Bulgarian Cartographic Association
International Cartographic Association
University of Architecture, Civil Engineering and Geodesy

PROCEEDINGS VOL. 2
4TH INTERNATIONAL CONFERENCE
ON CARTOGRAPHY AND GIS
June, 18-22, 2012
Albena, Bulgaria

SEMINAR WITH EU COOPERATION ON
EARLY WARNING AND CRISES MANAGEMENT
CO-ORGANIZER: MASARYK UNIVERSITY, BRNO, CZECH REPUBLIC
UNDER THE AUSPICES OF THE AMBASSADOR OF THE CZECH REPUBLIC MR. PAVEL VACEK

UNDER THE PATRONAGE OF MS. KRISTALINA GEORGIEVA,
MEMBER OF THE EUROPEAN COMMISSION

Editors: Temenoujka Bandrova, Milan Konecny, Georgi Zhelezov

Reviewers: Joanna Bac-Bronowicz, Temenoujka Bandrova,Ulrich Boes,
Miljenko Lapaine, Jose Jesus Reyes Nunez, Rufino Perez, Necla Ulugtekin,
Laszlo Zentai, Georgi Zhelezov

4th International Conference on Cartography and GIS
Seminar with EU Cooperation on Early Warning and Crises Management

Proceedings 2
18-22 June 2012, Albena Bulgaria
© Editors: Temenoujka Bandrova, Milan Konecny, Georgi Zhelezov
© Publisher: Bulgarian Cartographic Association
1, Chr. Smirnenski Blvd.
1046 Sofia, Bulgaria, 2012
Pre-press and printing: Military Geographic Service
ISSN: 1314-0604

2

4th International Conference on Carthography and GIS
June 18-22, 2012, Albena, Bulgaria
International Organizing Committee
President:
MILAN KONECNY, ICA President (former), Chair of ICA Commission on Cartography in Early Warning and Crises
Management, CZECH REPUBLIC

Members:
ALESSANDRO ANNONI Head of Digital Earth and Reference Data Unit, JRC Ispra, ITALY
JOANNA BAC-BRONOWICZ President, Association of Polish Cartographers, POLAND
ULRICH BOES President, Association for Geospatial Information in South-East Europe, BULGARIA
PHILIPPE DE MAEYER Chair ICA Commission on Management and Economics of Map Production, BELGIUM
EMILE MAES General Manager of Eurosense, BELGIUM
MILJENKO LAPAINE Chair ICA Commission on Map Projections, Croatian Cartographic Society, CROATIA
ZHILIN LI Hon. Vice President, Chinese Society of Geodesy, Photogrammetry and Cartograpphy, Hong Kong,
CHINA
TAKASHI MORITA Past Chair ICA Commission on Ubiquitous Mapping, JAPAN
RUFINO PEREZ Technical University, Madrid, SPAIN
JOSE JESUS REYES NUNEZ Chair ICA Commission on Cartography and Children, HUNGARY
KIRA SHINGAREVA Past Chair ICA Commission on Planetary Cartography, RUSSIA
ATHINA TRAKAS OGC Director European Services
NECLA ULUGTEKIN Istanbul Technical University, TURKEY
LASZLO ZENTAI ICA Secretary General and Treasurer, HUNGARY
SISI ZLATANOVA, Chair ISPRS WG IV/8 “3D Spatial Data Integration for Disaster Management and
Environmental Monitoring”, THE NETHERLANDS

Local Organizing Committee
President:
TEMENOUJKA BANDROVA, University of Architecture, Civil Engineering and Geodesy (UACEG), Sofia,
President, Bulgarian Cartographic Association

Members:
ANGEL ANGELOV Manager, Geodetect Ltd.
CHAVDAR DINEV Manager, DataMap - Europe Ltd.
GEORGE GLADKOV Military Geographic Service
KAMEN ILIEV Development & Investigation, Centre for National Security& Defence Research
EVGENIA KARADJOVA Manager, ESRI Bulgaria
PENKA KASTREVA Southwest University, Blagoevgrad
RUMYANA KUSHEVA President, Bulgarian History Teachers' Association
SILVIYA MARINOVA Secretary, Bulgarian Cartographic Association
RAINA PAVLOVA Technical University, Sofia
PETER PENEV, University of Architecture, Civil Engineering and Geodesy, Sofia
STEFAN PEYKOV General Manager, Research Center ECOPAN, Bourgas
GEORGE VALEV Shumen University
RUMYANA VATSEVA National Institute of Geophysics, Geodesy, and Geography - Bulgarian Academy of Sciences
GEORGI ZHELEZOV Head of Section "Physical Geography" National Institute of Geophysics, Geodesy and
Geography - Bulgarian Academy of Sciences
Advisory board:
BORIS DAVIDKOV Sofia University “St. Kliment Ohridski”
ANTOANETA FRANCOVA Head of aerospace monitoring centre at the Ministry of Interior
VENETA KOTSEVA University of Forestry, Sofia

3

Contents

№ Title

1
2
3
4

Authors

Introduction
Early Warning and Cisis Management Geographic
Information Research Agenda
Standards for Exchange and Storage of 3D Information:
Challenges and Opportunities for Emergency Response
Testing the Implementation of the Flood Directive on the
Middle Loire and Cher Rivers in France
Web Services and Information Support during
Emergencies

5

Landmark Orientation for Pedestrians: a Case Study at
Selcuk University

6

The Analysis of Natural and Technogenic Features of
Hazardous Zones (as an Example of Seasonal Flooding in
the Ob River Flood-Plain within Novosibirsk City)

7

Visualization of the Impact of the Catastrophic Flooding
Events

8
9
10
11
12
13

INSPIRE and Protected Sites – an Overview and
Recommendations
Level Crossings Register as Part of the Integrated Rescue
System in Czech Republic
A New LoD Definition Hierarchy for 3D City Models
Used for Natural Disaster Risk Communication Tool
Students’ Understanding of Early Warning and Disaster
Management
Construction оf The Public Emergency Service Geographic
Information Platform
Flood Risk Mapping in West Aegean Sea River Basin

4

Pages

Milan Konecny

5

Milan Konecny

7

Sisi Zlatanova, Jantien
Stoter, Umit Isikdag
Vanda Turczi, Pierre
Philippe, Robin Durant
Pavel Špulák
Huseyin Zahit Selvi,
Ibrahim Oztug Bildirici,
Georg Gartner
Alexander P. Karpik,
Vladimir A. Seredovich,
Eduard L. Kim, Alexey
V. Dubrovskiy
Darka Mioc, François
Anton, Kealeboga
Kaizer Moreri, Bradford
Nickerson, Ernest
McGillivray, Moussadak
Mezouagh, Lori Moford,
Patrick Tang
Martina Triplat Horvat,
Miljenko Lapaine
Robert Cíhal
S. Kemec, S. Duzgun, S.
Zlatanova
Yoanna Milanova,
Monika Rusnakova
Zhu Yi, Zhng Fu-Hao,
Sun Li-Jian, Gao Shan
Nadka Stoimenova

17
29
39
47

57

63

71
83
95
105
115
123

4th International Conference on Carthography and GIS
June 18-22, 2012, Albena, Bulgaria
Dear Readers, Dear Colleagues,

