step in this direction is to investigate the causes of
accidents and to identify possible differences according to the location of an accident.

The methodology presented in this paper was recently developed by the Technical Chamber of Greece /
Department of Western Macedonia (TCG/DWM) and was included in the Best Practices Guide of the Interreg
Europe Project “Interregional Learning towards Sustainable Mobility in Europe: the REGIO-MOB Experience”
(Christopoulou P., 2017), in which the Region of Western Macedonia is a partner and the TCG/DWM is a
stakeholder.

The Technical Chamber of Greece (TCG) is the official advisor of the State on all technical matters. It was
established in 1923 and is a public legal entity, with an elected administration. Its headquarters are in Athens
and has 17 branches (among them in the Region of Western Macedonia). All qualified licensed engineers in
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Greece are registered members of TCG and according to official data in January 2016, TCG had more than
100.000 active members. TCG aims at developing Science and Technology in sectors related to the economic,
social, and cultural development of the country, in accordance with the principles of sustainability and
environmental protection. (www.tee.gr)

The Technical Chamber of Greece / Department of Western Macedonia (TCG/DWM) was established in 1965.
It covers all four regional units of the Region of Western Macedonia (Grevena, Kastoria, Kozani, Florina) and its
headquarters are in Kozani. According to official data it has more than 2.000 registered members, who are
qualified licensed engineers that either live or have their business address in Western Macedonia.
(www.tdm.tee.gr)

The methodology for the assessment of road accident data using GIS technologies was developed by a working
group of six (6) engineers, all members of TCG/ DWM (Karadimou M. et al, 2012). It aims to assess road accident
data in Western Macedonia Region, in order to support the decision making process in the field of road safety.
In general, road accident data usage in Greece is limited to serve statistical purposes only, while its contribution
in decision-making process is narrowed.

2. Description of the methodology presented

With regard to road safety data in Greece, in 2014 Greece had a mortality rate of 7,3 road deaths per 100.000
inhabitants, which is less than 40% of the rate of 2000, but still above the European Union (EU) average of 5,1.
The regional data of Western Macedonia shows that in 2014 the mortality rate was 6,3 road deaths per 100.000
inhabitants, which is less than the mortality rate of Greece as a whole but also above the EU average. In 2014,
50% of fatal crashes occurred in urban areas (mainly due to the increased motorcycle and pedestrian traffic),
43% on rural roads and 7% on motorways. Since 2000, there has been a 74% decrease in road deaths on the
rural network, as almost 1.200 km of the national interurban network were upgraded to motorways.
(www.statistics.gr)

Taking these facts into consideration, road inspections of identified by statistical data black spots were
accounted as a proper tool to manage the road accident data and support the decision making process in the
field of Road Safety. In order to implement the methodology, the whole Region of Western Macedonia was
chosen as a study area.

More specifically, the study area of the on-site inspections concerns the entire national road network of the
Region of Western Macedonia (secondary, tertiary) with a total length of 700 km throughout the regional units
of Grevena, Kastoria, Kozani and Florina. The central axis and the vertical axes of the Egnatia Odos Motorway
(primary network), which are operated under the company's (Egnatia Odos S.A.) responsibility, were not
studied. Thus the methodology aims to assess the road safety of the national road network of the Region of
Western Macedonia and consists of the following general parts:

- Identification of the black spots (hazardous road locations) of the National Road Network of Western
Macedonia based on the provided data of the Statistic Service of the Traffic Police and the National
Statistic Service. At this point it must be mentioned that only road accidents where damages (death
and injuries) occur are registered by the Statistic Service of the Traffic Police.

- Identification of black spots by on-site inspections. During the on-site inspections the black spots were
identified based on the statistical data and on the expert opinion of the working group. Particular
attention was given to the network with increased traffic volume.

- Analysis of the black spots. The black spots were then defined using a portable GPS device (with ArcPad
software) and a high definition camera. The total black spots (183 points) with geographical
coordinates, corresponding photographic documentation and brief description of each inspection
were recorded on a digital map of the Region of Western Macedonia using ArcGIS software (version
9.3.1).

3. GIS Application and examples
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The GIS application produced could be a useful tool/proposal to all public authorities and entities that have
responsibility for road safety and in case they were not using GIS software, the total black spots (183 points)
were also recorded in a table consisting of the following fields:

Black spot number (a/a)
Road code

X,Y Coordinates

Regional Unit

Municipality

Corresponding photographs

Brief description of the problem.

The following Image 1 shows the map of the Region of Western Macedonia with the regional units and the black
spots, as it was produced by ArcGIS Software.

Image 1: Screen shot of ArcGIS software (Region of Western Macedonia map with regional units and black

spots) (Christopoulou P., 2017)

The following Image 2 shows a screenshot of the attribute table produced by ArcGIS software.
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Image 2: Screen shot of the attribute table produced by ArcGIS software (Christopoulou P., 2017)

The following Image 3 shows an example of the final identification with available photographs, coordinates and
description of a black spot (both identify and hyperlink tool).

Image 3: Identification of a black spot using identify and hyperlink tool (Christopoulou P., 2017)

The GIS application can also provide printable digital maps of the region, the regional units and the
municipalities of Western Macedonia, with the black spots, in case a public authority is not using GIS software.
An example of a digital map can be seen in Image 4.
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Image 4: Digital Map of the Municipality of Kozani with black spots (Karadimou M. et al, 2012)

In order to provide an example of the identification of black spots without the use of GIS software, the table
provided by the methodology is necessary (Table 1).

Table 1: Example of the methodology’s table for the identification of black spots (Karadimou M. et al, 2012)

The table provides information about the regional unit and the municipality of the black spot and a brief

description of the black spot. Using the maps and the available photos the black spot is then identified (Image
5).
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Image 5: Using the methodology’s maps and corresponding photos for tHe black spot identification
(Christopoulou P., 2017)

-

4. Results and benefits of the implementation of the methodology

There were several difficulties encountered during the implementation of the methodology but the most
important one was the coverage of the entire road network of the Region of Western Macedonia. In order to
cover the entire road network (secondary, tertiary) of the Region of Western Macedonia, the project team had
to contact several on-site inspections (total coverage of 700 km).

The results of the project, with regard to the identification of the causes of increased rates of accidents, were
very important and the following were identified as main causes (Image 6):

- Conjunction with other roads

- Direct access of adjacent commercial entities

- National road (primary) passing through residential areas

- Geometrical characteristics of road (marginal road width, inclination etc.)
- Environmental characteristics (e.g. rockfalls)

- Poor condition of road surface

- Poor road maintenance (fixing potholes and cleaning drainage facilities, replacing missing traffic signs,
guard-rails, road markings and other safety features essential to create a safe road network).
(Karadimou M. et al, 2012)
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Image 6: Examples of poor road maintenance as a cause of increased rate of accidents in the Region of

Western Macedonia (Karadimou M. et al, 2012)

With regard to the benefits of the methodology described, they were categorized in immediate and future
benefits and are the following ones:

4.1. Immediate benefits

The methodology introduced by the Technical Chamber of Greece/Department of Western Macedonia can
become a very useful tool for both policy makers, in order to target measures which will ensure the road safety
of the users as well as for the users themselves who in the meanwhile will avoid black spots due to the
information provided.

The Region of Western Macedonia gained:

- Environmental and health benefits (less injuries and fatalities because of less crashes, collisions and
casualties, less damages in road network).

- Mitigation of the impact on socio-economic aspects of road accidents (fatalities, cost of injuries etc.).
4.2. Future benefits

The cost of car crashes in Greece is estimated up to 2% of the GDP, which is a very high percentage of the
country’s economy. With regard to road safety, the proposed methodology can promote “anticipation instead
of treatment”. (Karadimou M. et al, 2012)

It can be a very useful tool for public authorities in order to add more black spots or add information about the
maintenance of the existing ones and therefore introduce this new technology in the way maintenance of the
road network is confronted in Greece by public authorities.

The methodology introduced could be upgraded by:
- Beingintegrated into the vehicle safety systems (real time information etc).

- Providing information to the user of the road (improvement of driving culture and behaviour).
(Christopoulou P., 2017)
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Overall, this methodology proved that with a relatively low cost, immediate and future benefits can be achieved
for the Region of Western Macedonia. In order for another region to apply the methodology, the basic
equipment and human resources needed are as follows:

- A computer with GIS software

- Portable GPS devices with compatible GIS software
- Digital maps of the road network of the region

- Ahigh definition camera

- Acar

- People / engineers / experts with GIS software knowledge to update the database, upload the new
entries and identify, describe and record the black spots on-site.

The strategy is common, but it is clear that each country or region adapts and refines the above mentioned,
based on the local characteristics, culture and needs. (Christopoulou P., 2017)

5. Conclusions

Road Safety is considered as a significant topic world-widely, both at national and international level. It is the
mirror of life quality and development of a country. The consequences of road traffic accidents are significant
for the social, economic and political level of a city, a region or a country.

The efforts so far to confront the problem in a more systematic way, mainly aim to reduce the number of road
accidents and mitigate the severity of their impact. Thus the main issue encountered is the investigation of the
causes of the road accidents depending on the differences between the location of the accidents.

The methodology introduced by the Technical Chamber of Greece/Department of Western Macedonia is an
appropriate analytical tool towards this direction. It introduces the use of GIS technologies by creating a
dynamic database, in a field that can lead to immediate benefits for the road users and facilitate the road
network maintenance, a difficult task to run by public authorities.
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Abstract

Computational tools for simulating the atmospheric dispersion of hazardous substances (e.g., toxic, radioactive)
in complex built-up environments (e.g., urban areas) or in larger spatial scales are presented. Hazardous
substances may be released due to accidents, natural phenomena or intentional / malevolent actions. The
complex flow patterns within urban areas necessitate the usage of mass-consistent diagnostic flow models or
computational fluid dynamics codes. In larger spatial scales (e.g., regional) prognostic meteorological data from
numerical weather prediction models are combined with Eulerian or Lagrangian dispersion models. Such
modelling tools are often integrated within comprehensive decision support systems and are connected to
modules that calculate exposure or dosages, depending on the substance type (e.g., gamma radiation doses
due to the radioactive cloud and the material deposited on the ground). Dispersion models can be used either
for forward-in-time or for backward / inverse computations. The latter are employed when a hazardous
substance has been detected but its origin is unknown at the time of detection. These might be cases of un-
announced technological accidents or covert malevolent releases. In such cases the results of inverse dispersion
modelling simulations are combined with the existing measurements through statistical methods to estimate
the location of the release and the quantity of the released material. The paper shows application examples of
different computational tools demonstrating their exploitation potential and suggests approaches for their
operational applicability in emergency response and recovery situations.

Keywords: atmospheric dispersion modelling, decision support, emergency preparedness and response

1. Introduction

The purpose of this paper is to present computational systems or tools that are or can be used in cases of
accidents or malevolent actions that result in atmospheric releases of hazardous substances (radioactive, toxic,
etc.) to prognose or diagnose the dispersion of these substances, to estimate the dosages to the population and
to support the decision making process for application of countermeasures for mitigation of the consequences
and restoration to normal situation. Typical examples are direct releases of toxic or otherwise harmful
substances due to industrial accidents in chemical processing plants or accidents during the transportation of
such substances or fires that result in the formation and dispersion of hazardous material.
In particular for radioactive substances, some conceivable scenarios of nuclear or radiological events that could
result in the exposure of the population to radioactivity are the following:

¢ Accidents in nuclear installations, such as nuclear power plants, nuclear research reactors, nuclear fuel-

processing installations or radioactive waste repositories;

e Transport accidents with radioactive material involved;

* Accidents in military installations or during military operations;

*  Lost radioactive sources (e.g., from hospitals);

e Satellite return;

¢ Other events involving the uncontrolled exposure or spread of radioactivity
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Besides the above mentioned accidental releases, scenarios of intentional / terrorist radiological acts are
studied by the competent authorities:
* Improvised nuclear weapon devices
* Radiological Dispersal Devices RDD
— eRDD: explosive RDD (dirty bomb)
— neRDD: a non-explosive RDD (a liquid or powder is dispersed by a sprayer system or added to
the food chain)
* Radiological Exposure Devices RED
— sealed source to expose an individual or group
— non-sealed source (largely equivalent with a neRDD)
*  Sabotage of a nuclear installation
Natural events could also result in the atmospheric releases of substances that could cause damage or harm to
human health or general activities, such as volcanic eruptions with the emission of ash.

2. Atmospheric dispersion modelling

In all the above circumstances models can be used to simulate and predict the atmospheric dispersion of the
emitted material. Atmospheric dispersion models are mathematical descriptions of the physical processes that
take place in the atmosphere, such as the transport, the diffusion, the deposition (dry and wet) on the ground
and the chemical or physical transformations of the pollutant(s). In Figure 1 these processes are depicted in the
case of dispersion of a radioactive material.

Figure 1: Natural mechanisms occurring during the atmospheric dispersion of a radioactive pollutant and
radioactivity exposure pathways

Following the emission and possibly the plume rise (due to initial higher-than-air temperature and/or vertical
velocity) the radioactive plume is transported by the wind velocity, it is diluted by the atmospheric turbulence
inside the atmospheric boundary layer and it is deposited on the ground through dry deposition and/or wash-
out due to rain (depending on the physical properties of the pollutant). The radioactive cloud irradiates the
people during its passage (externally but also internally due to inhalation) while the radionuclides that have
been deposited on the ground or other surfaces continue to irradiate after the plume passage and possibly they
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also enter the foodchain and cause irradiation due to ingestion. The atmospheric dispersion models attempt to
account for all these processes to a higher or lower detail depending on their type and complexity.

In the following, two characteristic examples of atmospheric dispersion modelling applications in NCSR
Demokritos are shown. In Figure 2 the results of a computational simulation of the dispersion of the radioactive
cloud emitted from the accident in the Fukushima nuclear power plant in March 2011 (Wakeford, 2011) is
depicted. The computations have been performed in the Environmental Research Laboratory of NCSR
Demokritos using the HYSPLIT model (Draxler and Hess 1997). This is a planetary-scale application of a
dispersion model and it is apparent that after some days the plume has reached Europe. It is worth noting that
indeed the presence of radionuclides from the Fukushima nuclear accident has indeed been detected in Europe,
of course at levels below the background concentrations, nevertheless at times that agree well with the model-
predicted plume movement.