It has been almost two years since our last EU seminar organized in Nessebar, Bulgaria under the auspices of the Czech
ambassador and in cooperation with the International Cartographic Association (ICA) and the University of
Architecture, Civil Engineering and Geodesy (UACEG), Sofia. In 2012 in Albena we are pleased to have more partners.
Among the most active participants are Masaryk University, Brno, Czech Republic and newly established ICA
Commission on Cartography in Early Warning and Crises Management which has been approved in ICC 2011 in Paris.
Our seminar integrates some global and EU concepts, approaches, and technologies in Early Warning and Crises
Management areas. During the last two years, the need of urgent and efficient measures in crisis situations was
outlined, especially after Fukushima accident where the nuclear power station was resistant enough to the earthquake
but not to the succeeding tsunami. The heavy consequences and the way Fukushima problem was solved unfortunately
confirmed what we formulated during our last events on the topic: three EU seminars in Bulgaria, symposium in Prague
and China-EU conference in Beijing in 2009. Cartography and geoinformatics portfolios are underevaluated as
solutions to various problems in disaster management. It is true what Prof. Shunji Murai from Japan said after
Fukushima tragedy: we need not hardware (in the sense of big constructions and sea flood walls) but more software (in
the sense of better organization and assistance of modern tools based on ICT technologies such as GIS, digital mapping,
remote sensing, etc., etc.). To help develop such knowledge is also challenge to our seminar.
At the UN kick-off meeting for new blueprint for disaster risk reduction, Ms. Margareta Wahlström, the UN SecretaryGeneral's Special Representative for Disaster Risk Reduction and chief of ISDR, said during a press conference in
Geneva (March 2012) “that economic losses caused by natural disasters last year amounted to an estimated minimum of
$380 billion, two thirds higher than the previous record in 2005. She attributed the heavy losses to the earthquake and
tsunami in Japan, the New Zealand quake, and severe floods in Asia and others parts of the world. The main message is
that this is a very rapidly increasing trend with increasing economic losses. Globally, disaster mortality is in fact
proportionally decreasing, but the economics of disasters is becoming a major threat to a number of countries,” she
added, pointing out that 50 per cent of the world’s population is exposed to disaster risk. The so-called Great East Japan
Earthquake, and the ensuing tsunami, killed more than 15,000 people and destroyed cities and villages along the coast
of the country’s Tohoku region, generating about 29 million tonnes of debris in that region alone. Some 3,305 people
are still listed as missing, and more than 340,000 others evacuated from the disaster zone have not been able to return.”
As a matter of fact, we can recognize two types of approaches to hazards and disaster problems. The first one is
connected to environmental efforts; most significant events were held in Rio de Janeiro, 1982 and Johannesburgh, 2002.
The forthcoming will be organized in Rio de Janeiro in 2012 (so called Rio+20). The second approach targets the
creation of theory and practice of disaster management. It was mainly encouraged by Hyogo conference in 2005, and is
constantly developed and improved during many conferences and seminars with global importance among others, the
Third Sessions of the Global Platform for Disaster Risk Reduction and World Reconstruction Conference, Geneva,
Switzerland, 2011, the Joint Symposium of ICA Working Group on Cartography in Early Warning and Crises
Management (CEW&CM) and JBGIS Geo-information for Disaster Management (Gi4DM) in Prague, Czech Republic
in 2009, the Early Warning and Disaster management workshops in Interexpo Geo Siberia, Russsia (in 2009-2012) and
last but not least the series of Seminars with EU cooperation on Early Warning and Disaster / Crisis Management
organized every two years in Bulgaria as a part of the International conferences on Cartography and GIS (2008, 2010,
2012).
The International Council for Science (ICSU) which mission is to strengthen international science for the benefit of
society reported to its 28th General Assembly in 2005, noting that research was needed on how to translate research
findings about natural hazards and human behaviour into policies that are effective in minimizing the human and
economic costs of hazards. Such research required a multidisciplinary approach focused on the needs of identified
customers. It was further recommended design a programme of research aimed at strengthening international science to
provide a firmer basis for policies to prevent natural hazards from becoming disasters. Such an objective will need: an
international collaborative research programme lasting a decade or more; the combined insights of the natural, health,
social and engineering sciences; engagement with populations living in hazardous areas, to understand better the social
and cultural determinants of choice in the hazards context; engagement with policy-makers at regional, national and
international level, to understand better the constraints on policy-making in the hazards context; the ability to
accommodate both individual hazards and the interplay between hazards; a long-term perspective; a focus on delivering
new scientific insights for the primary customers; and development agencies, humanitarian assistance agencies and
governmental policy makers. (A Science Plan for Integrated Research on Disaster Risk; Addressing the challenge of
natural and human-induced environmental hazards. ICSU, 2008. Paris. 64p.).
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In European Union have been adopted several key documents such as by the Council. The Council of the European
Union (Council Conclusions on a Community framework on disaster prevention within the EU 2979th JUSTICE and
HOME AFFAIRS Council meeting Brussels, 30 November 2009) emphasised that a Community framework on disaster
prevention in the EU should support and encourage the exchange of information related to disasters and their social,
economic and environmental impact, taking relevant research into account, and develop knowledge and best practices
concerning methods for prevention of disasters. It also acknowledges the need to strengthen the link between policy
makers, including official disaster management organisations and research areas. The Council also calls on the
Commission to take several actions, among others: to bring together existing private sector and public sector data and
information on disasters and their social, economic and environmental impact; identify gaps and issues of comparability
between national data collection systems and carry out studies on different methods of risk assessment with a view
toward providing guidance on methods and common definitions. It should take into account directives and projects such
as INSPIRE, GMES and SEIS, and, all activities coming with Digital Agenda of Europe.
Proceedings Volume 2 contains papers of Seminar with EU cooperation on Early Warning and Disaster / Crisis
Management organized under the auspices of the Czech ambassador to Bulgaria His Excellency Mr. Pavel Vacek and in
cooperation with ICA Commission on Cartography in Early Warning and Crises Management, University of
Architecture, Civil Engineering and Geodesy, Sofia, Bulgaria and Laboratory on Geoinformatics and Cartography,
Department of Geography, Faculty of |Science, Masaryk University, Brno, Czech Republic.
Papers are inherently divided into two groups. The first part contains papers prepared by the scientists participating to
the Seminar and treats the following topics: European Concepts for Crises Management (CM) and Early Warning
(EW); Visualization of Geodata and Geoinformation in CM and EW; GIS in Early Warning and Crises Management;
User Needs and Context Mapping; From Discovery to Full Interoperability in CM and EW; SDI and CM: INSPIRE
Influence; "Speaking the Same Language - Semantic Aspects of CM"; Sensor Mapping for EW and CM; and Early
Warning and Disaster/Crises Management Policy-Making Based on Scientific Support. The second group of papers
consists of presentations prepared by World industry representatives, such as ESRI and Intergraph.
I am deeply convinced that the knowledge collected in our Proceedings will give a new impulse for further
development, encourage best practices sharing and improvement of existing technologies. I also hope that it will
represent an important step for integrative approaches and creation of new paradigms and new geographical and
cartographical thinking in the fields of Early warning and Crises management.

Prof. Dr. Milan KONECNY.
President, International Organizing Committee

6

4th International Conference on Carthography and GIS
June 18-22, 2012, Albena, Bulgaria

Early Warning and Crisis Management Cartographic and Geographic
Information Research Agenda
Milan Konecny
Laboratory on Geoinformatics and Cartography, Department of Geography,
Fakulty of Science, Masaryk University, Brno, Czech Rep.
Abstract
Paper describes contemporary situation in emergency management and potentials of cartography and geoinformation
in all procese sof Early Warning (EW) and Crises Management. Also some topics of possible research agenda are
mentioned: context and adaptive mapping, dynamic geovisualization, standards, congnitive style, legend design and
Volunteer Geographic Information and as well as Virtual Geographic Environments are discussed.
1.

INTRODUCTION

The impacts of natural hazards continue to increase around the world; the frequency of recorded disasters affecting
communities significantly rose from about 100 per decade in the period 1900-1940, to 650 per decade in the 1960s and
2000 per decade in the 1980s, and reached almost 2800 per decade in the 1990s. Hundreds of thousands of people are
killed and millions injured, affected or displaced each year because of disasters, and the amount of property damage has
been doubling about every seven years over the past 40 years. (ICSU, 2008).
Although earthquakes and tsunamis can have horrific impacts, most disaster losses stem from climate-related hazards
such as hurricanes, cyclones, other major storms, floods, landslides, wildfires, heat waves and droughts. Current
evidence demonstrates that changes in the global climate will continue to increase the frequency and severity of
climate-related hazards.
The increases in costs of disasters are taking place in both developed and developing countries, which suggest that
reducing the risks from hazards is not simply a matter of economic growth and development. There is a great shortfall
in current research on how science is used to shape social and political decision-making in the context of hazards and
disasters. These issues also highlight the need for more systematic and reliable information on such events.
Margareta Wahlström (2012), the head of the secretariat of the UN International Strategy for Disaster Reduction
(UNISDR), said the new blueprint will build on the success of the 2005-2015 Hyogo Framework for Action (HFA) that
was aimed at making the world safer from natural hazards. The Framework was agreed at the World Conference on
Disaster Reduction held in Kobe in Japan’s Hyogo Prefecture in January 2005 on the 10th anniversary of the Great
Hanshin-Awaji Earthquake of 1995, and a month after the Asian tsunami.
“The learning from the Great East Japan Earthquake will be a vital contribution to preparing the world to meet the
challenges of disaster risk in the urbanized, globalized world of the 21st century where a natural hazard can trigger a
chain of catastrophic events impacting lives and livelihoods in tragic ways unless we are realistic in our assessment of
risk and act accordingly.”
Ms. Wahlström told a news conference at UN Headquarters that economic losses caused by natural disasters last year
amounted to an estimated minimum of $380 billion, two thirds higher than the previous record in 2005. She attributed
the heavy losses to the earthquake and tsunami in Japan, the New Zealand quake, and severe floods in Asia and others
parts of the world.
“The main message is that this is a very rapidly increasing trend with increasing economic losses. Globally, disaster
mortality is in fact proportionally decreasing, but the economics of disasters is becoming a major threat to a number of
countries,” she added, pointing out that 50 per cent of the world’s population is exposed to disaster risk.
Meanwhile, the UN Environment Programme (UNEP) said today that remarkable progress has been made in sorting
and disposing of millions of tonnes of waste following the catastrophic earthquake and tsunami in Japan nearly a year
ago.
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2.
TRENDS AND CONCEPTS DESIGN FOR EARLY WARNING AND CRISES
MANAGEMENT
There are two flows of development in the field (Konecny a kol. 2011, Konecny, 2011):
1.
Environmental, connected with most convenient approaches to environmental problems of the Earth.
There are developed together with „sustainable development“, concepts.
The examples are documents from sound conferences, like the United Nations(U.N.) Conference on Environment and
Development, Rio de Janeiro, 3-14 June 1992, further U.N. World Summit for Sustainable Development (WSSD) in
Johannesburg in 2002, upcoming UN conference Rio + 20 in Rio de Janeiro in 2012, and so on.
2.
Disaster management and risk reductions.
Representatives of this flow are conferences in Yokohama a Hyogo (in 1994 and 2005), further conferences Global
Platform for Disaster Risk Reduction in Geneva in 2010 and as well as last but not the least concepts of ISDR - United
Nations International Strategy for Disaster Reduction), and/or developed by IRDR - Integrated Research on Disaster
Risk – addressing the challenge of natural and human-induced environmental hazards.
The role of science and research linked with Early Warning and Emergency Management is very specific. The roles of
both are treated as only practical activities. For many years there have been limited mainly for realization of inhabitants
needs to help in crises situations.
Later the efforts expanded and concentrates also for the preparedness of the population in dangerous areas for a specific
type of disaster that occurred in them. New technologies and a dedicated scientific research have been accepted too
slowly, and it took too long time when they have been accepted as a means to significantly change the quality of
assistance provided to disaster risk reduction.
This paper would also like to add concepts, and ideas about how often neglected geoinformatics and cartography could
contribute to improvement of quality and results of disaster risk reduction. Last experiences from solution of major
disasters – earthquake and tsunami in Japan (Fukushima) and before it hurricane Katrina (USA) or earthquake in
Sechuan (China) – demonstrated their big potentials and urgent need not only in emergency management in times of
disasters but as well as for organization of rescue operations, evaluating their consequences, planning help and last but
not least, the true and actual (on-line) informing the general public.
In the 2002 U.N. World Summit on Sustainable Development – WSSD in Johannesburgh were first time formulated
concrete supports and needs to improve investigation of sustainable development by newest technologies. In part X of
Means of implementation in paragraphs 132 and 133 is said:
“Promote the development and wider use of earth observation technologies, including satellite remote sensing, global
mapping and geographic information systems, to collect quality data on environmental impacts, land use and land-use
changes, including through urgent actions at all levels to:
(a) Strengthen cooperation and coordination among global observing systems and research programmes for
integrated global observations, taking into account the need for building capacity and sharing of data from ground based
observations, satellite RS and other sources among all countries;
(b) Develop information systems that make the sharing of valuable data possible, incl. the active exchange of
Earth observation data;
(c) Encourage initiatives and partnerships for global mapping.
Paragraph 133 said: Support countries, particularly developing countries, in their national efforts to:
(a) Collect data that are accurate, long-term, consistent and reliable;
(b) Use satellite and remote-sensing technologies for data collection and further improvement of ground-based
observations;
(c) Access, explore and use geographic information by utilizing the technologies of satellite remote sensing,
satellite global positioning, mapping and geographic information systems.“
Real principles of new complex approach to the field of emergency management have been formulated in two
conferences in Japan: Yokohama 1994 and Hyogo 2005. In first one is formulated request for: „The information,
knowledge and some of the technology necessary to reduce the effects of natural disasters can be available in many
cases at low cost and should be applied. Appropriate technology and data, with the corresponding training, should be
made available to all freely and in a timely manner, particularly to developing countries.“ Conference approved
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Yokohama Strategy and Plan of Action for a Safer World Guidelines for Natural Disaster Prevention, Preparedness and
Mitigation (1994) World Conference on Natural Disaster Reduction Yokohama, Japan, 23-27 May 1994.
Contemporary strategy, methodology and efforts in emergency management and efforts of disaster risk reduction have
been formulated in World Conference on Disaster Reduction, which was held from 18 to 22 January 2005 in Kobe,
Hyogo, Japan, and adopted the Framework for Action 2005-2015: Building the Resilience of Nations and Communities
to Disasters (here after referred to as the “Framework for Action”). The Conference provided a unique opportunity to
promote a strategic and systematic approach to reducing vulnerabilities and risks to hazards. It underscored the need
for, and identified ways of, building the resilience of nations and communities to disasters.
In Framework for Action are also defined several specific gaps and challenges in the main areas:
(a) Governance: organizational, legal and policy frameworks;
(b) Risk identification, assessment, monitoring and early warning;
(c) Knowledge management and education;
(d) Reducing underlying risk factors;
(e) Preparedness for effective response and recovery.
These are the key areas for developing a relevant framework for action for the decade 2005–2015. (Hyogo Framework
for Action 2005-2015)
In the Third International Conference on Early Warning 27-29 March 2006, Bonn, Germany which was held one year
after Hyogo conference, Mr. Jan Egeland, Under-Secretary General for Humanitarian Affairs asked for People-Centred
Early Warning Systems. The objective is to empower individuals and communities threatened by hazards to act in
sufficient time and in an appropriate manner so as to reduce the possibility of personal injury, loss of life, damage to
property and the environment and of livelihoods.
To be effective, people-centred early warning systems must integrate four elements:
1.
knowledge of the risks faced;
2.
technical monitoring and warning service;
3.
dissemination of meaningful warnings to those at risk; and
4.
public awareness and preparedness to act.
Failure in any one of these elements can mean failure of the whole early warning system.
To realize it we need:
- to go to the people at risk; to help them understand what is at stake, and to get them actively involved in the
development of their early warning systems;
- the political weight and commitment by governments, to protect their people with early warning systems.
-and international support and funds to help countries develop their systems and be part of the global system.
The European Commission is developing own strategy and approaches through several very important documents, such
as „Communication from the Commission to the European Parliament and the Council: Towards a stronger European
disaster response: the role of civil protection and humanitarian assistance (2008)”, European Parliament approved
document “European Union's disaster response capacity. Another document is “Communication from the Commission
to the European Parliament, the Council, the European Economic and Social Committee and the Committee of the
Regions: A Community approach on the prevention of natural and man-made disasters” (2009). Some of intentions of
the document have been fill up by publicizing of “Risk Assessment and Mapping Guidelines for Disaster Management.
Commission Staff Working Paper (2010).
Also Council of Europe came with Conclusions on a Community Framework on Disaster Prevention (2009). Between
others promote close cooperation of relevant research institutions and policy-makers, including official disaster
management organisations, in order to enhance the transfer of knowledge from the research community to the policy
level and to encourage the development of innovative technologies and methods; consider potential priorities for
relevant Community-funded research projects aimed at understanding the link between climate change and natural
disasters, developing methods for the efficient use of satellite images by policy makers; analysing the consequences of
building design and architecture in terms of risk factors and improving disaster prediction including through the use of
appropriate technologies (e.g. remote sensing technologies).