(a) (b)

(e)
Figure 2: Example of global-scale dispersion modelling: the plume from the Fukushima nuclear accident 2, 4,
6, 8,10 and 12 days (a, b, ¢, d, e and f respectively) after the start of the release on March 11t 2011,
simulated by the HYSPLIT model in NCSR Demokritos

In Figure 3, the application of atmospheric dispersion modelling in regional case is presented. The specific
example concerns a natural event and is the simulation of the dispersion of ash that was emitted from the
eruption of the Eyjafjallajokull volcano in Iceland in April 2010. The volcanic ash had caused severe problems in
aerial transportations in Europe and indeed the plume eventually covered a large part of the continent as it is
apparent in Figure 3. The shown computations have been performed with the model DIPCOT (DIsPersion over
COmplex Terrain) which has been entirely developed in the Environmental Research Laboratory of NCSR
Demokritos.
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In relation emergency response to accidental or intentional / malevolent releases of hazardous substances, the
atmospheric dispersion modelling systems can be used in different phases. In the prevention and preparedness
phase, i.e., before anything happens, the models can be used for studying scenarios taken from an inventory of
threats and for creating databases of results that can subsequently be used for planning and performance of
exercises and training of personnel or for design and optimization of monitoring / detection systems. In an
actual emergency phase ready-to-use and fast computational tools can be applied to prognose the evolvement
of the event or— through assimilation of monitoring data— for the determination / identification of an unknown
emission source. The models can support the decision making for application of countermeasures for reducing
the population exposure to the hazardous substance and the resulting dosage. In the recovery phase after the
emergency situation measurement data start playing an increasing role. Combined use of all existing
measurement data with model-results can assist to reconstruct the evolution of the event and in planning
depollution and recovery actions. Based on the lessons learned models can be applied for a potential re-design
of systems and processes and planning of response to another potential event.

F- - « . il T
Figure 3: Example of regional-scale dispersion modelling: simulation of dispersion of ash from the eruption of
the Eyjafjallajokull volcano in Iceland in April 2010

3. Computational systems

3.1JRODOS

JRODOS (Java-based Real-time On-line DecisiOn Support - https://resy5.iket.kit.edu/JRODOS/) is a
comprehensive decision-support system that has been developed — and continues to be expanded — by a large
European consortium of institutions involved in nuclear-safety research with funding from the European
Commission through EURATOM research framework programmes. JRODOS is designed to estimate the
radiation doses to the population through different pathways as consequence of nuclear or radiological
accidents or incidents in medium to large spatial ranges from the point(s) of release of radionuclides. Currently
JRODOS is installed and functions operationally in several organisations that are responsible for the radiation
protection. Figure 4 presents the modular structure of a comprehensive computational decision-support system
such as JRODOS.

The system requires input data, mainly prognostic meteorological data, radionuclides emission data (spatial
coordinates of the release, emitted quantities — that can be variable in time, and conditions during the release)
and topography and land-cover data for the area under consideration. Based on the above data, a dispersion
model calculates the radionuclides concentration in air and their deposition on the ground. Models that
calculate radiation doses to the population (from different pathways, both internal and external) come into play
next. Finally, the system proposes the appropriate countermeasures to reduce the doses and to recover
towards the previous situation.
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Figure 4: Databases, models, results and flow of information in a computational decision-support system such
as JRODOS

The NCSR “Demokritos” and the University of Western Macedonia have contributed in the development of
JRODOS by developing and integrating the meteorological data processing module of the system
(Andronopoulos and Bartzis 2009) and the atmospheric dispersion model for complex topographies DIPCOT
(Andronopoulos et al. 2009). Recently NCSR Demokritos has been actively involved in the development of an
inverse-modelling algorithm to estimate the unknown emitted quantities of radionuclides based on the
available measurements of radiation and results of the dispersion model.

In Figures 5, 6 and 7 some indicative examples of JRODOS results are presented for the case of a hypothetical
nuclear accident in central Europe with real meteorological data.

v
--» Aif concentration near ground, time integrated. Xe-133 [Bq- sim?, 08.02.2015 1200 (UTC)
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Exercise
. Maximum valug: 2.33E10 Bg-s/m*
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Figure 5: Example of JRODOS results for a hypothetical accident in a nuclear power plant in central Europe:
time-integrated activity concentration in air of the radionuclide Xenon-133, 48 hours after the start of the
release
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Figure 6: Example of JRODOS results for a hypothetical accident in a nuclear power plant in central Europe:
cloud arrival time (h) at different distances from the release location
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Figure 7: Example of JRODOS results for a hypothetical accident in a nuclear power plant in central Europe:
effective dose (mSv) from all nuclides and form all pathways (except ingestion) for adults and for life-time
period

3.2 ADREA-HF

ADREA-HF is a computational fluid dynamics (CFD) model developed in Environmental Research Laboratory of
NCSR Demokritos and Environmental Technology Laboratory of University of Western Macedonia (Bartzis 1991;
Andronopoulos et al. 1994, 2002; Venetsanos et al. 2010). It is especially designed to calculate the flow and
dispersion in complicated geometries (out- and in-doors). ADREA-HF is an Eulerian model for solving the
unsteady Reynolds-averaged Navier-Stokes (RANS) equations, with a recently-implemented Lagrangian
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particle-dispersion model. Several turbulence closure and numerical solution schemes are implemented in the
code and can be selected by the user.

As example of an ADREA-HF application, in Figure 8 the results of the model are presented from a simulation of
dispersion of an instantaneous release of a passive gas inside a real urban area. It is the computational
simulation of a real-scale experiment that was performed in the city of Oklahoma in the USA in July 2003
(Allwine et al. 2004). The experiment that has been calculated by ADREA-HF concerned the instantaneous
release of a “passive” tracer (i.e., a gas of density equal to the air) intending to simulate the explosion of an
RDD. In the case shown here the wind was blowing from south-west. Figure 8 depicts the model-calculated
near-ground concentration of the tracer gas (pptv) between the city buildings at 1, 5, 10 and 20 min after the
instantaneous release.
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Figure 8: ADREA-HF-calculated near-ground concentration of the tracer gas (pptv) released instantaneously
between the Oklahoma-city buildings at 1, 5, 10 and 20 min after the release. The wind blows from south-
west.

3.3QuiC

QUIC is an atmospheric dispersion modelling system developed at the Los Alamos National Laboratory (USA)
(https://www.lanl.gov/projects/quic/). QUIC has been designed to calculate the wind flow and pollutant
dispersion in a small spatial scale and in particular between buildings inside urban areas. The modelling system
comprises two flow models (an empirical / diagnostic mass conserving model and a simplified CFD model), and
a Lagrangian-type dispersion model. It includes user interfaces for easy input of buildings geometry, of
meteorological data, selection of release scenario from an available list and a database of hazardous substances
with corresponding physical properties.

As example of QUIC application, Figures 9, 10 and 11 present results of QUIC of calculations performed in NCSR
Demokritos for a hypothetical RDD explosion in the centre of Athens (Papathanassiou et al. 2014). The
computations were performed in the framework of a European-Commission-funded research programme
(“Implementation of an RN emergency system in Eastern Mediterranean - IMAGES”). The simulated scenario
concerns the explosion of RDD in Athens centre and the subsequent dispersion of 3.7 x 102 Bq of radioactive
Cobalt-60 in particulate form. The wind speed and direction are time-varying. Time-integrated concentrations
in air, deposition on ground and dosage due to inhalation are presented in Figures 9, 10 and 11.

220



SafeKozani 2018 - 5th International Conference on Civil Protection & New Technology - Proceedings

Dosage at = 1.3 (meters) Time = 2400 {sec)
T

T

Figure 9: Time-integrated concentration in air (g.s/m3) of Co-60 calculated by QUIC for a hypothetical scenario
of an RDD explosion in the centre of Athens

Figure 10: Deposition on ground (g/m?) of Co-60 calculated by QUIC for a hypothetical scenario of an RDD
explosion in the centre of Athens
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Figure 11: Dosage due to inhalation (g) of Co-60 calculated by QUIC for a hypothetical scenario of an RDD
explosion in the centre of Athens

4. Modelling uncertainties

In the framework of the topic of this paper, by modelling uncertainties we mean the deviations that occur
between the model results and the reality as observed through measurements. It is common to distinguish the
following sources of uncertainties in the model results: (a) uncertainties in input data (e.g., meteorology,
release), (b) “Internal” model uncertainty (due to modelling assumptions, simplifications, etc.) and (c) the
stochastic nature of the atmosphere (turbulence). The first two sources of uncertainties can in principle be
reduced while the third one not. Assessment of modelling uncertainties is usually performed through
comparison of the model results with experimental data or with other models results and through sensitivity
studies (how much do the model-results vary in response to variations in the model input data). It is noted that
the user of a model must be aware of the particular model level of uncertainties for the specific type of
application and should pay attention to the model specifications and the model suitability in relation to the
intended application. It is also noted that in relation to uncertainties in the model input data for emergency
cases, the worst case scenario is not always the best option as the resulting countermeasures may be unfeasible
or negative consequences of excessive countermeasures are possible to occur.

5. Inverse modelling

There may be cases where the source of a hazardous substance release is unknown. Such cases could be un-
announced technological accidents (as for example the Chernobyl accident that was announced by the Soviet
Union several days after its occurrence, while radionuclides had already been detected in Sweden and
elsewhere) but also terrorist/ malevolent actions that most probably would be covert.

In such cases the available information would consist of the measurements that have detected the pollutant at
different places and times. Also known would be the past and present meteorological conditions. The scientific
community has developed in the recent years several mathematical techniques that combine dispersion model
results with measurements (through a process known as “data assimilation”) in order to identify the position
of the unknown source and to assess its “strength”, i.e., the quantities of the released substance. The
uncertainty of these methods depends on many factors, among which the number of measurements, the quality
of the dispersion model results, etc.
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6. Conclusions

Several different computational tools are currently available to simulate the atmospheric dispersion of
hazardous substances from accidental or even intentional (malevolent) releases and to support the decision-
making process for application of countermeasures to reduce the doses to the population and to recover to the
previous situation. Different tools are suitable for cases of atmospheric dispersion in medium to long ranges
(some kilometres to thousands of kilometres) and for dispersion in the near-range in complicated built-up
(urban or industrial) areas (tens to hundreds of metres). The model complexity and the subsequent
requirements for computational time and resources in general is a crucial factor for the selection the
appropriate model to use, considering also the complexity of the intended application and the time that is
available for obtaining the results. In any case the uncertainty in the model results must be known and taken
into consideration. Recently inverse modelling techniques have been developed that allow for the assessment
of the location and strength of an unknown source emitting a hazardous pollutant.
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Abstract

The vast development of solar power applications in last decades has led nowadays into an increasing number
of buildings incorporating photovoltaics which produce electricity, contributing to the electrical power supply.
It is a fact, however, that many solar power units installed lots of years ago are now aging, and many of the
installed applications could lead to fire development, due to their potentially improper installation, and lack of
maintenance. On the other hand, until recently little was known about the dangers imposed in fires involving
photovoltaic systems, with firefighters worldwide having a scarce knowledge of proper ways to manage such
fire safely and effectively. To this purpose, a number of guidelines both in Greece and other countries have
been developed aiming at the protection of firefighters from the risks associated with fires in solar power units,
and also at the actions taken for their successful fire suppression. This paper focuses on the analysis of these
guidelines, under a literature review methodology, highlighting the most common causes of fires in
photovoltaics, and the dangers regarding the firefighters’ operational safety. The purpose of this study is to
review the risks imposed at firefighters’ health when engaged on incidents of fires in solar power systems, and
the suggested firefighting methods according to international standards and guidelines. The study’s results can
be a useful resource tool aimed at enriching emergency responders’ knowledge, both in fire suppression
techniques, as well as in safety concerns about the health hazards linked to such fires.

Keywords: photovoltaics, firefighters, electric shock, accident prevention, safety, fire risk

1. Introduction

Photovoltaic (PV) applications are a relatively new power generation technology that has been widely
developed in recent years, especially in the developed countries like the EU Member States (EEA 2017). The
benefits of PV systems is one of the main reasons for its rapid development, since the sunlight is a readily
available, inexhaustible, and environmentally friendly natural resource (Markvart & Castaner 2003). Moreover,
the owners of PV systems have considerable monetary benefits, since they can have an autonomous domestic
electricity production system, being able either to use its electrical energy as autonomous power consumers,
or to sell the excess energy they produce by supplying with electricity the local grid. These advantages,
combined with public incentives for the promotion of use of PV systems in many countries, such as Italy, Greece
and Germany, has resulted to an increasing number of solar power systems installations in the EU (EEA 2017).
This is also the case in other continents: in California, for example, between 2001 and 2009 there were about
50,000 residential and commercial solar projects in total (CAL FIRE 2010), and also in Australia with 1.5 million
plants producing approximately 5,000 MW per hour per year (Chiaramonte et al 2016).
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Figure 1. Solar PV Electricity Production between 2005-2016 (EEA 2017)

As the number of installed PV units increases every year, and also since the older solar applications begin to
deteriorate in terms of material performance, there are certain cases of fire incidents caused or involving solar
panels in many countries around the world (Ju et al 2017). In detail, during recent years there have been reports
of a number of fires on domestic roofs, schools and other public buildings, with the PV system or associated
equipment often reported as the cause. For example, in Australia during the past five years, the Victoria's
Metropolitan Fire Brigade has responded to more than 40 fires involving solar panels (Laukamp, Grab & Schmidt
2012). Fires involving solar panels may be infrequent, but when they do occur, they present additional
challenges to the fire fighters, since the hazards that exist in fires involving PV systems are identical to the fire
risks associated with electrical equipment. It is, therefore, extremely important that these risks need to be
addressed and carefully considered, in order for firefighters in all countries to familiarize with their potential
causes and the procedures to be followed in such fire incidents, including preventive and corrective measures,
always with respect to their health safety.