3. THE CONTEXT OF DISASTERS
To understand characteristics of disasters and our potential to solve them is one of the key topics of thinking of our
possibilities to improve EW and CM decision making process. The problem was very well elaborated in publication
Successful Respons starts with a map (The National Academy, 2007, pp.48-50):
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There are five major characteristics of disasters that make them hard to overcome:
1.
Disasters are large, rapid-onset incidents relative to the size and resources of an affected jurisdiction.
If pre-accident data are available, geospatial analysis can provide important insight into the nature and extent of
changes wrought by disasters.
2.
Disasters are uncertain with respect to both their occurences and their outcomes. This uncertainity
arises because hazaards that present a Great of disaster are hard to identify, the causal relationship between hazards and
disaster events is poorly understood and risks are hard to measure – that is, it is difficult to specify what kind of damage
is possible, how much damage is possible, and how likely i tis that a gven type and severity of damage will occur.
Geospatial models can help predict the locations, footprints, times and durations of events, and the damage they may
cause, so that jurisdiction can better prepare for them.
3.
Risks and benefits are difficult to assess and compare. Disasters present emergency planners,
emergency managers, and policy makers with countervailing pressures. On the one hand, is important to minimize the
exposure of populations and infrastructure to hazards; on the other, people people want to build and live in scenic, but
hazard-prone, areas and oftenoppose government regulation. Further, how should the various levels of government
address the balance between providing reliéf to the victims of disasters and the need or desire to avoid encouraging riskaccepting behaviour, etc. Geospatial data and tools are invaluable in making the necessary assessments of the
geographic distribution of risk and in estimating the quality of each assessment.
4.
Disasters are dynamic events. Disasters evolve as they progress, and they change in response to
human actions and natural forces. This makes it imperative that response strategies be flexible and argues for the value
of analysis in helping responders understand and adapt to the changing conditions they face. Managing these
phenomena cant hus bet he highly technical endeavor requiring specialized expertise for both policy development and
policy implementation. In particular geospatial data and tools can help incident managers to visualize the event over
time, track the activities of responders, and predict the outcomes of various courses of action.
5.
Disasters are relatively rare. Most communities experience few, if any, disasters during the average
time in office of a political official or the average time of residence of a citizen…More obvious and immediately
pressing public service concerns readily displace disaster preparedness as a priority. Specialized capabilities, such as
geospatial data and tools are especially vulnerable to budget cuts and resource realocation.

4.

CARTOGRAPHICAL AND GEOINFORMATICS ROLE

The role of our professions and also activities of ICA should be derived from at least three circles of activities going on
in contemporary world in the field of EW, CM and DRR. There are:
1. science and research trends in the World, mainly the United nations and on the continents like the European
Union;
2. capitalization of contemporary excellent portfolio offering to our scientific community new dimension by
realization of projects and directives such as GMES, GEOSS, INSPIRE and SEIS;
3. research with the objective of theoretical and practical results of cartography and geoinformatics by the
which we can improve the level of decision making in disasters situations and all emergency management
cycle.
Ad. 1. The best example are activities and results of ICSU (International Council for Science) and IRDR (Integrated
Research on Disaster Risk) (ICSU, 2008). A Science Plan for Integrated Research on Disaster Risk- IRDR, Addressing
the challenge of natural andhuman-induced environmental hazards have three research objectives:
1. The first of which deals with the characterization of hazards, vulnerability and risk.
The identification and assessment of risks from natural hazards on global, regional and local scales, and the
development of the capability to forecast hazardous events and their consequences would be, of necessity,
interdisciplinary. Understanding of the natural processes and human activities that contribute to vulnerability and
community resilience will be integrated to reduce risk. This objective would address the gaps in knowledge,
methodologies and types of information that are preventing the effective application of science to averting disasters and
reducing risk.
2. The second research objective involves understanding decision-making in complex and changing risk
contexts. Understanding effective decision-making in the context of risk management – what is it and how it can be
improved – calls for an emphasis on how human decisions and the pragmatic factors that constrain or facilitate such
decisions can contribute to hazards becoming disasters and/or may mitigate their effects.
3. The third research objective, on reducing risk and curbing losses through knowledge-based actions, would
require integration of outputs from the first two and could only be achieved through implementing and monitoring
informed risk reduction decisions and through reductions in vulnerability or exposure. Processes of human adjustment
or adaptation can be used to reduce vulnerability and increase resilience.
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Three cross-cutting themes would support these objectives:
-capacity building, including mapping capacity for disaster reduction and building;
-self-sustaining capacity at various levels for different hazards;
-the development of case studies and demonstration projects; and assessment, data management and monitoring of
hazards, risks and disasters.
The Inaugural Integrated Research on Disaster Risk (IRDR) Conference was organized by the IRDR and the China
Association of Science and Technology (CAST) and was held in Beijing, China from 31 October to 2 November 2011
(see also Konečný, M., Mulíčková, E., Kubíček, P., Jing, Li, eds., 2011 p. 115-116, Konečný M. a kol., 2011, p. 31-33).
The Conference adopted The 2011 Beijing Declaration and provided a platform from which to launch transdisciplinary, multi-sectorial alliances for the advancement of disaster risk research.
The 2011 Beijing Declaration on IRDR recognizes the IRDR Science Plan. The declaration is fully aware of the
international policy guidance provided by the Hyogo Framework for Action (2005-2015):
It calls for commitments to:
1. RESEARCH: Promote and advance research on natural, social, engineering and technology aspects of disaster risk in
an integrated environment and enhance team eff orts in hazard and disaster risk research, building on existing research
networks and initiatives, and integrating various stakeholder needs at all levels.
2. INTEGRATION: Ensure that disaster risk research programmes and policies are integrated across disciplines, and
contribute to enhancing policy-making and capacity building for reducing risk in the face of natural hazards.
3. GLOBAL STANDARDS: Develop and coordinate globally standardized open source information, disaster loss data,
event documentation and analysis procedures, guidelines and frameworks for integrated and eff ective disaster risk
management.
4. AWARENESS RAISING: Raise awareness of decision-makers and the public by promoting effective, integrated,
demand-driven, evidence-based disaster risk initiatives and increased advocacy including gender issues.
5. EDUCATION: Promote a holistic approach in natural hazards and disasters risk education and training by promoting
integration of risk into various curricula.
6. INCREASE FUNDING: Motivate funding sources (public, private, humanitarian, development, scientifi c, etc.) to
allocate priority funding to address the urgent need for applied integrated research on disaster risks.
7. AND specifi cally for the:
• Promotion of Forensic Investigations of Disasters (FORIN) to scientists, politicians and decision makers for
sound integrated disaster risk reduction through the development of a series of case studies with partners.
• Advancement of better integration of the social sciences into disaster risk research, especially with regard to
decision-making leading to Risk Interpretation to Action (RIA) research projects.
• A concise analysis of existing and applied methodologies of disaster data collection and impact assessment
leading to standardized and transparent data collaboration under the Disaster Impact and Loss Assessment Data
(DATA) project.
• Establishment of an Assessment of Integrated Research on Disaster Risk (AIRDR), the fi rst systematic and
critical global assessment of research on disaster risks.
• Enhanced and focused interaction between scientists, politicians and policy-makers, by introducing as the
project’s input the search for success by political actors.
• Contributions to the dissemination and implementation of recommendations stemming from the IPCC’s
Special Report on Managing the Risk of Extreme Events (SREX), and the preparation of the 2013 UN Global
Assessment Report on Disaster Risk Reduction.
The main research objectives of IRDR can be classified into three main parts:
1. Characterization of hazards, vulnerability, and risk
a. Identifying hazards and vulnerabilities leading to risks
b. Forecasting hazards and assessing risks
c. Dynamic modelling of risk
2. Understanding decision-making in complex and changing risk contexts
a. Identifying relevant decision-making systems and their interactions
b. Understanding decision-making in the context of environmental hazards
c. Improving the quality of decision-making praktice
3. Reducing risk and curbing losses through knowledge-based actions
a. Vulnerability assessments

11

b. Effective approaches to risk reduction
Above mentioned trends are very important for orientataion of the research of cartography and geoinformatics, ICA was
first between other sister organization who started to find connections with other disciplines and realize cross-bordering
to get better results of all GI community.
Ad. 2. Capitalization of contemporary excellent portfolio offering to our scientific community new dimension by
realization of projects and directives such as GMES, GEOSS, INSPIRE and SEIS. People are expecting images and
pictures documenting answers for their questions in the understandable form. Many of the approaches were documented
in the book of Konecny, M, S. Zlatanova and T. Bandrova, eds., 2010. There is big task to test that cartographical
products into groups of inhabitants, incl. children (Konecny, Bandrova, 2006) and seniors with respect to their needs.
Good examples could be find in Bandrova T. L, Marinova S, Milanova J (2009), Bandrova T., M. Konecny and M.
Rusnakova (2010), Borodko A.V., Berljant A.M., Savinykh V.P., Tikunov V.S. (2007), Bondur V.G., Savin A.I.,
Tikunov V.S. (2008), Zlatanova (2010).
Especially GMES offers two types of services: core and downstream ones. There are ideas about so called rapid
mapping. Rapid mapping on demand in case of humanitarian crises, natural disasters, and man-made emergency
situations within & outside Europe and there are also defines time limits for availability of different kinds of maps
(terminology is used according to GMES), eg.: Reference maps available within 6 hours over crisis area; Damage
assessment maps available within 24 hours & daily updated; and Situation maps and forecasts of evolution of situations
within the few days-weeks after crisis.
Ad. 3. research with the objective of theoretical and practical results of cartography and geoinformatics by the which
we can improve the level of decision making in disasters situations and all emergency management cycle.

We discuss this problem and convenient approaches in Konecny, M., Kubicek, P., Mulickova E., Jing Li, eds. (2001).
Concept of dynamic visualization based on main aim to improve cartographic support in time critical situations. The
main stones of the approach are:
•
Adaptation of map to context in which map is used
•
Support of various activities in different stages of flood management
•
Cognitive and perceptual research.
At the same time idea of context and adaptive cartography have been developed and results publicized in previous
Borovets, Nessebar and upcoming Albena proceedings and other papers of Konecny (2008), Konecny, Stanek (2010),
Kozel J. (2009). Kozel, J., T. Ludík, E.Mulíčková, J. Ráček, R. Štampach, Z. Trnková, (2011).
The new trends coming from cooperation with psychologist was created, it is investigation of cognitive style and its
potential in emergency management (Konečný M., Kubíček P., Šašinka Č., Stachoň Z.,(2011). Cognitive style is based
on the investigation of personality of map users. Cognitive style or "thinking style" is a term used in cognitive
psychology to describe the way individuals think, perceive and remember information, or their preferred approach to
using such information to solve problems.In investigation they have been found evidence about higher or leess ability
of individual persons in using of different cartographical products and images.
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There is also necessary to investigate and design variants of map legends for different purposes, situations and users in
emergency management process. The good examples are done in: Konečný, M., L. Friedmannová, K. Staněk (2006),
Březinová, Š. M.V. Drápela, L. Friedmannová, E. Mulíčková, M. Rybanský, K. Tajovská (2011), Bandrova T., M.
Konecny and M. Rusnakova (2010).
Very important is also creation of standards and metainformaftion systems (Konecny, M. and Bandrova, T., 2006,
Řeznik, T, 2011) which is multidisciplinary problem and ICA Commission on Cartography in Early Warning and
Crises Management started to cooperate with OGC and other organization in Europe and World.
Last but now least are newest trends in VGI and VGE. First one means Volunteer Geographic Information connected
with the terms, “crowdsourcing” and “collective intelligence” which draw attention to the notion that the collective
contribution of a number of individuals may be more reliable than those of any one individual. The term VGI refers
specifically to geographic information and to the contrast between the actions of amateurs and those of authoritative
agencies.” Goodchild (2009, p. 18). The term asserted that geographic information draws attention to the fact that such
information is not subject to the normal checks and quality control mechanisms of those agencies, while neo-geography
emphasizes the contrast between the grass-roots phenomenon and the current state of the academic discipline of
geography (see also Papadimitrou, 2010).
Second one, Virtual Geographic Environments is also newest trend with big potentials for emergency management and
many of its potentials should be repidly develop also in cartography (Hui Lin and Batty,eds., 2009). Cartography and
VGE both need to continue in the development of ubiquitous mapping, especially in the supportive, contextual, and
adaptive areas, which will help cartographers also in VGE to understand the real needs of various users with different
cultural and educational backgrounds, skills and abilities, environments and conditions ( Konecny 2011).
REFERENCES
Bandrova T. L, Marinova S, Milanova J (2009) Natural disasters mapping for crises management. UACEG, International Conference
UACEG 2009: Science & Practice, CD Proceedings. 12 p, Sofia, Bulgaria
Bandrova T., M. Konecny and M. Rusnakova (2010) Research of Students’ Cartographical Knowledge in Early Warning and Crisis
Management. In Geographic Information and Cartography for Risk and Crisis Management. Lecture Notes in Geoinformatics and
Cartography. ISSN 1863-2246, ISBN 978-3-642-03441-1 Springer Heidelberg Dordrecht London New York, 2010, pp. 361-378.
Borodko A.V., Berljant A.M., Savinykh V.P., Tikunov V.S. (2007) Theory, practice and perspectives of cartography development in
the Russian Federation. - XXIII International Cartographic Conference, 4-10 August 2007, Moscow. Opening Ceremony Papers, p.
2-6.
Bondur V.G., Savin A.I., Tikunov V.S. (2008) Main tasks of sustainable development of territories. - Proceedings of the International
Conference "Sustainable Development of Territories: GIS Theory and Practical Experience" InterCarto/ InterGIS 14, Saratov,
Urumqi, v. 1, pp. 3-7. (in Russian).
Březinová, Š. M.V. Drápela, L. Friedmannová, E. Mulíčková, M. Rybanský, K. Tajovská, Tvorba kartografické infrastruktury ss.
235-287, Kapitola 10. In: Konečný, M. a kol. Dynamická geovizualizace v krizovém managementu. Brno: Masarykova univerzita,
2011. 386 s. ISBN 978-80-210-5858-3.In Czech. (In English: Cartographic Infrastructure Development)
Communication from the Commission to the European Parliament, the Council, the European Economic and Social Committee and
the Committee of the Regions: A Community approach on the prevention of natural and man-made disasters. Brussels, 23. 2. 2009,
COM (2009) 82 final. Commission of the European Communities,
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2009:0082:FIN:EN:PDF).
Communication from the Commission to the European Parliament and the Council: Towards a stronger European disaster response:
the role of civil protection and humanitarian assistance, Brussels, 26.10.2010. COM (2010) 600 final),
(http://ec.europa.eu/echo/civil_protection/civil/prote/pdfdocs/COM_2010_600_European_disaster_response_en.pdf).
Council Conclusions on a Community framework on disaster prevention within the EU, 2979th JUSTICE and HOME AFFAIRS
Council meeting. Brussels, 30 November 2009. Council of the European Union,
http://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/jha/111537.pdf).
European Union's disaster response capacity. P6_TA(2008)0304. European Parliament resolution of 19 June 2008 on stepping up
the Union's disaster response capacity. (2009/C 286 E/04). Thursday 19 June 2008,
(http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:C:2009:286E:0015:0020:EN:PDF)
Goodchild M.F., Virtual Geographic Environments as Collective Constructions. Pp.15-24. In: Hui Lin, Batty M., eds.: Virtual
Geographic Environments. Science Press, Beijing, China. 350 p. 2009.