Firefighting guidelines are, therefore, necessary to be provided, since fires in solar power systems involve many
combined risks, such as electric shock, toxic fumes emissions, explosions, and rooftop collapse (Hellenic Fire
Brigade 2015). For this reason, the purpose of the work is the analysis of the PV systems working principles, so
as for fire brigade officers to identify and recognize the markings and components of a solar power system, and
the review of the firefighting tactics and protection measures to be applied in PV system fires, with respect to
the associated dangers of these incidents to the health of a firefighter.

2. How photovoltaics work

A PV system exploits energy in the form of light from the sun, transforming it into electricity for use either on-
site or on the local grid network. It generates direct electrical current which is then transformed into alternating
current for domestic and grid power supply. PV systems are divided into 2 types: the interconnected and the
standalone applications (Markvart & Castaner 2003). The first is directly connected to the local power grid,
where part of solar energy is converted into electricity to meet building needs, and the excess electricity is
supplied to the grid. At times when electricity is not favored enough to meet the house's energy needs, as during
the night for example, electricity is reversely supplied from the local power grid to the building. As for the
second type, it is independent of the local power grid; standalone PV systems are purposed only for domestic
power use by their owners. The electricity supplied by the PV unit in these applications is solely used to meet
the energy needs of the building and batteries are used for the storage of the surplus electricity they generate,
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which can be used as a back-up power supply unit when electrical power from PV units is not sufficient or not
produced at all, such as during the night or a cloudy day (Giraud & Salameh 1999).

2.1 Components of a photovoltaic system
A typical solar PV system typically consists of the following units:
2.1.1 Modules:

A module’s composition includes a number of typically around 50-72 square- or circular-shaped PV cells of
sufficient durability, since they are protected by anti-reflective glass and a plastic cover. Electricity is generated
through them when exposed to sunlight. The connection that exists between modules allows the electrons to
move into the system. A group of cells is called a module, a group of modules in series is called a string, and a
string group forms an array, as shown in the Figure 2 below. A PV module weights approximately 12.6 kg/m?
(Battisti & Corrado 2005).
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B EE,
e e PP et et Power grid
i L] 55 uﬂ AC o
“ H H -. Conversion
PV module group
PV array
PV plant

Figure 2: Configuration of PV systems (La Manna et al 2014)
2.1.2 Inverter

Its purpose is to convert the DC produced in the PV array into AC, which can be used by the consumer or be
supplied to the power grid, as shown n Figure 2. Depending on the purpose they serve, there are several inverter
types available in different sizes, such as the microprocessors and the system inverters. The microprocessors
convert the DC of each unit into AC. That's why their location is usually next to or embedded in each individual
PV module. Instead, the system inverters receive power from multiple arrays and are located close to the device
or inside the building in an auxiliary room (CAL Fire 2010).

Figure 3: Inverters with their disconnect switches used in PV units (Hellenic Fire Brigade 2015)
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2.1.3 DCisolation switch

For safety reasons, electric systems must be equipped with a manual disconnection device. This is normally
used to protect technical personnel from electric shock during system maintenance. In addition, a manual
disconnection switch allows any user to interrupt the circuit if there is an emergency. Since solar power systems
convert energy from the sun into electricity, a Direct Current (DC) generation in PV arrays is continuous during
daylight hours. To this purpose, the DC isolation switch (or DC Isolator) is one of the most important parts of a
solar power system regarding safety. Its role is to isolate the part of a photovoltaic system which flows through
DC current (Chiaramonte et al 2016). It is installed between a DC array and the unit’s inverter. Positioned
adjacent to the inverter, the DC isolator switch provides a choice of manually isolating the PV array during
system installation, in case of emergency or any subsequent maintenance. Germany, the Netherlands and some
other European countries require inverter manufacturers to configure with built-in DC Isolators, while countries
like the UK, India, and Australia require that the PV systems must be installed with external DC Isolators. In PV
systems there is also an Alternating Current (AC) disconnect switch installed after the system inverter.

Figure 4: Solar PV system with a rooftop installed DC isolator switch (Chiaramonte et al 2016)
2.1.4 Alternating Current (AC) cables

They allow the AC to be transferred from the inverter to the main power supply grid. There is also installed a
power meter for recording the electrical energy produced by the PV module, and there is also installed an AC
isolation switch.

2.1.5 Batteries

In standalone solar power applications, where the PV module is not connected to the local grid and all electrical
energy produced by the modules is purposed for domestic use, batteries are commonly used as ancillary
electrical energy storage devices that store electricity generated by the solar panels during of the day when the
sunlight is available and returns it to the electrical equipment of the house or company during the night or in
cases where the electricity produced by the PV is rare or inadequate, such as during a cloudy day (Giraud &
Salameh 1999).

A battery consists of 5 main components: electrodes, separators, terminals, electrolytes and their casing. PV
systems use liquid electrolyte batteries, commonly known as lithium-ion batteries or acid-lead batteries, with
electrolyte being the most flammable component in lithium-ion batteries (Hellenic Fire Brigade 2015). An
alternate battery option consists of flow batteries, which store energy in liquid electrolytes rather than on
electrodes. They are charged and discharged without affecting their service life due to the production of
batteries from plant carbon waste (Laukamp et al 2012).
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Figure 5: Batteries of a standalone PV system (CAL FIRE 2010)

3. Main fire causes in PV systems

The development of PV systems and their widespread use has been associated with an increased number of
fires in areas where they have been installed. For example, it is estimated that in Italy there were approximately
600 fires involving PV systems during 2012 (Fiorentini et al 2015), while there have been also reported fire
incidents involving solar power systems in Japan, USA, Germany and the UK (BRE 2017, Namikawa et al 2017).
Such fires either included PV systems, or they were a fire extension that had preceded a forest-rural area or
originated exclusively from them. Especially during the early development stages of this new technology, due
to a limited database and previous experience about the specifications and product standards of PV systems,
there were in fires in PV systems stemming from the use of inappropriate material and defective equipment,
such as inverters, fuses and wrong connections in the DC section, where high arc temperatures were developed
(BRE 2017).

Figure 6. Rooftop PV fire in Scwerinsdorf, Germany in February 2010 (Laukamp et al 2012)
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According to recorded databases, another main cause of fires in PV systems was attributed to the lack of
qualified personnel, which resulted in the faulty installation of system components, such as incorrect
management of shading and exposure to inappropriate conditions, crushing of wiring during installation, lack
of external DC disconnect switch, while there have also been reported some fire incidents in self-installed solar
power systems, where the do-it-yourself practice from the owners resulted into the inappropriate installation
and operation procedure which led to a fire (CAL Fire 2010). Over time, however, such incidents have been
decreasing due to the development of specific national regulations, product standard specifications, including
fire safety applications and guidelines for installation and operation procedures. Standards for testing the
performance of solar panels have been developed at an international level. While some address electrical
performance, others address safety of the modules with respect to construction and operation. These safety
standards also address fire behavior. The safety standards applied are the IEC 61730 in Europe & Asia, and the
ANSI/UL 1703 in North America. Both standards are very similar and contain elements of fire testing based on
ASTM E-108/UL 790, “Test for Fire Performance of Roofing Materials (Allianz 2012). As a result of the improved
know-how and the better standards applied and developed in the PV industry, the number of fires coming from
PV systems due to faulty installation and operation and the lack of specific guidelines has been reduced in recent
years.

There is still, however, the risk of fire in PV systems due to a short circuit and electric arc. Under fault conditions,
short circuits may occur, resulting in the occurrence of high temperature electric arcs. Typical causes of a short
circuit can be, for example, the rainwater entering a PV system’s isolation switch that is not insulated. Electrical
arcing is the flow of electrical energy through an air gap through ionized gas molecules. Whilst air is normally
considered as a non-conducting medium, a high potential difference (voltage) between two conductors in close
proximity can result into the air molecules braking down into their ionized constituents, which can then carry a
charge from one electrode to the other. The temperature of an electrical arc depends on the level of current
flow, which for a typical PV system is sufficient to melt glass, copper and aluminum, thus initiating the
combustion of surrounding materials. Even though electrical arcing is not considered an issue for AC systems,
in DC systems due to the continuous of voltage, once an arc has been initiated, DC current tends to support its
continuation (BRE 2017).

A typical example of the main causes resulting solar fire incidents, is shown below in Figure 7. As can be seen
by the graph, these are mainly associated with rooftop DC isolators, which is considered as the main cause in
PV systems fire incidents in the UK and Australia according to recent reports (Chiaramonte et al 2016, BRE
2017), improper installation services, solar panels, batteries, inverters and other system components. In Figure
8 a PV system fire due to DC isolator malfunction is presented.

Causes of Solar Related Fires Known by Installers
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n

| I I

O
Rooftop DC oktor mproper Solar Panels Dther I erter
nstaliation

Causes

Figure 7. Causes of solar-related fires reported by installers in Australia (Chiaramonte et al 2016)
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Figure 8. Localized PV fire where the left DC isolator is completely missing with the next DC isolator and
inverted also being damaged by fire (BRE 2017)

4. Dangers imposed from fires involving PV

As previously mentioned, fires in PV systems involve the same dangers as those of a fire in an electrical system.
One of the main dangers a firefighter can face when operating in a PV system fire event is an electric shock.
Electric shock is an invisible hazard that a firefighter cannot always be aware of its existence. Cut or naked wires,
short circuit and electric arcing, non-grounded PV system cores are some of the most known common cases of
electric shock risks threatening the life and safety of the firefighter, such as was the case of an incident reported
in Rosrath, Germany, even though this accident was subjected to a solar thermal system Laukamp, Grab &
Schmidt (2012, which also includes many system components similar to those of a PV unit, such as electrical
wiring and panels. Even though solar systems are considered to be operating only during daytime, it is worth
mentioning that there could be also the risk of a PV system being energized even under night operations, due
to the existence of artificial light, such as the lights of a fire engine, or lamps of the local electric grid located
nearby the solar power unit.

Furthermore, where PV systems are connected to batteries, additional risks are to be considered. This is
because the batteries used contain flammable and explosive substances. In particular, lead-acid batteries
contain sulfuric acid which, when exposed to fire, releases explosive and noxious fumes. Similar is the case for
lithium-ion batteries containing liquid electrolyte, where it is irritating when it comes into contact with skin and
eyes and produces toxic hydrogen gas which can rapidly ignite. Since batteries are usually stored in closed rooms
with limited ventilation, the aforementioned issues are of particular importance when firefighters are operating
in standalone PV system fire incidents, while it is suggested that information shall be provided on whether
batteries are included also in fires of grid - connected PV systems (Hellenic Fire Brigade 2015).

Another point which needs to be addressed is the risk of inhalation of harmful substances from the combustion
of the materials of which the PV system components are made. Elements such as silicon, phosphorus, boron,
cadmium, tellurium, arsenic and gallium are contained between the glass and a plastic substrate, which when
released in the surrounding atmosphere of a PV system fire pose an additional health risk to operating units
due to inhalation (CAL Fire 2010). Dense smoke emitted from the burning PV system components also limits
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the firefighter’s visibility, which is also to be considered, since wires with burnt insulation are “invisible”
(Laukamp 2012).

Itis also considered as a serious risk that firefighters involved on ceiling mounted PV system fires are threatened
by additional hazards such as falling from the roof (e.g. in case of slipping on the inclined solar panel). Such a
risk is greater also in night operations, where there is limited visibility due to darkness or dense smoke emitted
from the fire. It is also useful to be mentioned that the rooftop area during a fire operation may become slippery
from the foam or water application, due to the materials (glass, metal, ducts) installed the PV systems and the
panel’s inclination (Namikawa et al 2017), thus increasing the chances of a falling accident.

Moreover, the additional weight of the personnel operating in the roof, the amount of foam applied and the
weight of the PV system itself can increase the maximum acceptable load and lead to its partial or total collapse
if it is not built to withstand extra weight, such as the case shown in Figure 9 below. The failure of the roof and
its collapse can also result to the “channeling phenomenon”. This phenomenon is attributed to the gap between
the ceiling and the panels, where high temperatures are developed due to the entrapped hot air and weaken
the ceiling materials. In such cases, it is not only those who intervene on the roof, but also the staff inside the
building which are subjected to a considerable risk of a fire injury (Hellenic Fire Brigade 2015).

Figure 9: Roof collapse caused by a solar PV system fire (Shipp et al.2013)

Finally, it must be noted here that in cases of fire incidents where PV systems are included, if firefighters are
not aware of the existence of PV systems due to misleading or lack of information provided to the fire brigade
about the existence of a solar power system in the area, either because they are located in such a way that they
are not visible from the ground or because they might have been illegally installed (CAL Fire 2010), this may
result into endangering the lives of the firefighters involved in the operation due to previously mentioned risks
included in fire incidents of electrical systems, such as the solar power units.

5. Firefighting tactics in fires involving PV systems

Provided that they are properly installed, operated and maintained by trained personnel, the solar power
systems in general do not pose health, safety, or environmental risks under normal operating conditions.
However, with the ever-growing deployment of PV systems globally and the myriad of applications—from
traditional rooftop and ground-mounted installations to more advanced building-integrated and fagade systems
—itis becoming increasingly important to develop practices and share knowledge on the safe management and
risk mitigation of PV systems under non-routine circumstances such as fire incidents (Namikawa et al 2017).
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It is, therefore, necessary to provide continuous training (theoretical and practical) of all fire brigade officers on
topics related to extinguishing fires of PV systems. A proper training program should include the identification
of solar power system components so that firefighters can easily recognize them and address their risks in case
of a PV fire event. It is of particular importance that firefighters must be aware of the parts of a PV system which
remain active during the fire, while it is also necessary that they cooperate with all related agencies and
professionals involved in such cases, which may include specialized technicians for disconnecting the system
from the local supply grid, the owners of the PV application and the local power supply company. It is also
suggested that all relevant information including system documentation, schematics, component locations and
cable routing must be obtained, preferably under a preventive approach for the area under responsibility of
each fire department whenever possible, while sign postings on existing PV systems installed on a building, such
as these shown in Figure 10, are necessary for firefighter awareness in case of access to that building in case of
fire. A good practice by PV installers is also the fire protected installation of DC cables outside the building skin
(Laukamp 2012).
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Figure 10. Typical examples of PV sign postings on buildings (Hellenic Fire Brigade 2015)

A key factor in providing safe firefighting and firefighting techniques to fire firefighters in extinguishing a fire
involving PV systems is communication between intervention teams. Fire fighters must be able to know their
duties, understand the terminology of the PV systems, receive orders, execute them and be flexible on changes
that may occur depending on the findings, the data or even the risks during the event. According to the
suggested guidelines the intervention teams are the indoor group entering the building, the group of utilities
that deactivates each source of energy supplying the building and the roof team which operates at the top of
the building. The teams must be coordinated under the direction of the chief (CAL Fire 2010). Thus, in the first
stage, a perimeter check is performed on the scene of the event to evaluate and locate the positions of the
components of the PV system. If the fire originates from the PV system itself, such as the case shown in Figure
11, the strategy followed must be aggressive in order to mitigate the fire. In case of the fire originating from
another source located near a solar power system with a risk of spread to the PV unit, such as the case shown
in Figure 12, a defensive approach shall be used to prevent the fire from spreading. Moreover, a process of
evacuation and rescue must take place in cases of life threatening incidents.
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Figure 11. Fire developed in the Isobox unit of a PV system in Amfikleia, Greece in Spring of 2013 (Hellenic Fire
Brigade 2015)

Aggressive firefighting tactics include the use of dry chemical fire extinguishers or water in a 30-degree fog
pattern applied at 100 psi. The use of a compact spray of water or foam is forbidden because a column is created
which acts as a conductor of the electric current, which can cause an electric shock. If a solar PV system is on
fire and firefighters attempt to extinguish the fire with a hose stream of water, the energized panels can electrify
the stream of water creating an electric current travelling towards firefighters posing a risk of being
electrocuted. It is recommended that a safety distance of at least 10 meters away from the energized source
must be ensured for the firefighters (Namikawa et al 2017). In case of a PV system connected with batteries, it
is also suggested that CO: or dry chemical fire extinguishers must be used instead of water. Firefighters
unfamiliar with grid-tied systems with battery backup might assume that all interior mains circuits are dead
after the meter is pulled, while in fact they might still be live and powered from an inverter and battery bank.

Figure 12. Forest fire spread into a PV unit in Kythnos, Greece in 2012 (Hellenic Fire Brigade 2015)

It is also necessary that firefighters prior to their entry to the hot zone of fire must wear personal protective
equipment including electrically insulated tools and clothes, and respiratory devices for protection of toxic gas
inhalation and electric shock. Accidentally breaching any module with an aluminum roof ladder or while cutting
into the modules with a demolition saw can expose a firefighter to the full voltage potential of the entire series
module string. It is also extremely important to keep clothes and boots dry, since they provide little or no
protection when wet.

Another useful approach towards eliminating fire is the vertical ventilation of the building from the rooftop
team of firefighters to prevent pressure from building up. Such an approach is not suggested, nevertheless, in
cases where no information is available about the location of the cables connected to the PV system. In case
that a vertical ventilation cannot be applied, it is suggested that horizontal ventilation can be applied instead
(CAL Fire 2010). The team tasked for roof access and ventilation must also be aware that the PV module strings
on the roof are very fragile and can be energized to a DC voltage up to 600 V when exposed to light. The use of
microinverters and per-module DC optimizers is a firefighter-friendly suggested measure to be applied by solar
professionals, since individual modules in such cases operate at less than 50 Voc in full sun instead of the lethally
dangerous 600 V string (Fink 2011).
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Figure 13: Firefighters use the ventilation method (CAL FIRE — Offline of the State Fire Marshal 2010)

Finally, a general inspection of the area after fire extinguishment, also known as the mop-up process must be
carefully considered, since scene inspection after a fire is very dangerous, and PV systems can add
complications. In a midnight attic fire, for example, when the sun comes up, PV source circuits (and even the
conduit itself, if shorted to a hot wire) can become live in case that the insulation of the PV source wires has
been compromised inside the metal conduit in the attic, and shock firefighters who are trying to mop up (Fink
2011). Apart from disconnecting current switches and isolating the solar PV system from the local grid, another
suggested approach of turning turn off the system is to block the incoming light to the panel. This can be
accomplished by covering the panels with dark colored sheets, which block the transmission of light, as shown
in Figure 14.

Figure 14: Blocking light using black plastic sheets (Backstrom & Dini, 2011)
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6. Conclusions

Due to the continuous increase of PV installations and the lack of previous experience about fire incidents
including solar systems, PV-induced fires pose new challenges to Fireservice departments around the world.
Such incidents must be treated as electrical fires including potentially hazardous materials and toxic gas
inhalation, with all relevant measures to be applied in firefighting tactics and strategies. Provision of proper
training to fireservice crews is of utmost importance for their safety as well as for the effective elimination of
fires in PV systems. The purpose of this study is to highlight the key factors necessary for ensuring the maximum
possible safety of firefighters involved in solar power fire incidents. Since there is a lack of commonly practiced
international action protocols in such fire incidents, the purpose of this study is to review and present some of
the most commonly practiced approaches by fire departments in various countries.
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Abstract

Soil is a complex material whose properties often vary in the vertical and horizontal direction. From a
geotechnical perspective, quantification of soil's variability is important, because it allows for computation of a
geo-structure's reliability and for implementation within risk analyses. In this context, the present work deals
with the variability of geotechnical properties of a large spoil heap in northern Greece. The examined spoil heap
has been constructed from waste ground material from two nearby surface lignite mines. In the first part of the
paper, a brief literature review on the variability of in situ soil properties is provided, and the principles of major
statistical parameters, often used in geotechnical literature, are briefly presented. In the second part of the
paper, results of statistical analysis of a large database are presented. The database contains data from lab
testing of 100 samples from 10 boreholes, each about 40 m deep, drilled in the spoil heap's body. Index
properties, physical properties, and shear strength and compressibility parameters are statistically treated and
relevant parameters (mean, median and characteristic values, as well as coefficients of variation, skewness, and
linear correlation) are revealed. Results are critically discussed and compared with data previously published in
the literature. A major conclusion drawn from this work is that the spoil heap's body is highly heterogeneous,
and a significant outcome from the work is the quantification of this variability. It will be shown that the
variability of spoil properties exceeds the usual variability from in situ ground material.

Keywords: soil mechanics, spoil heap, waste dump, surface lignite mine, statistics, uncertainty

1. Introduction

Sustainable management of wastes from the mining and extractive industry is a priority for modern societies
around the world. In Greece, and particularly in the Region of Western Macedonia, hundreds of millions of cubic
meters of waste ground material is being deposited annually due to intense surface lignite mining, forming the
so-called spoil heaps (also known as waste dumps or waste embankments). These structures impose a major
financial, social and environmental accountability on the lignite producers. This is so, because potential
incidences of excessive movements of the heaps or, even worse, catastrophic slope instabilities may lead to
disruption of lignite production and to environmental hazards and society's concerns. Such failures have actually
taken place in the past in Greece (Steiakakis et al., 2009). So, in order to guarantee a secure and sustainable
closure and reclamation process of the spoil heaps, their long-term stability is important. In order to ensure
this, one needs to properly assess the physical and mechanical characteristics of spoil material and then make
use of them within relevant analysis methods of slope stability, bearing capacity, and deformation assessment
(limit equilibrium, finite elements, etc).

Generally speaking, soil is a complex natural material that has been created by a combination of several
geological, environmental, and physical-chemical processes throughout geologic time (Phoon and Kulhawy,
1996). Consequently, soil properties on most sites vary in the vertical and horizontal plane. This is also obvious
from in situ and laboratory test results, which often imply substantial variability in the properties of soils, not
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only among different sites, but even within homogeneous strata of the same site, as stated by Baecher and
Christian (2003). From a design point of view, being aware of geotechnical property variability is of major
importance. Based on the above, the scope of the present work deals is to compute the variability of
geotechnical properties of a large spoil heap in northern Greece, and compare it with variability typically
demonstrated by in situ ground material. The examined spoil heap has been constructed from waste ground
material from two nearby surface lignite mines. In the first part of the paper, a brief literature review on the
variability of in situ soil properties is provided, and the principles of major statistical parameters, often used in
relevant geotechnical literature, are briefly presented. In the second part of the paper, results of statistical
analysis of a large database are presented and critically discussed.

2. Variability of in situ soil properties

Several researchers in the past have published coefficients of variation (COVs) for a wide variety of soil
properties, based on data from in situ and/or laboratory tests (see among many others, Lumb, 1974, Lee et al.,
1983, Lacasse and Nadim, 1996, Phoon and Kulhawy, 1999, Baecher and Christian, 2003). Quite often, the range
of the reported values for a certain property is very wide. As such, these can only be considered as suggestive
of conditions for preliminary studies. A collection of previously published data has been compiled by the authors
and is presented in Table 2. When a range is mentioned and a value exists in parentheses, this is a suggested
standard value of COV. Physical and engineering properties are all provided in the same table and in alphabetical
order. Based on the table, the following comments can be made:

Regardless of the type of soil (coarse- or fine-grained), unit weight and density seem to demonstrate
significantly less variability than most other soil properties. To be more exact, reported COVs are typically less
than 10%. This is rather reasonable for two reasons. First, unit weights of soils highly depend on the specific
gravities of soil minerals, which typically vary within a very narrow range. Second, measuring unit weight is a
reasonably precise procedure and the relevant measurement errors are usually small. As far as the moisture or
water content is concerned, a wide range of COV values (from negligible up to almost 65%) have been reported
for clays and silts. However, as stated by Baecher and Christian (2003), most sites demonstrate considerably
smaller values than 65%. In addition, they state that, although everything depends on local site conditions,
there is generally some evidence that sandy soils are characterized by smaller variability in water content
compared to clays. In terms of Atterberg limits, liquid and plastic limits often have COVs of 30% or more. In
addition, liquid limit and plasticity index are almost always strongly, positively correlated, while liquid limit and
plastic limit are usually positively correlated, but not so strongly (Baecher and Christian, 2003).

In terms of permeability or hydraulic conductivity, it is well known from soil mechanics that it varies over many
orders of magnitude: from values on the order of 10™'? cm/sec or even less (for clays) to nearly unity (for
material such as gravels). Likewise, the COV of hydraulic conductivity can also be very large, i.e. on the order of
200 to 300% (or even higher). In terms of consolidation parameters, such as the coefficient of consolidation and
the compression / recompression indices, COV values may reach up to 100 and 50%, respectively. Last but not
least, as far as shear strength properties are concerned (which are of paramount importance in the stability
analysis of soil slopes), a lot of statistics, both from in situ and laboratory test data, have been published in the
literature. In the present work, only data obtained from lab experiments is presented. Generally, as shown in
Table 2, variability significantly varies depending on the type of soil. For cohesionless soils, such as sands,
reported COVs rarely exceed values of about 15%. This is not the case for cohesive soils (clays), on which COVs
may exceed values on the order of 50%. In the absence of any lab or in situ tests, or in the case of limited data,
Table 3 provides typical ranges and suggested COV values of fundamental soil parameters.

3. The Soulou spoil heap

The Soulou spoil heap is located between the cities of Ptolemais and Kozani, about 500 km north - northeast of
Athens, and lies between two adjacent surface lignite mines owned by the Public Power Corporation (PPC): the
Kardia mine and the South Field mine. The dimensions of the heap are about 5 km length, 150 m height, and
several hundred meters width. Several discussions have taken place in the past about the long term
management and valorization of the dump, after the disposal of spoil material ceases. In this context, about ten
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years ago, PPC conducted an extensive geotechnical investigation, in order to assess the major physical and
engineering properties of the dump. Among others, the investigation consisted of ten sampling boreholes, each
one about 40 m deep, which were drilled along the embankment axis at representative locations. The following
lab tests were conducted on 100 samples taken from the boreholes:

Table 2. Reported values and/or ranges of COVs for different soil properties.

Property or test Reported COV (%) Source

Angle of friction (various soils) 9 Lumb (1966)

Angle of friction (sands) 5-15 (10) Lee et al. (1983)

Angle of friction (sands) 2-5 Lacasse and Nadim (1996)
Angle of friction (sands) 5-15 Lumb (1974)

Angle of friction (clays) 12-56 Lee et al. (1983)

Angle of friction (clays) 40 Kotzias et al. (1993)

Angle of friction (alluvial soils) 16 Wolff (1996)

Angle of friction (tailings - copper) 8-12 Baecher et al. (1983)

Angle of friction (tailings - uranium) 17 Baecher et al. (1983)

Angle of friction (tailings - gypsum) 14 Baecher et al. (1983)
Cohesion (undrained, clays) 20-50 (30) Lee et al. (1983), Lumb (1974)
Cohesion (undrained, sands) 25-30 Lee et al. (1983)
Compressibility 18-73 (30) Lee et al. (1983)
Compressibility (all soils) 25-30 Lumb (1974)

Compression, recompression index (cc, ¢r) 25-50 Lumb (1974)

Consolidation coefficient 25-100 (50) Lee et al. (1983)
Consolidation coefficient 25-50 Lumb (1974)

Consolidation coefficient (limited data) 10-17 Tanaka et al. (2001)

Density (apparent or true) 1-10(3) Lee et al. (1983)

Density (all soils) 5-10 Lumb (1974)

Density (clays, silts) <10 Baecher and Christian (2003)
Elastic modulus 2-42 (30) Lee et al. (1983)

Liquid limit 2-48 (10) Lee et al. (1983)

Liquid limit (clays) 3-20 Lacasse and Nadim (1996)
Liquid limit (clays, silts) 6-30 Baecher and Christian (2003)
Moisture content (clays) 6-63 (15) Lee et al. (1983)

Moisture content (clays, silts) 8-30 Baecher and Christian (2003)

Permeability (all soils)

200-300 (300)
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Plastic limit 9-29 Lee et al. (1983)

Plastic limit (clays) 3-20 Lacasse and Nadim (1996)
Plastic limit (clays, silts) 6-30 Baecher and Christian (2003)
Plasticity index 7-79 Lee et al. (1983)

Relative density 10-40 Baecher and Christian (2003)
Specific gravity see density Lee et al. (1983)

Unconfined compressive strength 6-100 (40) Baecher and Christian (2003)
Unit weight (submerged, all soils) 0-10 Lacasse and Nadim (1996)
Void ratio 13-42 (25) Lee et al. (1983)

Void ratio (all soils) 15-30 Lumb (1974)

Void ratio, porosity (all soils) 7-30 Lacasse and Nadim (1996)

Table 3. Typical range and suggested COV values of major soil parameters (Schneider, 1997, Orr and Farrell,
2000).