13

Hui Lin, Batty M., eds.: Virtual Geographic Environments. Science Press, Beijing, China. 350 p. 2009.
Hyogo Framework for Action 2005-2015: Building the Resilience of Nations and Communities to Disasters. Extract from the final
report of the World Conference on Disaster Reduction. (A/CONF.206/6) ISDR-International Strategy for Disaster Reduction.
UN/ISDR-07-2007. <http://www.unisdr.org/files/1037_hyogoframeworkforactionenglish.pdf>.
ICSU. A Science Plan for Integrated Research on Disaster Risk: Addressing the challenge of natural and human-induced
environmental hazards. ICSU - International Council for Science, 2008. 64 s. ISBN 978-0-930357-66-5.
<http://http://www.icsu.org/publications/reports-and-reviews/IRDR-science-plan/irdr-science-plan.pdf>.
Konecny M., 2008. Cartography New Perspectives in Crises Management Context. Pp. 46-67. In: Geography, Environment,
Sustainability. Vol. 1. No. 1, MGU Press. Moscow.
Konecny M., Cartography: Challenges and Potential in the Virtual Geographic Environments Era. Review. Pp.135-146. In:Annals of
GIS, Vol. 17, No. 3, September 2011,Taylor &Francis.ISSN: 1947-5683.
Konecny, M., Bandrova, T., Proposal for a Standard in Cartographic Visualisation of Natural Risks and Disasters. In International
Journal of Urban Sciences, 2006, Vol. 10, No2. Seoul: The University of Seoul, 2006. ISSN: 1226-5934, pp. 130-139.
Konečný, M., L. Friedmannová, K. Staněk. An adaptive cartographic visualization for support of the crisis management. In CaGIS
publications - Autocarto 2006. Vancouver WA: CaGIS, 2006. od s. 100-105, 6 p.
Konečný M., Staněk K., 2010. Adaptive Cartography and Geographical Education. 75-78. In: International Research in Geographical
and Environmental Education.Vol. 19, No 1,February 2010.
Konečný, M., P. Kubíček, Z. Stachoň, Č. Šašinka. The usability of selected base maps for crises management: users' perspectives.
SpringerLink, Applied Geomatics, Springer, 2011, 3, . 189–198, 10 s. ISSN 1866-9298. 2011.
Konečný, M., Mulíčková, E., Kubíček, P., Jing, Li (eds.) Geoinformation Support for Flood Management in China and the Czech
Republic. Brno: Masarykova univerzita, 2011. 121 s. ISBN 978-80-210-5751-7.
Konečný, M. a kol. Dynamická geovizualizace v krizovém managementu. Brno: Masarykova univerzita, 2011. 386 s. ISBN 978-80210-5858-3. In Czech. (Dynamic Geovisualization in Emergency Management)
Konečný, M. Early warning and emergency management in the World and the European Union: development, results and the role of
science and research. Chapter 1, pp. 18-33. In: Konečný, M. a kol. Dynamická geovizualizace v krizovém managementu. Brno:
Masarykova univerzita, 2011. 386 s. ISBN 978-80-210-5858-3
Konečný, M., Staněk, K., Adaptive cartography and geographical education. International Research in Geographical and
Environmental Education, London, Taylor & Francis, Routledge, Spojené království. ISSN 1038-2046, 2010, vol. 19/2010, no. 1/19,
s. 75 -78.
Konecny, M., Zlatanova, S., Bandrova, T. (eds.). Geographic Information and Cartography for Risk and Crisis Management Towards Better Solutions. Lecture Notes in Geoinformation and Cartography. Heidelberg, Dordrecht, London, New York: Springer,
2010. 14 s., s. 335-348. ISBN 978-3-642-03441-1.
Kozel, J., Kontextová mapová služba. Disertační práce. Brno: Přírodovědecká fakulta, Masarykova univerzita, 2009. 144 s.
Kozel, J., T. Ludík, E.Mulíčková, J. Ráček, R. Štampach, Z. Trnková, Principy dynamické geovizualizace, s. 99-128, Kapitola 5. In:
Konečný, M. a kol. Dynamická geovizualizace v krizovém managementu. Brno: Masarykova univerzita, 2011. 386 s. ISBN 978-80210-5858-3 In:Czech (In English: Principles of Dynamic Geovisualization)
Lisitsky, D.V. Katsko, S. Yu. Kolesnikov, A.A., Bugakov, P. Yu., Geoinformation in Crisis Management. 38-41 pp. In: Proceedins on
International Workshop on “Early Warning And Crises/Disaster And Emergency Management” 28-29 April 2010
Novosibirsk, Russian Federation. SSGA. 133 p.
Mulíčková, E. Kartografické modely, Kapitola 9. S. 210-234. In: Konečný, M. a kol. Dynamická geovizualizace v krizovém
managementu. Brno: Masarykova univerzita, 2011. 386 s. ISBN 978-80-210-5858-3. In Czech. (In English: Cartographical Models).
Řezník, T., Metadata, metainformační system, pp. 159-165, Kapitola 7.2. In: In: Konečný, M. a kol. Dynamická geovizualizace v
krizovém managementu. Brno: Masarykova univerzita, 2011. 386 s. ISBN 978-80-210-5858-3. In Czech. (In English: Metadata,
metainformation system)
Papadimitrou F., A “Neogeographical Education”? The Geospatial Web, GIS and Digital Art in Adult Education. International
Research in Geographical and Environmental Education (2010), Volume: 19, Issue: 1, Pages: 71-74. London, Taylor & Francis,
Routledge, Spojené království. ISSN 1038-2046, 2010

14

4th International Conference on Carthography and GIS
June 18-22, 2012, Albena, Bulgaria
Risk Assessment and Mapping Guidelines for Disaster Management. Commission Staff Working Paper. Brussels, 21.12.2010.
SEC(2010)
1626
final.
European
Commission),
http://ec.europa.eu/echo/civil_protection/civil/pdfdocs/prevention/COMM_PDF_SEC_2010_1626_F_staff_working_document_en.p
df).
Stachoň, Z., Šašinka, Č., & Talhofer, V. 2010. Perception of various cartographic representation under specific condition. In M.
Konečný, S. Zlatanova & T. L. Bandrova (Eds.), Geographic Information and Cartography for Risk and Crisis Management Towards Better Solutions (pp. 349–361). Berlin: Springer.
The National Academy of Science, National Research Council of the National Academies. Successful Response Starts with a Map.
Improving Geospatial Support for Disaster Management. Washington D.C: The National Acaademies Press, 2007. 184 s.
Third International Conference on Early Warning. Bonn, Germany, 27-29 March 2006. http://www.unisdr.org/files/608_10340.pdf
Yokohama Strategy and Plan of Action for a Safer World Guidelines for Natural Disaster Prevention, Preparedness and Mitigation.
World Conference on Natural Disaster Reduction Yokohama, Japan, 23-27 May 1994
Wahlström M, UN kicks off discussions on new international blueprint for disaster risk reduction. Press Release, March 11 2012.
http://www.unisdr.org/archive/25483
The
World
Summit
on
Sustainable
Development.
http://www.un.org/esa/sustdev/documents/WSSD_POI_PD/English/POIChapter1.htm).

Johannesburgh,

2002.

Zlatanova, S., 2010, Formal modelling of tasks to support search of geo-information in emergency response, In: Das (Eds.),
International symposium climate change & disaster management, Noida, India: GIS Development Pvt. Ltd., pp. 26-36

15

16

4th International Conference on Carthography and GIS
June 18-22, 2012, Albena, Bulgaria

Standards for Exchange and Storage of 3D Information:
Challenges and Opportunities for Emergency Response
Sisi Zlatanova, Jantien Stoterand, Umit Isikdag
Assoc. Prof. Dr. Sisi Zlatanova
OTB, GIS Technology
Delft University of Technology
Jaffalaan 9, 2628BX, Delft, The Netherlands
e-mai: s.zlatanova@tudelft.nl
Assoc. Prof. Dr. Jantien Stoter
OTB, GISt Technology
Delft University of Technology, Delft, The Netherlands
Kadaster, Apeldoorn, The Netherlands
e-mail: j.e.stoter@tudelft.nl; jantien.stoter@kadaster.nl
Asst. Prof. Dr.Umit Isikdag
Beykent University, Istanbul,Turkey
e-mail: uisikdag@gmail.com
Abstract
3D standards have been developed throughout the years for many different purposes: visualisation (fast and realistic),
data management (efficient storage), modelling (validity and topology) or data exchange (platform independence). The
developers also vary from companies to international standardisation organisations that originated from CAD/BIM,
GIS or Web domains. Being developed with different goals, the information in them (such as type of geometry, textures,
semantics, relationships) varies significantly and this makes the integration of data in a single3D environment almost
an impossible task. Many problems can be experienced when converting data from one standard to another:
information may be lost or models may be improperly converted, validity of objects may not be ensured, relationships
might be diminished, etc.
This paper presents a comparative study of 3D standards with respect to a number of characteristicssuch as type of
geometry, relationships, semantics, possibilities for realism, etc. The paper compares several well-known international
and de facto standards. The characteristics of them are then discussed in the context of 3D models (and needed
functionality) for (facilitating) emergency response.

1. INTRODUCTION
Many applications require integration of data representingabove and below the surface, indoor and outdoor, which
implies 3D modelling and management of information. One of the most appealing examples is in management of
infrastructure projects, such as construction of tunnels and development of new or renovation of existing
neighbourhood in cities, harbours, and industrial areas. (Tegtmeier et al 2010, Zlatanova et al 2010). In the last years,
risk management and emergency response applications has been also increasingly focusing on3D models (Kemec et al
2010, Zlatanova 2008). 3D representations are used not only for 3D visualization but also for analysis (route navigation,
damage detection, flood simulations, etc.) and query of thematic/attribute information.
However, the exchange and integration of 3D data sets is still quite problematic.Challenges can be seen in many
aspects: varying definitions (semantics), representations, data models, accuracy, interpretation approaches (of modelling
sub-surface geological formations), etc. 3D models have been developed throughout the years within various domains
and for different purposes.
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Some of the first 3D models have been developed for geometric modelling (Bayer et al 1979). The aim of
these first models was to maintain topologically correct geometric models to ensure consistent editing and visualisation.
They are based on well-formed surfaces, which means they have the following properties: closed, orientable, non-selfintersecting, bounding and connected.

Another group of models, which has been developed for data management, emphasizes on efficient storage and
query of large data sets, and maintenance of various attributes (Breuning and Zlatanova 2011). Topologically correct
data sets are not first priority although validity of object can be checked.

Third group of models has been created specifically for fast and realistic visualisation. Such models provide
extended tools to create a graph scene (maintaining textures, lights, events and animations) and do not consider valid
object or structure issues.
The designers or developers of 3D standards and models also vary. Many models are devised by international
standardisation organisations originated from CAD/BIM, GIS or Web domains, but a large number of models are
vendor-based. Since the models are developed with a different goal, the information (such as type of geometry, textures,
semantics, relationships) varies significantly. In many cases, the integration of data in one 3D environment is almost an
impossible task. Typical problems that can be experienced when converting data from one standard to another are:
information loss (attributes, textures, identifications, etc.), improper conversion (orientation of faces, data types),
violation of topologic validity (intersections, or gaps), relationships lost, etc.
This paper presents a study on modelling approaches and compares several well-known 3D standards/formats. Large
parts of the study are completed with in the 3D pilot project of the Netherlands. The first (explorative) phase was
carried out between January 2010 and June 2011. Currently the second phase of the 3D Pilot is running, which will end
in autumn 2012. The paper is organised as follows. Next section elaborates on possible 3D representations and 3D
standards. 3D standards are compared with respect to 11 criteria. Section 3 presents the developments within the 3D
pilot and explains how a 3D international standard is adapted for a national use. Finally, the findings of this project are
now estimated with respect to risk and emergency response.

2. OVERVIEW OF 3D MODELS AND FORMATS
This section gives a short overview on approaches for 3D modelling, and 3D standards (models), which are largely used
by software vendors.

3.1 Approaches for 3D representations
In the literature, two major 3D abstractions are distinguished for modelling 3D objects and phenomena (Mäntylä, 1988,
Lattuada, 2006): Surface-based and Volume-based (see Figure 1, left). Constructive Solid Geometry (CSG) and
Boundary representation are typical examples of Surface-based representations, while voxel (regular space subdivision)
is an example of volume-based representations. A voxel is a regular 3D volume element, i.e. 3D ‘pixel’. A 3D object is
then represented as an array of voxels. Each voxel holds one (or more) data values. Voxel representation is appropriate
for modelling of continuous phenomena such as geology, ocean, climatology, soil, etc. (Figure 1, right). The benefit of
voxels is in that they are regular in modelling and thus their management and analysis on them is simple (i.e. the
volume is very easy to compute). A disadvantage of voxels is that high resolutiondata results in large volumes of data.
Furthermore, the surface is always somehow “rough”, which might result in unrealistic visualisations. In contrast to the
regular voxel, Constructive Solid Geometry (CSG) uses spheres, cubes, and cylinders as basic primitives. Set operations
(union, intersect, difference) are applied to the basic primitives to construct 3D bodies. The advantages of CSG models
is in that they are good in Computer-Aided Manufacturing: a brick with a hole drilled through it -is represented as just
that-. The disadvantages for the use of CSG in real world modelling are that the objects and their relationships might
become very complex.
Boundary representation is the approach that is widely accepted for modelling discrete real-world objects and design
(computer graphics) models (Foley et al 1995). The 3D object is represented by bounding low-dimensional primitives
(vertex (0D), line (1D), polygon (2D), polyhedron (3D)), which are organised in data structures. The primitives can be
either simple such as planar faces and straight edges or complex such as curved surfaces and edges. The main advantage
of boundary representations is that theyrepresent real-world objects as they are perceived by humans. The boundary of
the objects can be obtained by measuring properties that are visible (i.e. “boundaries”). Main disadvantages of boundary
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representation include that the complexity is high and no unique data structure exists. The primitives may vary
andi.e.can be a face (topologically described), a triangle or a polygon (geometrically described). Depending on the used
primitive (triangle or polygon) different constraints can be enforced such as: ‘polygons must be planar’, ‘orientation of
polygons must be clockwise’, etc. Although more complex, boundary representation is in the basis of most the file
formats (models) used in GIS and CAD used for exchange of information. Therefore the following section will continue
further with standards mostly based on Boundary representations.

Figure 1: 3D spatial representations (courtesy Lattuada 2006) and voxel models with interpretation of voxel values
(courtesy TNO, Netherlands)

3.2 3D file formats
A diverse range of file formats exist for exchange of 3D data. Some of them have been developed as standards by
international organizations (VRML, X3D, IFC, CityGML), others have been developed by vendors, but due to their
wide use they are accepted as standards (KML), and a third group of standards have become de-facto standards due to
their wide acceptance by users and software vendors (SHP, DXF, COLLADA, 3D PDF). The file formats are created to
serve a specific goal (i.e. SHP to have geometry and attributes), VRML (to allow realistic visualization and interaction),
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COLLADA (to support modelling and visualization), IFC (to keep semantics along with geometries), etc., and therefore
all have different characteristics. Some of the most well-known file formats are shortly reviewed below.
The Virtual Reality Markup Language (VRML) was released in 1995 and accepted as a standard by the Web 3D
consortium. It was designed as a web standard for exchange of graphics whileprovidingpossibilities for interaction with
3D world. Practically it is a language for modelling 3D realistic scenes and interaction. The formatoffers several
texturing mechanisms and a variety of different geometries. Good visualisation performance can be obtained when
using compressed binary representations (i.e. gzip), but still simple visualisations look ‘too schematic’. This was one of
the major reasons for rather limited use of VRML for real world projects. Taking into account some of the
disadvantages of VRML (being not XML-based, large models result in large files, etc), the Web 3D consortium has
stopped the development of the standard after 1998 and concentrated on the XML based X3D file format. This file
format is an enhancementof VRML, in fact, this file format is even less used than VRML. Only few viewers are
available for visualisation of data on Internet and almost no vendor supports export and import of X3D. Some experts
suggest that the format became too complex for interpretation.
Keyhole Markup Language (KML) is an XML format for geographic annotation and visualization of objects inside
Google Maps and Google Earth. KML was developed by the company Keyhole, Inc. which was then taken over by
Google. At that time KML was adopted as standard by the OGC. The support of geometry in KML is aligned with
GML. KML is suitable for Web applications and widely accepted, but geometries are represented without semantics.
COLLADA is another open standard for describing 3D data. Originally, this standard is from Sony (used for
Playstation). Google uses this standard frequently (it is the core of all 3D objects in Google Earth and a key part of
Google SketchUp) which has greatly increased the use of COLLADA. COLLADA (stands for COLLA
borative Design Activity for establishing an interchange format of 3D interactions) focuses solely on 3D data,
independent of the architectural context. COLLADA provides possibilities for describing geometry, topology and
texture, but has no semantics. KML and COLLADA are often mentioned together because both are jointly used in
Google SketchUp and Google Earth. KML files are often bundled in a compressed KMZ file, which may also contain
COLLADA3D models, texture overlays and other graphics and icons.
GML (Geography Markup Language), also known as ISO 19136, was created by the Open Geospatial Consortium
(OGC) and is an XML structure for the representation of geographic (spatial and location) information. It is a typical
example of a standard created for the exchange of data. GML 3 has a modular structure, which allows to select the
schemas or schema components that are needed for a specific application. The geometry model of GML follows the
ISO 19107 standard and therefore GML provides classes for 0D to 3D geometric primitives, 1D-3D composite
geometries (e.g. CompositeSurface), and 0D-3D geometry aggregates (e.g. MultiSurface or MultiSolid) consisting of
geometries which are not connected by common boundaries. GML 3 includes support for spatial and temporal reference
systems, topology, dynamic features, units of measure, metadata, gridded data, and is designed to be semantically
extendable.
CityGML is the newest standard (OGC, 2008) for representing of 3D real-world information. CityGML is an objectoriented model that allows semantic, geometry, topology and appearance characteristics to be stored per each object.
The second version has been released in April, 2012 (OGC, 2012). The semantics is expressed by classes, which aim to
cover a large group of commonly used real-world objects. There are currently 11 classes (CityGML 2.0.0). In additionto
these core classes there are classes for appearance, and generic information. Generics class is used to extend the model
with new objects (not defined by the core) and attributes. Another mechanism to describe new objects is by creating an
Application Domain Extension (ADE). This mechanism is more powerful since it allows new objects to be defined with
their semantic, geometry, appearance and topology properties. Several extensions are already provided such as: Noise
(for noise analysis), GeoBIM (populated wıth detailed information from /BIM/IFC), Facility management (CAFM),
Hydro (for flood analysis) and Utility Networks. Discussions are going on extension for geology and geo-technology.
An ADE for indoor navigation, i.e. objects and their attributes that are specifically important for indoor routing, is also
under development. The model is based on GML3 and all the geometry of GML are inherited by the semantic
extension. GML supports 0D to 3D primitives (point, curve, surface and solid) and supports composition objects. A
very useful geometry in this respect is Composite Surface, which is a set of connected surfaces. Almost all 3D objects
(buildings, city furniture, waterbody) are represented by CompositeSurface geometry. CompositeSurfacecan be mapped
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with textures (artificial or photorealistic). Optionally the 3D objects can be represented as Solid. Solids must be
watertight and the software that creates the CityGMLmodelhas to ensure this property.