Range of typical Suggested COV (%) value in
Soil property

COV (%) values the case of limited test results
Friction angle ¢', tang' 5-15 10
Cohesion (drained) c' 30-50 40
Cohesion (undrained shear strength) cu ~ 20-40 30
Coefficient of volume change my 20-70 40
Unit weight y 1-10 0

index property tests (grain size with sieves, combined with liquid and plastic limit tests), physical properties
(water content, moist unit weight, specific gravity), and engineering properties (unconfined compression test,
consolidated - undrained triaxial compression tests with pore pressure measurements (CUPP), and 1D
consolidation tests). In the context of the present work, part of the above data was treated statistically in order
to assess geotechnical property variability of the spoil heap.

Figure 11 shows the resulted classification of spoil material over depth and along the longitudinal axis of the
dump, according to the Unified Soil Classification System (USCS). It is obvious that the stratigraphy is quite fuzzy
and no distinction of separate layers can be easily established. Nonetheless, it seems that silty material (MH,
ML) is the most dominant. So, given its nearly chaotic structure, the heap is treated as a unified volume of
ground mass.
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Figure 11. Classification of spoil material (according to USCS) along the longitudinal axis of the spoil heap.

4. Principles of major statistical parameters
The following statistical parameters have been used in the context of the present study:

Suppose there is a sample of observations xi, xz, ..., Xj, ..., X» of some population X. The mean u of the sample
may be computed as following:
S
n= "y i

If the observations are ordered from smallest to largest: x(1) < x@2) < ... < Xn), the median [ of the sample is
described as:

N { X(n+1)/2 if n is odd

= 2
H 1/2(%ns2 + Xna1)/2) if nis even @)

An interesting illustration of very different mean and median values will be shown in the following paragraphs
based on actual cohesion data of the spoil heap.

The standard deviation o, whose dimensions are the same as those of the observations, is computed as
following:

211'1=1(Xi - #)2 — ?:1(Xi2 - nﬂz) (3)
n—1 n—1

The coefficient of variation COV, often designated as a percentage, is defined as:

o
CoV =— (4)
u

In geotechnical engineering, as a rule of thumb, coefficients of variation below 10% are considered to be low,
between 15 and 30% moderate, and greater than 30%, high (Harr, 1987).

In recent design frameworks (e.g. Eurocode 7 in Europe or LRFD in the USA), the previously defined mean value
is not directly used for analysis and design purposes. For example, in the EC7 framework, it is the so-called
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characteristic value Xk (and the finally resulting design value Xy) of a soil property that shall be used for design
purposes. The characteristic value may be considered as the best possible estimate of the classical mean value
of the selected layer. Following comparative calculations, Schneider (1997) demonstrated that a decent
approximation of X is achieved if the characteristic value is taken equal to one half a standard deviation below
the mean:

X, =u—050 (5)
The above equation has gained wide acceptance within the geotechnical community (Orr and Farrell, 2000).

The coefficient of skewness 8: is a dimensionless measure of the degree of skewness or assymetry of a
probability distribution around its mean. If 8: > 0 (positively skewed or skewed right), the distribution's long tail
is on the mean's right side (i.e. the density function or frequency curve is extended towards larger numbers).
On the other hand, if 8: < 0 (negatively skewed or skewed left), the distribution's long tail is on the mean's left
side. Finally, if 81 = 0, the distribution is symmetrical. The coefficient of skewness is computed using the

following expression:
n
_ n X, —m\®
ﬁl_(n—l)(n—Z)Z( v ) (6)
i=

For further discussion on the use of 8: with respect to applications on geotechnical engineering, interested
readers are addressed to relevant literature (Rethati, 1988).

The dependency between two variables is assessed through the linear correlation coefficient (o). For any pair
of X-Y variables, p is given by:

Cov(X,Y)
Pxy = ———— (7)
Ox Oy
In the above equation, Cov is the variables' covariance (which is different than the coefficient of variation COV)
and ox, oy are the variables' standard deviations. For the linear correlation coefficient holds true that-1 <p < 1.

5. Results

Table 4 provides statistical parameters of index properties of the Soulou spoil heap. As shown in the Table, per
average, fine grained material (silts and clays) dominate (54.7%) within the spoil heap body. For illustrative
purposes, a grain size distribution curve from one sample is shown on Figure 12. In terms of Atterberg limits,
mean values of liquid limit and plastic limit were found equal to 50 and 35, respectively. The corresponding
COVs were found equal to 26% and 34%, i.e. within the range reported in the literature (Table 2). Table 4 also
provides physical parameters, such as moist and dry unit weight, specific gravity and moisture (water) content.
The void ratio is also provided in the Table. The mean values of the moist and dry unit weight are 16.8 and 11.8
kN/m3, respectively, while characteristic values (according to equation 5) are as expected slightly decreased
(15.9 and 11.0 kN/m?3, respectively). On the other hand, scattering of unit weights is larger than usually reported
in the literature. More specifically, while typically COV values range from 0 to 10% (Table 2), computed COVs in
the present study were 14% and 25% for moist and dry unit weight, respectively. Larger than usual COV values
were also found for water (moisture) content (46%), while rather normal scattering was computed for specific
gravity (6%) and void ratio (33%).

Table 4. Index properties and physical properties for the Soulou spoil heap.

Grain size Atterberg Limits
Parameter Y Yd Gs We €o

(%) (%)
(kN/m?) | (kN/m?) | (-) (%) | ()

Gravels | Sands Fines LL PL PI

n 100 100 100 83 83 83 97 97 47 100 44
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M 12.1 32.8 54.7 50 35 15 17.1 12.6 2.54 |40 1.21
ft - - - - - - 16.8 11.8 2.56 | - -

Xk - - - - - - 15.9 11.0 - - -

o 15.0 13.2 18.0 13 12 6 24 3.2 0.16 | 18 0.40
COV (%) 124 40 33 26 34 42 14% 25% 6% 46% | 33%
min 0 6 9 22 16 3 12.5 7.3 220 |7 0.65
max 60 91 94 84 62 35 22.3 20.3 2.80 | 82 2.50
range 60 85 85 62 46 32 9.7 12.9 0.60 | 75 1.85
B1 1.5 11 -0.4 -03 |02 |07 |01 0.4 -0.5 0.2 0.8

LL: liquid limit, PL: plastic limit, PI: plasticity index, y: moist unit weight, y4: dry unit weight, Gs: specific
gravity, wc: water content, eo: initial void ratio.
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Figure 12. Indicative grain size distribution curve on a spoil heap sample.

In order to evaluate the engineering response of the spoil heap, 27 consolidated undrained with pore pressure
measurement (CU-PP) triaxial compression tests were performed. Table 5 provides statistical results with
respect to these tests in terms of effective friction angle ¢' - effective cohesion c. As far as the friction angle is
concerned, mean and standard deviation values were computed equal to 25.9° and 7.2°, leading to a
characteristic value equal to slightly larger than 22°. The COV of the friction angle was computed equal to 28%.
As shown in Table 2, this value is quite high when compared to coarse grained soils, but relatively reasonable
(and towards the upper limits) when compared to fine grained soils.

Table 5. Shear strength and compressibility parameters for Soulou spoil heap.

Parameter d'(°) c' (kPa) C'mod (kPa) Ce(-) Ce(-)
n 27 27 23 44 44
vl 25.9 14.2 6.7 0.216 0.037
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L 26.9 6.6 3.9 0.194 0.037

Xk 22.3 4.1 2.4 - -

c 7.2 20.3 8.4 0.086 0.014
cov 28% 143% 127% 40% 39%
min 8.2 0 0 0.064 0.013
max 39.2 72.5 29.3 0.398 0.090
range 31.0 72.5 29.3 0.334 0.077

B1 -0.5 1.7 13 0.5 11

¢": effective friction angle, c': effective cohesion, c'mod: effective cohesion
excluding the four values larger than 50kPa, c.: compression index, c::
recompression index.

On the other hand, when it comes to the results with respect to cohesion, one of the first things that is noticed
is the extremely large COV (143%) and the big difference between the mean (14.2 kPa) and the median (6.6
kPa) value. These results are due to the fact that nearly half of the measurements of cohesion (11 out of 27)
were found equal to or almost equal to 0. So, as discussed earlier, this is a typical case on which mean and
median values are considerably different. Figure 13 illustrates the variation of cohesion values with sample
depth for the 27 laboratory tests. From a design point of view, the characteristic value drops to 4.1 kPa, which
shows that the relationship suggested by Schneider (1997) captures the effect of the significantly large standard
deviation. It should be noted that if one ignores from the statistical analysis the four "extreme" values of c'
(50.8, 53, 54, and 72.5 kPa), then the mean value decreases by more than 50% (it becomes equal to 6.7 kPa),
while the characteristic value also decreases (it becomes equal to 2.4 kPa). This is shown in column c'med of
Table 5.

20 — —

25 — —

30 — —

Sample depth (m)

35 ¢ . |

40 |- -

45 — —

50 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1
30 40 50 80 70

Cohesion ¢ (kPa)

Figure 13. Variation of cohesion with depth.

Table 5 also shows statistical parameters for the compression and re-compression indices based on 44 1-D
consolidation tests. As far as the compression index cc is concerned, mean and median values were found equal
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to 0.216 and 0.194, respectively. According to Holtz et al. (2010), values around 0.2 correspond to the lower
limits of compression indices for normally consolidated medium sensitive clays (with a typical range between
0.2 and 0.5). The mean and the median recompression index cr were both found equal to 0.037, i.e. about 20%
of the value of cc which is quite reasonable. As far as scattering is concerned, COVs for both indices were about
40%. This is well aligned with values between 20 and 50% reported by Baecher and Christian (2003). The
dependency between cc and cr was investigated by means of the coefficient of linear correlation, and it was
found positive and equal to 0.50. In this context, Figure 14 illustrates the variation and dependency between
the two indices. Given that the compression index is often related via empirical correlations to parameters such
as the liquid limit, the water content and the void ratio, the dependency between cc and LL, w, and e, was also
investigated by means of coefficients of linear correlation and it was found equal to 0.36, 0.43, and 0.50,
respectively.

0.1 T T TTTT TTTT TTTT TTTT TTTT TTTT TTTT
0.09 ¢ —
0.08 — —
0.07 —
0.06 — —
0.05 — . —
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Figure 14. Dependency between cc and cr.

6. Conclusions

A database with results from extensive lab testing on samples from a lignite spoil heap was compiled and
evaluated in the context of the present study. Index properties, physical properties, and shear strength and
compressibility parameters were statistically treated and relevant parameters (mean, median and characteristic
values, as well as coefficients of variation, of skewness, and of linear correlation) were revealed. Results were
critically discussed and compared with data from in-situ soils previously published in the literature. A major
conclusion drawn from this work is that the spoil heap's body is highly heterogeneous, and a significant outcome
from the work is the quantification of this variability. Based on the results, it seems that the variability of spoil
properties exceeds the usual variability from in situ ground material. This is anticipated to be due to man-made
reasons related to the construction of the dump. This is so, because in addition to the natural processes, more
factors affect the actual conditions of formation (and thus, the stress state) of the heaps. Such factors are the
spoils' transportation method (e.g. conveyor belts or haul trucks), the dumping method (whether a top-down
or a bottom-up directed method), and of course the origin of the spoil material (if it comes from one or more
different mines with same or different geology).
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Abstract

There is strong evidence that indicates that human activities affect the climate of the planet. Climate change is
an important and emerging threat to public health and is one of the greatest environmental, social and
economic threats. According to the World Health Organization, health risks related to climate change may be
significant and different depending on the geographical area and are often irreversible. Risk factors related to
climate change and diseases are among the major contributors to the global health burden, including
malnutrition, diarrhea and malaria. Such situations as well as other health impacts will be increasingly affected
as climate change accelerates due to their negative effects on food production, water supplies and human
resistance to hosts and pathogenic microorganisms.

The aim of this work is to critically study and present the impacts of climate change on public health, the
vulnerability of populations to climate change and the presentation of trends and policies developed to mitigate
these impacts in the Mediterranean basin indirectly through dealing with natural disasters or directly.

Keywords: climate change, Mediterranean basin, vector born diseases, water born diseases, heat waves.

1. Introduction

As the world warms up, evaporation rates increase and hot air retains more water vapor. Eventually when these
masses of air encounter or collide with mountain ranges, huge volumes of rain or snow are released. This goes
in line with the predictions of climate scientists, which were first expressed in the 1990s. Meanwhile,
governments are still referring to these events that occur globally simply as tragic "natural disasters". It seems
that we are slow to take our lesson. There is not only the risk of increased air pollution and ozone pollution,
greater pollen spread and hence the more frequent occurrence of allergies and respiratory diseases, but also
the increase in deaths due to heatwaves, floods, droughts, fires, decreased availability and cleanliness of
drinking water, reduced food safety and a reduction in the provision of health services, while high temperatures
will change the distribution and increase the overall burden of certain diseases from hosts, food and water.

2. Climate change poses a risk to health determinants

Climate change will inevitably affect the basic prerequisites for maintaining a basic level of health: clean air and
water, adequate food and a suitable accommodation. Each year, about 800,000 people die of air pollution
related causes, 1.8 million people die of diarrhea, usually caused by lack of access to clean water and cleanliness,
and due to inadequate hygiene conditions, another 3.5 million from malnutrition and about 60,000 die from
natural disasters. A warmer and more volatile climate can lead to higher levels of some air pollutants, increase
the transmission of diseases through contaminated water and contaminated food, endanger agricultural
production in some of the most underdeveloped countries, and finally increase their risks due to extreme
weather events.

Climate change therefore creates new challenges for controlling infectious diseases. Many of the deadly
infectious agents are particularly sensitive to climatic conditions, such as temperature and rain. Thus illnesses
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such as cholera and other diarrheal diseases, malaria, dengue fever and diseases transmitted by host-carriers
are directly related to climate change. In short, climate change threatens to slow down, halt or reverse the
progress made by the international medical community in the field of public health and tackling many of these
diseases.mln the longer term, however, the most important health impact may not come from a sudden
emergency, such as a natural disaster or an epidemic, but a gradually created pressure on the natural, economic
and social systems that support public health, and which are already in place under pressure in most of the
underdeveloped world. This escalating pressure includes the reduction and seasonal change in the availability
of drinking water, local decline in food production and rising water levels. Each of these changes may potentially
lead to population displacement and increased risk of civil warfare (WHO, 2008).

3. Climate change in the Mediterranean region

The vast majority of scientific data shows that today we live in a remarkable, unusual and high-risk moment in
the history of humanity: climate change and other global and regional environmental changes that are caused
by human being, pose serious threats to the life on Earth in general and in the Mediterranean region specificly
(Rockstrom J, et al., 2009). The emergence of large-scale environmental changes over the last few decades, will
raise everyone's concerns and lead to a serious re-examination of the way we live, the tremendous pressures
we place on the natural environment (McMichael Al., 2001) Without a substantial transition, environmental
and social conditions that support human well-being, health and the survival of future generations can not be
attained globally and in a fair way. By contrast, a world 100-200 years later, which could be up to 4-6 ° C warmer
would be a world of non-habitable areas, with a wide lack of food and water, affected by frequent weather
disasters.

Climate change will have a global impact on health, but here we are focusing on the Mediterranean region.
Climate change has direct and indirect effects on human health and both are important in this area. Direct
results include higher temperatures, increased ultraviolet radiation and local storms and floods. There are
indications that extreme temperatures are clearly associated with increased human mortality and morbidity,
and recent findings indicate that heavy rainfall can accelerate the development of diseases related to the water
and the disease vectors. Indirect health impacts are related to the degradation of air, soil and water quality in
the Mediterranean region.

For example, the increased exposure to allergens, air pollution and infectious diseases associated with climate
change will significantly contribute to the higher incidence of respiratory diseases (Flahault et al., 2015). The
duration and impact of heat waves are expected to increase with climate change and the mortality rates
associated with overheating are expected also to increase significantly during the 21st century (Casimiro et al.,
2006). It is expected that these adverse effects will primarily affect vulnerable people, especially the elderly,
who are more likely to suffer from chronic dieseases (Oudin Astrém et al., 2015). Another possible consequence
is the increase in exposure to ultraviolet radiation with its known consequences for skin cancers.

Changes in precipitation patterns are also expected with increased flood and drought risks, although they may
differ from one region/country to another (Messeri et al., 2015). In addition to their direct health effects, mainly
through mosquitoes that can transmit tropical infections, these changes are likely to affect agriculture and food
supply. There is reason to worry that it may eventually lead to a change in the Mediterranean diet, the value of
which is universally recognized.

4. Possible impacts of climate change on health.

Climate change increases health risk in many regions of the world and can affect it directly and indirectly. Direct
effects include often extreme weather phenomena such as heatwaves, which mainly affect the elderly and sick

247



SafeKozani 2018 - 5th International Conference on Civil Protection & New Technology - Proceedings

people. Floods and storms can injure or kill many people. But even more important are the indirect impacts
caused by the reduction of water availability and changes in food production. Particularly serious is the further
spread of sensitive to temperature changes parasites, microorganisms and infectious diseases transmitted by
insects - such as malaria, dengue and schistosomiasis (McMichael et al, 1996). Such indirect effects mainly
concern the majority of poor people in developing countries. A detailed reference will be made to these impacts
of climate change on health.

4.1 Infectious diseases

As far as communicable diseases are concerned, it has to be noted that to date the area around the
Mediterranean basin has received little attention and that the available data and results on the impact of
climate change on infectious diseases are few and inconsistent with each other (Navarra and Tubiana 2013).
The effects of climate change on the spread and intensity of infectious diseases have been studied only in
countries along the northwest and west coasts of Mediterranean region, while the eastern and southern regions
lack the appropriate data. These regions have already faced many humanitarian crises, from conflicts to natural
hazards and recent political changes, and climate change is likely to exacerbate health impacts.

The Mediterranean region is known to be vulnerable to climate change and the significant increase in average
temperature has been recorded over the last decades. Extreme weather conditions have become more
frequent by increasing the frequency and severity of heavy storms or the heatwaves in the western and
southern ridges along with the reduction in rainfall. The projected reduction in rainfall in North Africa is also a
major health problem as 22% of the world's population experiencing water scarcity is concentrated in the
Mediterranean (Giorgi and Lionello, 2008). As a result of these continuous changes, infectious diseases, which
are transmitted directly or via some vectors or hosts, or both, are expected to be affected. For some infections
such as Chikungunya and West Nile, climate change is still seen as the main driver of the increased local
transmission risk in the area, while for others, such as many water and food-related diseases, the risk of
spreading to the immediate future is real.

4.1.1 Direct impacts of climate change on the transmission of viral diseases to humans

Higher temperatures on the Earth's surface will cause an increase in global average rainfall, although in some
latitude regions it will become more dry. Rainfall may favor the transmission of vector-borne pathogens, the
creation of reservoirs on the ground and other breeding sites for insects. In addition, drought may cause
stagnant running water, can also urge people to store water in tanks, and cans, which also serve as mosquito
breeding areas (McMichael AJ, et al, 2006)

One could assume that the mass clearance of forests exposed to warming could allow contacts between
unimmunized humans with dangerous viral infective cycles and their respective reservoirs in the forests (Weiss
RA and McMichael AJ, 2004). Thus, the spread of "exotic" viruses could be observed in Europe. One can think
emerging arboviruses (viruses related arthropods) as the virus dengue, virus Chikungunya, virus, West Nile virus,
encephalitis Tick-Borne, virus Rift Valley Fever virus, Japanese encephalitis, the Crimean Congo haemorrhagic
fever and forest viruses could threaten people such as yellow fever virus (Geisbert TW and Jahrling PB., 2004).

4.1.2 Indirect effects of climate change on the spread of viruses

A significant impact could be identified in the climatic conditions that disrupt the organization of the social and
economic characteristics of the populations. Thus, population displacement and overcrowding could facilitate
people-to-people contacts, between humans and animals, as well as between humans and polluted waters, by
favoring infections related to intestinal or respiratory viruses (Choi K. et al. 2006). These pathogens, under these
ideal conditions of dispersal, could cause such large epidemics possibly worldwide for diseases such as influenza.

4.1.3 Diseases transmitted through water

Cholera is an infectious disease that is transmitted by bacteria that are mainly found in stagnant water and
estuaries, as well as water and fountains, responsible for 3 to 5 million cases and more than 100 000 deaths per
year. It occurs mainly in countries where clean water supply and adequate hygiene is not guaranteed. Especially
in slums and refugee camps, but also in areas facing crises are considered as zones of infection (Priiss-Ustiin A
et al. 2004).
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Increased risks from climate change are caused by the fact that due to the increase in temperature, water is
used extensively, while the fields are irrigated technically, resulting in addition to natural waters to create
additional hotplates for bacteria, which at increased temperature proliferate rapidly (WHO 2006). Since the
disease is mostly associated with cyanobacteria (blue-green algae) and their growth is accelerated by higher
temperatures and increased rainfall, there is a clear link between climate change and the spread of cholera.
Similar conditions exist for the spread of schistosomiasis, a parasitic disease caused by worms transmitted to
humans through snail found in waters and in addition to have a impact to the most of human organs, it is also
responsible for under-development of children (WHO 2006). In Africa, this disease occurs almost everywhere.
The reason for this is because of climate change the placement of artificial water storage and irrigation and the
shortening of the reproduction time of the parasite over 15 ° C, while his life is prolonged. In addition, the
disease is diffused by refugees, but also from tourists (WHO 2006). A prevention can only be achieved here
through increased hygiene measures, water filtration and improved health education.

TABLE 1: Climate-sensitive infectious diseases in the Mediterranean region and the potential risk of
spreading. An asterisk means that since the information was published, cases have been detected in the area.
These studies were conducted on a global scale. Modified by Rodriguez-Arias et al (2008).

Infectious disease Already present in the Number of papers Evidence for an effect of
Mediterranean published (2007-2010) climate variability and
change

Food- and water-borne

Amoebiasis Yes 4 No
Campylobacter enteritis Yes 12 No
Cholera No (potential risk) 9 Yes (SouthAsia,north-west

SouthAmerica,WestAfrica)

Cryptosporidiosis Yes 22 No
Diphyllobothriasis Yes 2 No
Escherichia coli infection Yes 10 No

No Food-borne Vibrio Yes* 25 Yes (North Sea,Baltic,
enteritis Atlantic Ocean,

Mediterranean Sea)

Giardiasis Yes 17 No
Legionella infection Yes 17 No
Leptospirosis Yes 21 No
Rotavirus enteritis Yes 7 No
Salmonella infection Yes 24 No
Schistosomiasis Yes 3 No
Shigellosis Yes 6 No
Strongyloidiasis Yes 1 No Yes 1 No
Typhoid and paratyphoid Yes 7 No
fevers
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Air/human to human transmission

Meningococcal infection Yes 24 Yes (WestAfrica)

Vector-borne

Typhus fever Yes 12 No
Chikungunya virus disease Yes 25 No
Dengue and dengue Yes*Some doubts 14 Yes (South-EastAsia,
hemorrhagic fever northern SouthAmerica)
Malaria Yes 13 Yes (South-EastAsia,East
Africa,northern South
America)
RiftValley fever Yes 6 Yes (SouthAfrica)
West Nile virus infection Yes 40 No (controversies)
Plague Yes* 4 Yes (CentralAsia)
Leishmaniasis Yes 31 Yes (Southern Europe,

SouthAmerica)

Sandfly virus fever Yes 15 No
Crimean-Congo hemorrhagic Yes 24 No

fever

Lyme disease Yes 34 Yes (Northern Europe)
Spotted fever Yes 21 No
Tick-borne relapsing fever Yes 2 No
Tick-borne viral encephalitis Yes 13 No

Filariasis Yes Yes 4 No
Tularemia Yes 4 No

4. 2 The impact of climate change on non-communicable diseases in the Mediterranean region

4. 2.1 Extreme weather conditions and related events have a direct impact on health in the Mediterranean
region

The frequency of extreme natural hazards and weather phenomena, including heat and cold waves, floods,
storms and droughts, has increased in recent decades in Europe, particularly in the Mediterranean region, due
to climate change. Among these, the main factors of climate change that directly affect non-communicable
diseases (NCD) are extreme temperature events, barometric pressure, floods and storms (see Table 2). Since
the 1960s, the Mediterranean region has been warmed up with a significant increase in the frequency, intensity
and duration of heat waves (Kuglitsch et al., 2010) and related health effects.
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Table 2: Direct and indirect impacts of climate change on non-communicable diseases (NCDs).

Impacts of climate

Additional factors

NCDs

Direction of risk

change contributing the
indirect impacts
DIRECT: INDIRECT;
HEAT WAVES CDV and respiratory Increase
morbidity and
mortality
COLD WAVES Cardiopulmonary Increase
morbidity and
mortality
Low atmospheric ISP Increase
pressure during
storms
Extreme weather Injury, Decreased Increase
phenomena (floods, mental health,
storms, etc.) Downfall
Thunderstorms Polarization of pollen Asthma Increase
Drought Malnutrition, Reduced Increase
mental health
Parasites Increase in pesticide | Asthma, Parkinson's Increase
use disease, cancers
Aflatoxin (fungal Contamination of Hepatocellular Increase
metabolite) cereals carcinoma
Increased Higher ozone at Urbanization Increased respiratory Increase
temperature, no air ground level tract irritation, CDV
conditions and chronic
pulmonary disease
and pulmonary
disease mortality
Fire, drought Higher level of Urbanization COPD exacerbations, Increase
specific matter Mental illness
Altered stratospheric Modified Skin cancer Increase
ozone recovery track ultraviolet Autoimmune diseases
with changes in radiation (UVR) (multiple sclerosis)
precipitation and
coverage of clouds
Decrease
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Global warming Higher pollen | Larger pollen season, Allergic rhinitis Increase
allergenicity modified pollen (allergic rhinitis) and
measurements distribution asthma
Floods More mold Allergic rhinitis,

sinusitis and asthma,
hypersensitivity
pneumonitis,
mycotoxin toxicity

*:in temperate zones, including the Mediterranean ISP zones: Spontaneous pneumothorax idiopathic

4. 3 Air pollution (asthma and COPD)

Increasing atmospheric temperature and associated meteorological effects can aggravate soil-level pollution,
mainly ozone (Kinney PL.:2009), leading to decreased pulmonary function, increased use of healthcare and
premature death. People with COPD, CVD, diabetes and chronic exposure to ozone are at particular risk (Isaksen
et al., 2009). The higher burden of these conditions is disproportionately distributed among low-income people,
who often reside in more polluted areas (Isaksen et al., 2009). Climate change can also lead to higher
atmospheric concentrations of fine particles (PM2.5) (Zanobetti and Schwartz, 2011). Predicted warming
threatens our ability to meet air quality standards for health in the future.

4.3.1 Forest fires (All Respiratory Diseases & CVD (Cardio Respiratory)

Forest fires cause episodes of severe air pollution. Higher temperatures and increased droughts contribute to a
higher risk of forest fires (Dennekamp and Abramson, 2011). This increase in fire risk is due to the higher
temperatures in spring and summer (Westerling and Bryant, 2008). Higher temperatures will also put forests at
risk for new and more widespread threats that further increase the risk of fire (Elliott and Henderson, 2013).