Figure 2 CityGML LOD for buildings (Kibria et al 2009 )
CityGML supports 5 different levels of details. The most prominent are the LOD of buildings (see Figure 2). Buildings
have 5 LOD starting from LOD0 to LOD4 (indoor). The CityGML idea of LOD differs significantly from the wellknown LODs of computer graphics. CityGML LODs represent a specific resolution of real-world objects that might be
of interest for a specific application. For example, an application to determine the coverage of telecommunication
antennas, will only need simple extrusion boxes (e.g. LOD1), while an urban planning application will require models
with well-represented facades, roofs, etc. The LOD are not intended for fast visualisation (as this is the case in
computer graphics), although recent attempts has been made to use them speeding up the visualisation of large city
models. LODs are intended to represent the accuracy of the objects, i.e. LOD0 has the lowest resolution (few meters)
and LOD4 the highest (few millimetres). LOD0 is a 2,5D model and represent only surface objects. LOD4 for buildings
is the first well-structured GIS representation of indoor environments. In contrast to Building Information Models
(BIM), it offers indoor representation that reflects the human vision on buildings, i.e. the buildings consists of rooms
and the rooms have doors, windows and furniture.
CityGML conceptual model exists currently in two implementations as GML file and spatial schema for DBMS.
CityGML file export is supported or going to be supported by several vendors such as Safe software, Autodesk, ESRI,
Bentley Systems. Some companies (e.g. Bentley Systems, Autodesk) and Universities (e.g. TUBerlin, TUDelft) have
experimented with database implementations of CityGML.TUBerlin has developed 3DCityDB for Oracle Spatial. The
spatial schema follows closely the conceptual model and uses the Oracle Spatial geometry data types. An import/export
application for this database is also available. The application reads CityGML files and populates the database. Export
is possible toCityGML and KML files.
A Building Information Model (BIM) can be defined as ‘a digital representation of physical and functional
characteristics of a single building. As such, it serves as a shared knowledge resource for information about a building
forming a reliable basis for decisions, during its lifecycle from inception onwards’ (NBIMS, 2007). Furthermore, BIM
is used as common acronym for Building Information Modelling, which is ‘a collaborative process which covers
business drivers, automated process capabilities, and open information standards use for information sustainability and
fidelity’. BIM is also seen as a facility lifecycle management tool to support all the information exchange used
throughout the building lifecycle. In this paper we refer in particular to the model and not the process of modelling. One
of the most accepted BIM is the standard Industry Foundation Classes (IFC, ISO16739) model. IFC is the effort of
IAI/buildingSMART whose goal is to specify a common language for technology to improve the communication,
productivity, delivery time, cost, and quality throughout the design, construction and maintenance life cycle of
buildings. In IFC, a building is modelled as a collection of objects (with properties and relationships) that represent
parts of the building. The 3D geometry is one of the properties, at the same level as the name of the vendor, cost, etc.
IFC objects may representany building element such as walls, doors and windows but also the glass in the windows,
window frames, materialsin the walls, etc. BIM is used mainly in construction and is suitable for 3D modeling in a
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very precisely manner and much detail. It is often used to model a limited site (e.g. a building). It is not used for large
areas, as is typical in GIS applications. The immediate vicinity of the object of interest may be modelled in BIM for
informative purposes (often at a much lower level of detail). Today, BIM also provides geo-reference models (i.e. the
inclusion of the coordinates on the surface of the modelled object).
DXF (Drawing Interchange Format) has been created by Autodesk, December 1982 as part of AutoCAD 1.0, and has
grown through the years as one of the most used formats for exchange of 2D and 3D CAD drawings. The file structure
is ASCII-based and well described. Specifications for DXF from AutoCAD Release 13 (November 1994) to AutoCAD
2008 (March 2007) are available on the web site of AutoDesk. The file formats supports many different geometries
(simple and complex), layers and drawing attributes. Since it has been designed as drawing Interchange format, itdoes
not support thematic attributes. DXF is not designed for web, but tools have been provided by some vendors for webbased visualisation.. The file format is mostly used to exchange data from one software package to another. Topology,
texture, objects, level-of-details are not explicitly supported, althoughthe user can apply some tricks.
The shapefile (SHP) is created by the Environmental System Research Institute (ESRI) in 1998 and is a typical example
of a GIS file format. It supports simple geometry (i.e. OGC point, multi-point, polygon, polyline and since ArcGIS 10
polyhedron),including vendor specific data types (i.e. multi-patches). SHP is binary file format and adapted for faster
drawing speed and editing capabilities. The major advantage of this file format is that the objects are kept with their
thematic attributes. The file format consists of three files: main file: *.shp; index file: *.shx and DBase file: *.dbf.
Shapefile is the most commonly used format for GIS data. There are many tools and applications that can read and
export SHP file. SHP does not have a topological structure and the representation of textures is very basic.
A very interesting new development is the 3D PDF. The intention of this file format is to publish and share 3D design
information within a normal PDF file format. Several Large CAD vendors (Bentley Systems, Autodesk) allow export to
this file format. The 3D geometry is exported in a PDF format and can be integrated in a text document using Adobe
sofwatware. The 3D model can be the explored by a special tool box for interaction (developed by Bentley Systems). It
is also possible to run animations, add comments, etc. if not digitally viewed, the document can be printed. Then the 3D
model appears as picture.
3.3 Comparison of 3D standards
The comparison of standards was performed on the basis of eleven criteria, which were important for the goals of the
3D pilot. The level of support with respect to these criteria is classified into: - (not supported), 0 (basic support), +
(support) and ++ (extended support). The explanation of the eleven criteria organised inthree groups: shape and
appearance, object identification and attributes, and syntax and web visualisation:
The criterion ‘geometry’ estimates the support of 3D geometries. Standards that support only the simple features (point,
line, surface and possibly polyhedron) are classified as giving ‘support’ to 3D features. Standards that allow use of
parametric shapes (cylinders, spheres, etc.), freeform curves and surfaces, sweep representations, etc. are considered to
have ‘extended’ support. Topology evaluates the existence of relationships between the geometries in the model. The
basic support means that very simple relationships are stored. For example a 3D object in VRML and X3D is
represented by two lists of: 1) all the nodes in the object and 2) polygons which use the sequential number of the nodes
(thus no duplication of nodes is required). IFC does not have a topology in terms of neighbourhood relationships but
these can be derived from the maintained containment relations. CityGML theoretically supports a topological data
structure as specified by GML, but no model thus far has been created using this topology. Texture evaluates the
support of texturing with real photos. Standards that support texture mapping (co-registration of images and geometry)
are classified as ‘supported’. Standards have extended texture possibilities if they allow both texture mapping and
texture draping. Levels of Detail (LOD) is an indication for support of several geometries per object. In the case of
VRML and X3D this is used for visualization (the browsers use them to speed up the visualisation). As mentioned
above, in the case of CityGML these are used to indicate the resolution of an object. The browsers do not use CityGML
LODs in the visualisation (in case of several LODs some browsers show all of them).
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The Objects criterion estimates the possibility to distinguish between different objects in terms of geometry. DXF is
layer-based, but has some basic tools to group geometries to indicate that this is one entity within a layer. KML and
COLLADAare indicated as not supporting objects, because the user needs to pay a lot of attention to the creation of the
file in order to recognise different objects. The best way to keep track of objects is to create separate files. Semantics
indicates the possibility to assign thematic meaning to an object or a group of objects. Using DXF, SHP and 3D PDF
this is possible by using the names of the layers. Much information regarding the objects can be included as text in a
PDF file. IFC and CityGML are considered to have extended possibilities because the object classes are well-defined in
advance. All other standards allow some basic tricks to get thematic information attached to geometries (by anchors,
annotations, etc.) .Attributes estimates the possibility to incorporate attributes in the standard. The most elaborated
concept is the SHP standard (in combination with the database file). IFC and CityGML both have standard well-defined
attributes per object. The attributes of the object in 3D PDF can be listed in the document part next to the 3D geometry.
The criterion XML indicates whether the standard is XML-based. The Web criterion gives an indication which standards
are designed and optimized for Web use. X3D is actually an improved version of VRML. KML (once loaded) has better
performance than the current CityGML browsers. Large 3D models create 3D PDF files that are too big for the Web
and therefore this standard is ranked lower. Geo-referencing estimates the possibility to use geographical coordinates. It
should be noted that there is a version of VRML, i.e. Geo-VRML, which works with geographical coordinates. There
are currently discussions on how to incorporate geographical coordinates in IFC.Acceptance indicates the support of the
standard by software vendors.

Table 1: Comparison of 3D standards
Standard/Criteri VRML X3D KML COLLA IFC
on
DA