Forest smoke is a complex mixture of particles and gases known to have acute and chronic health effects
(Henderson et al, 2011). Most of the epidemiological research focuses on increased PM2.5 during smoke
episodes associated with acute respiratory effects (Henderson and Johnston, 2012), including symptoms of
pain, irritation, cough, and phlegm (Kolbe and Naeher et al, 2007), visits to intensive care units (Pope et al.,
2002), hospital admissions and increased mortality. Further evidence suggests that babies in the uterus during
smoke events are at a higher risk for low birth weight (Sahani et al, 2014) and with adverse health effects
throughout their lifetime. There have been no studies investigating the long-term effects of fires and exposure
to smoke in children and adults. However, it is well known from the literature on air pollution in cities that the
increase in the annual average of PM2.5 concentrations is

associated with increased rates of chronic respiratory diseases and CVD's of the population (Wotton et al, 2010).

Since transport emissions and industrial sources are subject to more effective control, fire smoke is expected
to play an increasingly important role in lifelong exposure to PM2,5 and hence in the development of chronic
diseases (Yue et al, 2013).

4.3.2 Changes in pollen release (asthma and allergic rhinitis)

The production and distribution of plant pollen allergen is affected by climate change, with multiple increases
in trees, grass and weeds occurring as a result of higher carbon dioxide concentrations (Ziska and Beggs, 2012)
and prolonged growing seasons. Increases in pollen concentrations in the environment are associated with
higher rates of allergic sensitization, increased use of health care and large increases in sales of allergic
medication (D'Amato, 2011). Drought conditions are also set to increase, and can aggravate these effects, as
more pollen, dust and particles are transported in the air under dry conditions.

4.4 Exposure to mold

Mold levels can increase with climate change due to increased moisture in building materials and indoor
humidity, elevated temperatures and high carbon dioxide concentrations that encourage growth (Wolf et al,
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2010). In immunosuppressed individuals, respiratory disease associated with mold exposure is due to elements
of fungi that may be allergenic or respiratory irritants, leading to exacerbations of allergic rhinitis and asthma
(The National Academy Press, 2004). In immunocompromised individuals or those with concomitant lung
disease, fungal infections such as aspirgillosis may occur (Kosmidis and Denning, 2014).

4.5 Mental health

Mental health disorders such as post-traumatic stress disorder (PTSD) can significantly affect the well-being of
the population following natural disasters and / or climate change shifts, depending on the impact, the intensity
of the experience, personal and community disruption, and long-term exposure to the visual signs of the
disaster (Galea et al, 2005). The symptoms of PTSD were found in 75% of refugee children and adolescents
(McCloskey and Southwick, 1996).

CLIMATE CHANGE: THE EFFECTS OF HEALTH EFFECTS

Economic / social impacts:
Infrastructure, economic productivity,
works, coastal displacement,
conflicts and wars
for the possession of resources

I I
Climate Indirect effects
Change: (secondary)
Impact ecological reasons:
pac change in food,
water,
I \ mosquitoes
Immediate
("Primary")
Impact
(extreme weather conditions Indirect health effects
heatwaves, (tertiary):
atmospheric pollution social & political
caused

5. What should be done

Climate change strategies are usually backed up by two broad approaches: mitigation, including efforts to
mitigate climate change itself, while adaptation includes actions to manage the impacts of climate change,
which are inevitable despite the mitigation efforts. This framework is closely aligned with the framework for
the protection and preparedness of public health. Like adaptation, readiness recognizes that while it is not
possible to predict all the negative consequences, they can still be reduced and predicted. For climate change,
mitigation and adaptation are broadly accepted as actions for public health. However, public health can also
play an important role in formulating public health impacts as a result of climate change mitigation options,
both by emphasizing the parallel health benefits of certain options and by identifying possible negative
consequences of other possible mitigation strategies (Frumkin 2008).

The widespread, widespread, long-term and unfair distribution of health risks makes climate change a truly
global challenge requiring unprecedented cooperation. An effective response will require action from across
the spectrum of society: from the people themselves, from the medical field and from social and political
partners. A fair and effective response will require a sharing of responsibilities between the population that
makes the greatest contribution to climate change and those most vulnerable to its impact in order to safeguard
and enhance global security in the area of public health.
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5.1 Strengthening public health systems

Strengthening public health systems is already necessary, just climate change makes this need more urgent. In
particular, the following should be done:

Strengthening partnerships between emergency management bodies, NGOs, the private sector and
national health systems to address health risks from any emergencies in a community.

Strengthening the capacity of health systems to manage climate change related risks, including health
risk assessments, enhancing preparedness for early warning and addressing emergencies and recovery
from extreme weather events

Protect Critical Medical Infrastructures from Extreme Weather Conditions and ensure the functioning
of the central public health services during emergencies, in other words "climate proofing".

Gathering evidence of impacts and monitoring changes in vulnerability and risk trends over time.
Enhancing the monitoring and control of infectious diseases

Effective monitoring and control are the more important under conditions of rapid environmental
change and mobility of humans, insect-carriers and infections.

Rapid and accurate notification of diseases at local, national and international levels, in compliance
with international health regulations, is the essential basis for disease control planning.

Approaches such as integrated host management that make best use of proven interventions such as
mosquito nets, insecticide spraying, and environmental management to control malaria, dengue and
other host-tropical diseases, protect against climate risks (IASC 2009)

Improving access to primary care services ensures faster patient care, reducing pain and reducing the
risk of spreading the disease. (WHO 2008).

Enhancing public health emergency response capacity saves lives and protects communities.

Strengthening health surveillance and control of communicable diseases can protect health at local and
global level.

Improving environmental and social determinants of health is critical to protecting people from climate
change.

Addressing the dangers of climate change requires a fairer access to public health services.
Develop forecasts for extreme weather events and early warning systems tailored to public health.

Implement local public health interventions to create community adaptability

Strategies need to be flexible enough to take into account the different composition of modern
societies and to include migrants and individuals from different national and cultural groups and
different attitudes in the health sector.
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Abstract

Technology evolution is affecting every aspect of the contemporary life. Network expansion on the one hand,
and tremendous processing speed on the other, boost Artificial Intelligence's (Al) development. Rendering
easier, faster and in many cases full-automated routine procedures, Al usage give plenty of advantages to every
human activity. While Al already has a profound impact on society and economy, Civil Protection and disaster
prevention and management are also affected. Early Warning Systems (EWS) based on neural networks,
Decision Making/Support System (DSS) and Smart Cities are already parts of the contemporary Civil Protection
Mechanisms.

However, there are serious ethical considerations to any technology affecting society so profoundly. Is Al
reliable enough to be used —in some cases exclusively- in decision making and rescue?

This work summarizes the ethical questions in Al in general and focuses on the possible vulnerabilities, non-
reliability and disadvantages of the uncontrolled usage of Al tools on Civil Protection, undertaking indicative
case studies. Cybersecurity vulnerabilities, privacy issues, input bias, possible inequality in criteria and usage,
hidden algorithms and liability issues are the most highlighted topics. Based on these topics, researchers,
legislators and society face the challenge to conclude to an Ethical Code in order to achieve success and fairness
on Al usage over the coming years.

Keywords: Artificial Intelligence, Civil Protection, Ethics

1. Introduction

Human brain emulation has been a technological vision for centuries. The ancient Greek philosophy, particularly
by Aristotle, has set “logic” as a basis for modern western science (Logic, Wikipedia 2018). In the middle of the
19% century George Bool reflecting the primitive way of human thought, investigated the laws of thought using
mathematics by using the truth values true and false, usually denoted 1 and 0 respectively. Boolean algebra has
been fundamental in the development of digital electronics (Boolean algebra, Wikipedia 2018). The rapid
evolution of digital technology along with the network usage expansion led to conditions matured for the Al
development (World Economic Forum/Accenture, 2018).

Al is the science of training systems to emulate human ways through learning and automation, based on the
automatic calculation of data combined in functions with parameters and weight factors, simulating the way
the human mind weights the parameters and factors in order to make a forecast or a decision. Most modern
artificially intelligent systems are based on a derivative of digital machine learning. Machine learning is about
training an artificial neural network with already labeled data, so that it comes to understand general concepts
out of special cases. By feeding thousands upon thousands of prepared data to the network, the system
gradually fine tunes the weight of the individual neurons in a specific layer (Delsh Kevin, 2018). The system’s
output is the end result of all the neurons weighing complex reading. Obviously the output is depending on the
inputs, their weight and the system topology.

Today man uses Al in Civil Protection, in EWS based on neural networks, smart cities, Decision Making/Support
Systems, autonomous robots in rescue operations and in systems involving citizens, mostly through social media
as input.
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Is nowadays Al reliable enough to be used in Civil Protection?
2. Materials and Methods

This study summarizes issues on usage and ethics of Al in general, based on recorded incidents and data, and
focuses on these issues when it comes to the Al application in the Civil Protection sector, as well as on possible
impact of these issues in case of emergency situations. The study does not give scientifically supported solutions
on the issues - it mostly underlines possible risks on —yet- not absolute and exclusive Al usage for emergencies
concerning loss of human life.

3. Results and Discussion
3.1 Security vulnerabilities

A Cyberattack is deliberate exploitation of computer systems, technology-dependent enterprises and networks.
Cyberattacks use malicious code to alter computer code, logic or data, resulting in disruptive consequences
(techopedia.com) that include data deletion or corruption, or networks’ collapse. Millions of attacks happen
every day (Live Cyber Attack Threat Map, 2018). Among the five most targeted economy sectors is
telecommunications and insurance (FireEye, 2018), both neuralgic during a disaster and in post-disaster phase.
Cyberattacks on lifelines and hospitals have already occurred. (Graeme Baker, 2008; Smith Jake, 2016)

During an emergency, attacks to communication and transportation systems could have devastating
consequences to first responding management, possibly resulting in casualties’ increase. All digital systems,
especially the ones connected to internet or intranets are vulnerable to malicious attacks.

3.2. Controversial Decision making process
3.2.1. Ethics - Decision Criteria

Al is a core part of the autonomous vehicles decision-making system. Decision-making process itself includes
ethics.

The trolley problem is a specific ethical thought experiment among several that highlights the difference
between deontological and consequentialist ethical systems: a runaway trolley moving toward five tied-up
people lying on the tracks. A man could pull the lever that controls a switch, in order to redirect the trolley onto
a side track and save the five people. However, there is a single person lying on the side track. Should he
proceed? Which is the “right” decision? The trolley problem has a series of alternative versions: i.e stopping
the trolley by putting the only available heavy thing in front of it, a fat man. In an even further development of
this example, the fat man is, in fact, the villain who put the five people in peril.

An alternative case, argued by Judith Jarvis Thomson, involves five patients in a hospital, each in need of a
different organ to survive. Under lack of available organs to be transplanted, a healthy young traveler, just
passing through the same hospital comes in for a routine checkup. In the course of doing the checkup, the
doctor discovers that his organs are compatible with all five of his dying patients. Suppose further that, if the
young man were to disappear, no one would suspect the doctor. Should the doctor kill that tourist and provide
his healthy organs to those five dying persons saving their lives? (Trolley problem, Wikipedia 2018)

A similar ethical test has been published by the Massachusetts Institute of Technology on the occasion of the
autonomous cars beta testing; “Moral Machine” test is actually an open online platform including questions -
moral dilemmas, where a driverless car must choose the lesser of two evils, such as killing two passengers or
five pedestrians. The questions-dilemmas involve also gender, race, age, profession, social status, criminal
record etc. of the potential victims (Moral Machine, 2016). A deeper thought is whether any car industry will
sale autonomous cars programmed to kill their own driver and/or passengers, regardless of whether it is fair or
not. And, by the way, who decides "fair"?

3.2.2. Biased Input, Criteria inequality, hidden algorithm issue

Al is already used in Justice in the USA. In the well-publicized case Loomis v. Wisconsin, the Al decision making
system takes gender and race into account in formulating the risk assessment. The sentence was partly based
on a secret algorithm; the defendant argued without success that the ruling is unconstitutional since neither he
nor the judge was allowed to inspect the inner workings of the computer program (Delsh Kevin, 2018).
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According to the assessment software Manufacturer Company “The key to our product is the algorithms, and
they’re proprietary. We’ve created them, and we don’t release them because it’s certainly a core piece of our
business” (Loomis v. Wisconsin - SCOTUSblog’, 2017).

Alis used in many EWS. Since the output of an Al System is depending on the inputs (data and criteria) and their
weight, the questions:

o who decides the inputs?
e who decides the weights?
e are the input raw data correct and adequate?
o what if “fake news” are used as input?
e what if a cyber-attack introduced erroneous data as input?
e do we take all factors and players into account?
might never be answered in a “black box” Al system.
3.3. Liability issues

On March 21, 2018 an Uber car killed a pedestrian woman in Arizona (Griggs Troy, Wakabayshi Daisuke, 2018).
Who is in this case legally responsible?

e the code developer?

o the LIDAR sensor hardware manufacturer?
e the Uber supervisor?

o the pedestrian?

Regarding the Civil Protection Al application, who is responsible when a Decision Support System suggests e.g.
the wrong area to be evacuated during a wildfire?

3.4. Privacy issues

Internet of Things devices and mobile phones host a lot of personal data, that could be used from applications
and networks aiming rescue and/or prevention etc. The same data could be used without the owner's
agreement from third party applications setup in the same device. The recent facebook - Cambridge Analytica
scandal (Facebook—Cambridge Analytica data scandal, Wikipedia 2018) is one of these cases highlighting the
problem of controversial privacy policies of the giant company. EU General Data Protection Regulation (GDPR,
2016) is an important change in data privacy legal framework and could be a solution. So far GDPR is already
embedded in the UAVs usage regulations (Trilateral Research, 2018).

3.5. Benefits inequality issues

Socio-economic inequality is likely to continue to increase and along with it disaster risk for countries,
communities, households and businesses that have only limited opportunities to manage their risks and
strengthen their resilience would probably also increase. Research suggests that disasters cause
impoverishment, which can lead to a cycle of losses, poverty traps and a slowing of efforts to reduce poverty
(UNISDR, 2015). Moreover, inequality is not just about the unequal distribution of income. Access to services,
political voice, and social and economic status directly affect disaster risk and resilience (Satterthwaite and
Mitlin, 2014). The September 2018 tsunami disaster in Palu, Indonesia is a typical case. Despite the existence of
a tsunami early warning system, more than 800 casualties have been reported. People stealing sensors and
maintenance budget cuts made the EWS useless (Ehrenkranz Melanie, 2018).

4. Conclusions

There are significant issues in using the Al technology in sensitive sectors and/or exclusively in general. On the
other hand, technological developments have been a one-way road throughout the history of humanity, as its
benefits seem to be more and more important than its disadvantages.
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However, there is an urgent need to define and establish a framework of global ethics for the Al usage, in order
to ensure transparency, complementary rather than exclusive use, scientifically documented and social
accepted input data and weights, personal data respect and equal rights to the Al benefits.

The Al era comes with promises, challenges and risks.

According to Melvin Kranzberg's first law of technology: "Technology is neither good nor bad; nor is it neutral."
(Melvin Kranzberg, Wikipedia 2018). It's about the human species to put it to good use.
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Abstract

In this study, we propose the Real-Time Safety Level (RealTSL) mathematical model for safety critical systems’
safety level determination during their operation, and its dynamic calculation, based on the STAMP accident
model. The proposed model utilizes the outcome of an STPA hazard analysis to construct acyclic diagrams
composed of nodes and lines, where each node depicts an STPA derived safety constraint and each path of
nodes depicts a possible scenario to the defined accidents. Based on the RealTSL mathematical model the safety

_ >\ 5 — + —
level is defined as SL = max(p) =Pw = (y“”tﬁw (yw)), where & is the set of all possible safety
constraint violation scenarios that can lead to accidents, Pw is the most detrimental to safety scenario at any

+
point of time, Yw is the level of completeness of this scenario for the current time value, and finally tﬁw (yw) is
the time left until the most detrimental to safety scenario leads to an accident.

The mathematical model of RealTSL is demonstrated using a fictitious system of the “classical” train door STPA
analysis. Aims of the paper are first to open a new perspective in the STAMP literature and on the problem of
measuring what the actual safety level is at a certain moment in time at a given context and second, to generate
new discussions on the topic of accident forecasting methods.

Keywords: Safety level, STPA, RealTSL, Safety

1. Introduction

Maintaining safety into acceptable levels is among the major managerial concerns in many industries. To
address this, concern several safety indicators are used to monitor safety drifts about major hazards. Numerous
categories of safety indicators have been proposed in the literature such as event indicators, barrier indicators,
activity indicators, and programming indicators (@ien, 2010 and Thieme et al., 2017).

However, recent accidents indicate that safety cannot always be monitored and controlled effectively.
Characteristic are the statements of Dekker (2006) on that “we need to get smarter at predicting the next
accident” and of Dallat et al. (2017) on that “new approaches to risk assessment are required that support the
identification of risks”. These statements indicate that there are doubts among safety experts on the
effectiveness of traditional toolkits that are typically used to measure the safety level. Additionally, the
challenge of measuring what the actual safety level of a system is at a certain moment in time at a given context
still remains (Knegtering et al., 2013), regardless of the introduction of new accident models that view safety as
an emergent system property.

In response to this challenge Dokas et al. (2013) introduced EWaSAP, which guides analysts to a) Select and
configure the appropriate sensors, so the controllers of the system will be suitably equipped to comprehend
the occurrence of safety constraints violations during the operations phase. b) Define which sensor data or the
streams of data are justifiable early warnings to accidents. c) Help analysts in designing early warning messages
that will not contribute to the occurrence of accidents.

Leveson (2015) proposed a formal foundation and structured process to identifying and monitoring system-
specific leading safety indicators and guidelines in designing a risk management structure to use such indicators
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effectively. The basic hypothesis in Leveson’s work is that useful leading indicators can be identified based on
the assumptions underlying our safety engineering practices rather than on the likelihood of loss events. Thus,
there is a need to monitor, whether the generated safety assumptions based on which a system was designed,
hold during the phase of operations or are vulnerable or changed.

Chatzimicailidou et al. (2016) introduced the RiskSOAP indicator based on which one can compare the safety
constraints of existing systems compared to their ideal set of safety constraints that derive from their STPA and
EWaSAP analysis. The RiskSOAP indicator has been suggested as a measure for safety regarding the gap
between system design and operation, thus increasing the system’s risk situation awareness (Chatzimicailidou
et al.,2017).

The problem is that there are no mathematical models available for determining dynamically what the safety
level is at a certain moment in time at a given context and how much time is left for an accident to happen. To
address this problem, we propose the Real-Time Safety Level (RealTSL) process and it’s mathematical model for
systems’ safety level determination and its dynamic calculation based on the STAMP accident model. The
proposed model utilizes the outcomes of STPA hazard analyses which are transformed into acyclic diagrams. In
these diagrams, each node depicts an STPA based safety constraint, and each path of the acyclic diagram depicts
a possible scenario of safety constraints violations that can lead to accidents.

RealTSL defines the safety level (SL) of a system in a specific time ¢ as SL = max(p) where o is the
ordered set of all possible paths of the acyclic diagram which is generated by STPA that are “active” in time .

max(ﬁ) denotes the path, or the set of paths, which are considered as the “worst” among the paths of the
acyclic diagram in terms of: a) Their level of completeness (i.e. how many nodes are left until the “active” nodes
in each path reach the node which represents the accident). b) The time left until the accident, based on the
characteristics of each path for time t.

The proposed mathematical model is demonstrated herein using the STPA hazard analysis of a fictitious system
similar to the “classic” train door STPA analysis example (Pope, 2017). Furthermore, a discussion of its
applicability and its limitations is made, together with proposals of future research directions.

2. STPA

STPA is a hazard analysis approach based on the STAMP accident model. According to STAMP safety is an
emergent property of systems and accidents can occur not just because of component failures but also due to
unsafe interactions among system components that did not fail (Leveson et al., 2018). Thus, the problem of
maintaining the system behaviors away from their hazardous states during their operations is, in essence, a
dynamic control problem. That means that the feedback control loops that consist the system should be
designed, developed and operate in a manner that their controllers will not enforce unsafe control actions in
any possible operational context or environment. This could be achieved by applying the STPA hazard analysis,
ideally as early as possible, during the life cycle of the system.

The STPA hazard analysis consists of four steps. In the first step, the purpose of the analysis and the boundaries
of the system are defined, together with the losses or accidents, the system level hazards, and the system level
safety constraints. During the second step of STPA, a functional diagram known as the safety control structure
diagram is developed, where the controllers and the controlled processes of the system are shown, together
with the control actions and the feedback, which each controller is receiving by the process it controls.

In the third step, the control actions of each controller are analyzed to examine under which contexts they could
lead to the identified losses. The so-called Unsafe Control Actions (UCA) are then translated into safety
constraints or safety specifications. The fourth step aims at identifying the reasons why unsafe control actions
might be enforced in the system. As a result, some loss scenarios are created to explain how incorrect feedback,
inadequate requirements, design errors, component failures, and other factors could cause unsafe control
actions and ultimately lead to losses. How safe control actions might be provided but not followed or executed
properly, leading to a loss (Leveson et al., 2018).

A set of written safety specifications or constraints is the typical output of an STPA process. Table 1 shows
indicative examples of STPA derived safety constraints on an automotive Electric Power Steering devise from
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the work of Martinez (2015). Each row of Table 1 presents a safety specification together with how that
specification is linked to Unsafe Control Actions (UCAs), Hazards (H) or Accidents/Losses (A).

Specifically, the first three rows of Table 1 show the specification derived during the first step of the STPA
analysis when the losses of the system under study were defined. Rows 4 to 7 show the specifications derived
during the first step of the STPA analysis when the system level hazards on an automotive Electric Power
Steering devise were defined. Row 8 shows one specification that derived during the third step of the STPA
analysis when the UCAs were defined. Lastly, row 9 shows one specification that derived during the fourth step
of the STPA analysis when the loss scenarios were defined. The third column of Table 1 informs us how the
violations of the loss scenario, UCA, and Hazards specifications can contribute to the occurrence of accidents
Al, A2, A3. For example, the bottom cell in column 3 shows that in case of a violation of the loss scenario
specification (see row 9) contributes to the violation of the UCA derived specification (Row 8).

Table 1: STPA analysis sample of an automotive Electric Power Steering (Martinez, 2015)

# |Symbols Description Links

1 A1 [|Vehicle occupants are injured during the operation -

2 A2 [The vehicle is damaged (economic loss) -

3 A3 |Loss of customer preference/ brand loyalty -

4 H-1 |Vehicle occupants experience harmful conditions during vehicle A1,A2,A3
operation.

5 H-2 |Vehicle does not maintain minimum separation from other moving A1,A2,A3
bodies.

6 H-3 |Vehicle does not maintain minimum separation from static bodies. A1,A2,A3

7 H-4 |Vehicle is difficult to operate A1,A2,A3

8 | UCA1 [SCM (Steering Control Module) does not provide assistance level H-1,H-2,H-3,H-4
command when the driver executes a steering maneuver

9 S1 SCM provides assistance command, but it is not effective because the UCA1
current to
power the motor is low. The current is too low because:
(J System voltage is too low

3. The RealTSL Methodology and Process
3.1 Overview

The RealTSL methodology is depicted in Figure 1. It comprises two processes. The first is the RealTSL Model
Development process for the system under study. The objective in this phase is to define a dedicated, to the
system under study, mathematical model based on which its safety level will be calculated in real time. The
second phase is to plug in to the real system the RealTSL Operational System which based on real-time data
will calculate its safety level in real time. This paper is focusing only into the first phase of the RealTSL
methodology.

The RealTSL Model Development process begins by retrieving the values of the following inputs: a) Safety
constraints or safety specifications derived by the STPA analysis, b) The Safety Level Tolerance Managerial
Decision k. c) The time ranges associated with the links of the acyclic diagram, and d) The operation method
based on which a single time value will be selected to express every time range associated with the links that
connect the nodes in the acyclic diagram. It continues then with the transformation of the STPA safety
specifications into an acyclic diagram. With the acyclic diagram as a foundation, the RealTSL mathematical
model for the system under study can be fully defined.
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RealTSL Methodology
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Figure 1: The Real TSL Methodology

After the definition of the mathematical model, the RealTSL Operational System process for the system under
study can begin. During that process, real-time data are fed into the Dedicated RealTSL mathematical model
which produce as an output the calculated safety level value for the system under study at each time ¢.

3.2 Definitions
3.2.1 Concepts and Definitions Related to the Acyclic Diagram

As mentioned in Section 3.1 the safety specifications of STPA are transformed into an acyclic diagram. Figure 2
(b) shows the diagram which can be produced by the specifications of Table 1. Each diagram has nodes and
connections. Each node represents a safety specification produced by STPA, and each connection represents
the link between two safety specifications of STPA as shown in the third column of Table 1. The state of a node
in a given time can be true/active or false/inactive. If a node is active, this means that its corresponding STPA
safety constraint has been violated in a given time in the actual system and inactive means the opposite.

The nodes of the RealTLS acyclic diagram typically form a tree-like structure (see for example Figure 2(b), Figure
5) with the nodes located in four levels. The nodes in Level 1 of the acyclic diagram, which is at the bottom of
the tree-like structure, express the STPA safety specifications which are derived by the loss scenarios (the fourth
step of STPA). The nodes representing the specifications from the defined STPA losses are at Level 4. The nodes
from UCAs safety specifications are in Level 2, and lastly, nodes from system level hazards safety specifications
are at Level 3. Figure 2(b) shows these levels using the specifications of Table 1.

A RealTSL path is defined as a possible scenario of safety constraints violations that can lead to accidents. It is
one of the possible “roads” leading from the lowest level (loss scenarios) to the highest (losses) using the
connections between nodes. For example, in Figure 2(b) one possible path is S1> UCA1-> H3-> A2 (shown with
bold arrows), knowing this the example of Figure 2(b) has a total of 12 paths. Each path is comprised of 4 nodes
one in each Level of the tree-like structure. Each path has three characteristics.

The first characteristic is the “Operational Mode” OM in which the path belongs to. For instance, referring to a
plane system during its take-off mode, out of the total set of the acyclic diagram paths that can be produced
from the plane system, the paths which will be computed during the RealTSL Operational System process of the
methodology will be only those belonging to the take-off mode of plane operations. This is depicted in Figure 1
by the exponentiation symbol OM in the Real Time Data(t) input and into the SL(t) output.
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The second is “Path Completeness” ¥/ which expresses in which Level of the acyclic diagram is the highest active
node of a given path P in time . The path completeness characteristic can take one of the following discrete
values {1,2,3,4}. Specifically, each path is constructed by four (4) nodes each closer to the accident. When the
highest-level node of a path in the acyclic diagram is active, then the path is fully complete, and an accident has
occurred. In this case, the path completeness takes the value 4. For example, Figure 1(a) shows the same path
in two different instances. In both cases, the path completeness takes the value 3 because the highest active
node is in the hazards level (i.e., in Level 3 of the diagram). Thus, regardless that in one instance a node in the
scenarios level (i.e., in Level 1 of the diagram) is active the path completeness value is 3.

+
The third is the “Time Remaining Until Accident” tﬁ <y> which expresses the time which is left for a path to

reach the node that represents the occurrence of an accident (i.e., the Nodes at Level 4 of the acyclic diagram).

Level 4 Level 4

Level 2 @ Level 2 @
@

Level 3

Connection
Level 2

Path

O @

Inactive Node  Active Node

Level 1 Level 1

Level 1

(a) (b)

Figure 2: Examples of acyclic diagrams and representation of (a) path
completeness, levels an active node, (b) paths, nodes, connections,

3.2.2 Time Related Concepts and Definitions

Several RealTSL concepts are related to time. The first is the concept of “Current Time” ¢ which is the classical
representation of time in physics being a numerical value “ticking” for every second since the beginning of the
RealTSL analysis.

The sec