GML CityGML DXF
3

SHP 3D PDF

1 Geometry

++

++

+

++

++

+

+

++

+

++

2 Topology

0

0

-

+

+

+

+

-

-

-

3 Texture

++

++

0

++

-

+

+

-

0

+

4 LOD

+

+

-

-

-

-

+

-

-

-

5 Objects

+

+

-

-

+

+

+

0

+

+

6 Semantic

0

0

0

0

++

0

++

+

+

+

7 Attributes

0

0

0

-

+

+

+

-

+

+

8 XML based

-

+

-

-

+

++

+

-

-

-

9 Web

+

++

++

+

-

-

+

-

-

0

10 Georeferencing -

+

+

-

-

+

+

+

+

+

11 Acceptance

0

++

+

0

0

+

++

++

++

++

- not supported; 0 basic; + supported; ++ extended support

The comparison in Table 1 clearly shows that every 3D standard is designed for specific purposes. DXF, VRML, X3D,
COLLADA, and IFC support the largest variety of geometries. VRML, X3D and COLLADA are the most advanced in
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supporting realistic textures. All these standards (with exception of IFC) however contain poor support for semantics
and attributes. Clearly these standards originate from the CAD domain.
In contrast standards such as SHP, IFC, CityGML have a very good support of semantics, objects and attributes. It is
clear that CityGML scores relatively good on all criteria. Because of the support of semantics, objects, attributes,
georeferencing and Web use, the selection of CityGML as generic standard for a 3D SDI envisaged in this study is
justified. Compared to SHPfiles (one of the most used GIS format), CityGML has almost the same power to describe
real-world objects and at the same time allows better visualisation and use over the web.
Our study paid a lot of attention to the IFC standard and CityGML. IFC contains detailed information about buildings,
constructions and utilities (Hijazi et al 2011), which can be compared to the CityGML LOD4. The integration of both
types of data via a common exchange format is beneficial since BIM data can feed detailed GIS representations and
GIS can provide reference and environment data for BIM. Isikdag and Zlatanova (2009) propose that transforming
information from IFC to CityGML requires a two-step approach: transforming semantic information and transforming
geometries. Since the objects (classes) in these two models are very diverse, the two steps cannot be performed
separately. An object in one of the models might be mapped to a group of objects (and vice versa), which requires a
careful consideration on the order or converting geometries and semantics. In order to perform a successful
transformation operation; 1) A set of rules (a rule base) needs to be clearly defined in the first stage, in order to define
the semantic mappings between the classes of two models for each LOD of CityGML; 2) The second stage will be
building up the rules/algorithms for geometric model simplification. A BIM model view can facilitate model
simplification in this stage; 3) The final stage will be defining the information that will be transformed to form the
attributes of the CityGML objects for each LOD. A lot of research has been completed on approaches for achieving this
integration, e.g. via web services (Lappiere and Cote 2008), ontology (Peachavanish et al 2006; Akinci et al 2008,
database (BIM server 2009), formal mapping (Benner et al 2005). Also, software packages are provided for IFC to
CityGML conversion e.g. SAFE Software FME (Safe Software 2012).
The two models have many similarities but also have many differences. Both IFC and CityGML are semantic models
and maintain some relations between the items. The relations are not topological (although CityGML can incorporate a
topological structure). Both models can be queried and a subset of the model can be visualised. The models have many
differences as well. Being created for two different application domains, the class definitions may differ significantly.
For example, both models have a notation for a ‘wall’. However, while the wall in the IFC represents the entire physical
(solid) wall between two rooms, the wall in CityGML is only one of the wall surfaces visible from one room. Many
classes that are defined in IFC do not exist in CityGML and vice versa. The spatial relationships may differ as well. For
example, in IFC, a window is given with its relative coordinates with respect to the wall it belongs to. CityGML would
maintain a relation ‘belong to’ between window and a wall but the coordinates of the window will be absolute.
Currently, two different approaches for integration of IFC and CityGML can be observed: 1) Querying of both models
and integrating the results in a Web application (applying web services) and 2) Conversion of IFC model into a
CityGML model
In the first approach, no real conversion is made but a set of features from the two models is visualised in a single
environment. One of the most significant initiatives regarding this approach is the OGC Web Services – Phase 4
(OWS-4) test-bed, in which 72 organisations collaborated to demonstrate interoperability of internet based OGC
services. The main activities of the test-bed took place in 2006. A number of software and data components were
developed to demonstrate a concept of integrating AEC and GIS information via web services. Especially important
was the emergency response scenario which demonstrated the variety of OGC conformant components (Lapierre and
Cote 2008). The scenario required numerous components and services along with IFC and City GML models to
coordinate the response to the hypothetical forest fire incident. The activity was divided into a number of threads each
of which addressed a particular set of technical issues affecting the scenario such as security, workflow and sensor web
enablement. The test bed has clearly shown that information queried from IFC and CityGML models can be transferred
to a client and visualised together. While appropriate for observation, this approach has drawbacks when performing
spatial analysis. For example, it might be difficult to indicate which indoor corridor should be used for evacuation.
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The second approach assumes that an appropriate conversion of classes/attributes/relations at the semantic and
geometric level can be performed. This conversion requires transformation at several levels: semantic (description of
classes), geometric (representation of shapes and coordinates) and corresponding attributes and relationships (Isikdag
and Zlatanova 2009). Commercial applications such as Karlsruhe IFC Explorer (IFC Explorer 2009), SAFE Software
FME (Safe Software 2012), Autodesk Land Explorer (Autodesk 2009) can directly transfer 3D geometries of the
building elements in IFC into CityGML models. The tests that have been conducted so far with two of these tools
indicated that although there are unsolved issues related to the conversion of geometries, i.e. from Sweeping/CSG
representations of IFC to BRep of CityGML, the mismatches on the semantic side is much more apparent and
important. These mismatches occur as a result of i.) transfer methods and ii.) the different object models of IFC and
CityGML standards.
3. 3D PILOT IN NETHERLANDS
The study of 3D standards was largely performed during the 3D pilot in the Netherlands (Stoter et al 2012). The pilot
was initiated by the Dutch Kadaster, Geonovum (the National Spatial Data Infrastructure executive committee in the
Netherlands which develops and manages the geo-standards), the Netherlands Geodetic Commission (NCG) and the
Dutch Ministry of Infrastructure and Environment. From January 2010 until June 2011 a uniform approach for
acquiring, maintaining and disseminating 3D geo-information has been explored in a collaboration between over 65
stakeholders in The Netherlands (Stoter et al. 2011). A major result of the pilot was the proof of concept for a 3D
Spatial Data Infrastructure (SDI), covering issues on the acquisition, standardisation, storage and use of 3D data. The
findings of the pilot were formally established in a national 3D standard realised as a CityGML Application Domain
Extension. The ADE completely integrates the OGC CityGML Encoding Standard (OGC, 2012) with a new version of
the existing national Information Model for Geo-information (called IMGeo). IMGeo contains object definitions for
large scale representations of roads, water, land use/land cover, bridges, tunnels etc. and prescribes 2D point, curve or
surface geometry for all objects. As the new version of IMGeo is completely integrated with CityGML, IMGeo version
2.0 also facilitates extensions to 2.5D representations (i.e. as height surfaces; equivalent to CityGML LOD0) and 3D
(i.e. volumetric; i.e. CityGML LOD1, LOD2 and LOD3) representations of the objects according to geometric and
semantic principles of CityGML. Further technical details about the ADE are reported in Van den Brink et al (2012a;
2012b).
In the development process of CityGML ADE IMGeo 2.0 a number of topics that requires further attention were
identified before the standard can be widely implemented. Firstly, more research is needed to understand how the
national 3D standard works in practice including the consequences of thenew modelling method for IMGeo when used
for both 2D and 3D datasets, e.g. how to preserve the links between the different Levels of Detail (LODs) and how to
upgrade 2D LOD to higher LODs. Also, knowledge is required on the ability to use 3D IMGeo data in CityGML-aware
software, i.e. whether software systems are compatible with our extensions and which changes are necessary. Finally
more research is needed concerning the creation and management of CityGML-IMGeo data. Which methods can be
used to generate CityGML-IMGeo data? How should this data be validated and maintained? These open issues are
currently being studied in a follow-up project of the 3D Pilot. The goal of the follow-up pilot is more result-oriented
than the first pilot and aims at writing best practice documents by joint effort of the 3D Pilot community. The best
practice documents are based on tools and techniques that are being developed for supporting the implementation of the
3D standard. Specific attention is being paid how to align CityGML to IFC. About 100 organisations Geonovum
(2012), participate in the second phase of the 3D pilot and are currently executing the six activities of the second 3D
Pilot NL (see www.3dpilot.nl)
3D test data have been prepared for the test area and several participants are currently working on generating different
LODs and different themes for 3D IMGeo data. The 3D Pilot will finish in summer 2012. End results include: examples
of 3D IMGeo data, a 3D validator, best practice documents onhow to acquire, maintain, update and disseminate 3D
IMGeo data, demonstrators that show the potentials of 3D, and recommendations for further developing CityGML
compatible with 3D standards in other domains and with the established 2D information models. Setting a standard for
3D topography was the first step. In the near future different application domains will align their domain models to be
able to reuse 2D and 3D IMGeo data in their applications. Examples of relevant domain information models that have
been established in the Netherlands and that are currently seeking alignment are: Public order and safety:
InformatiemodelOpenbareOrde en Veiligheid (IMOOV), Cable and Pipelines: InformatiemodelKabels en Leidingen

25

(IMKL), Spatial Planning: InformatiemodelRuimtelijkeOrdening (IMRO), Cadastre: InformatiemodelKadaster
(IMKAD), Water: Informatiemodel Water (IMWA), Subsurface: InformatiemodelBodem en Ondergrond (IMBRO).
4. IMPLICATIONS FOR EMERGENCY MANAGEMENT
All these developments have influence on the risk and emergency management in Netherlands. An increasing number
of companies developing software for risk and emergency response provide tools for 3D visualisation but still all tools
are mostly experimental. Furthermore if 3D dimensional models are created, they are not extensively exchanged and
maintained.
In Netherlands, 3D models are predominantly used in virtual training (forpreparing emergency responders). The 3D
models created are usually artificial (non-existent) cities, which only simulate some important for the training
characteristics. For many training goals (e.g. communication, orientation, situational awareness, etc.) such models are
very appropriate. However, for some learning objectives it is very useful to train with real-world environments, like a
specific high-risk city environment or an industrial settlement. When such real-world cities are needed, they are
presently tailored by a serious gaming company. Such re-construction projects are relatively expensive and time
consuming. The 3D models are usually very realistic, highly interactive (usually based on game engines) but lack
semantic or topological properties or a formally defined data structure. An integration of such models with other data is
almost impossible. In contrast, many municipalities have CityGML models of their whole city or parts of it in one or
more LOD. Usually most of the models contain the entire core CityGMLfeatures. Examples are Rotterdam, Den Haag,
Apeldoorn, Enschede and Amsterdam. Furthermore, with the development of 3D IMGeo more and semantically richer
models will be soon available. These models will be maintained by the local authorities, which brings a number of
advantages for training software: 1) they have the potential to include much more semantics about the different parts of
the buildings such as roofs and walls in LOD2, or doors, windows and balconies in LOD3, 2) they are created and
maintained by professionals, which ensures reliability and higher quality, 3) the set of attributes can be extended if the
applications requires it, 4) if an object has more LOD, they can be used with respect to the needs of the training.
Governmental organizations, like public safety and security services, which wish to use such models for serious gaming
is increasing, beacuse: 1) Lots of efforts will be saved for tailor-made 3D reconstructions. The existing 3D model can
be just loaded in the game engines; 2) 3Dcity models represent the real world just as well or even better since they are
created by measuring the real-world objects (buildings, roads, trees, etc.), 3) The accuracy is often higher and in some
cases the models are very realistic, as they are (also) made to support construction and city management and planning
activities, 4) Different parts of the model can be used in the training. The virtual environment has therefore the potential
to become as large as the real world.
The software in support of emergency response operations is presently based on 2D models. In contrast to training,
during emergencies, accurate and reliable information about the real world is required. For the purpose of decisionmaking, large amount of spatial analysis have to be performed, which a result of questions as ‘which is the affected
area?’, ‘ how many people have to be evacuated?’, ‘which are the closest shelters, hospitals’, etc. Therefore many
emergency response applications are developed on top of GIS packages (e.g. ArcGIS) to be able to complete the spatial
analysis or are kind of a Web-based application (Ushahidi, Suhana Software foundation, Google, Open Street Map) to
support situational awareness and allow volunteered collection of information. Therefore the step to 3D is depended on
the availability of 3D models (data exchange standards) and 3D software which will allow the integration of data. In
this respect the design of 3D IMGeo in Netherlands is a very promising step. If the large topographic map of a country
is extended to 3D, all other maps and models can be relatively easily upgraded to 3D. As mentioned in the previous
section, the Dutch model for Public order and Safety (IMOOV) will be linked to 3D IMGeo and effectively extended to
3D. As result IMOOV will be able to record information more accurately, i.e., considering the vertical directions,
including the facades of the buildings. IMOOV is a rich semantic model representing mostly the dynamic information
(Dilo and Zlatanova, 2011) during incident and originally designed to cope with any kind of disaster as discussed in the
Dutch procedures for emergency response (Diehl en v/d Heide, 2005). The combination of 3D IMGeo and IMOOV will
provide powerful basis for exchange and re-use of information for any kind of incident.
5.

OUTLOOK AND FUTURE INVESTIGATIONS

In this paper we have presented a study focused on 3D standards for exchange of geometric and semantic information.
The study has clearly revealed that CityGML is a very promising standard as it has the ability of representing geometry,
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topology, appearance and semantic properties. The 3D pilot in Netherlands has shown that such international standard
is still too generic for a national purpose, and as a result the national standard 3D IMGeo was developed.
These developments open new directions for emergency management as well. 3D IMGeo can be used in the
preparedness phase for training with real-world models and in the response phase for increasing the situational
awareness and performing 3D spatial analysis. Still many developments have to take place, prior the third dimension is
adopted by the stakeholders of the emergency response processes. Availability of appropriate 3D city models is one of
the most important issues. For example, first discussions with emergency experts have already revealed that the
CityGMLmethod of applying textures for building facades (i.e. one texture for the whole façade) might not be
sufficient. Experience has shown that textures on the street level should be with much higher resolution, compared to
texture on 1st and 2dn floor.
Furthermore the issue of “what kind of additional thematic classes will be of interest for emergency response”should
be further investigated. Additional questions to be explored include, “Which codes should be added to the code lists of
CityGML(3D IMGeo) to make them appropriate for a specific context and task?”, “Which Level Of Detail should be
used for certain tasks?”,“How different textures can be used for street level visualisation?”,“How can the validity of 3D
geometries be enforced, to increase the realism?”
A very important question is “which emergency response tasks will benefit from 3D models?” Clearly not all the actors
in the process would need them. For example, disaster managers located in the response centre, who are responsible for
the overall management of disaster operation might only need overview 2D maps. 3D models are expected to help
emergency responders on the field. Many handheld devices may also provide better overview using 2D representations
than 3D representations. To be able to answer to all these questions, we have initiated an investigation on the benefit of
3D data versus 2D, which will be performed until the end of 2012.
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TESTING THE IMPLEMENTATION OF THE FLOOD
DIRECTIVE ON THE MIDDLE LOIRE AND CHER RIVERS IN
FRANCE
Vanda Turczi, Pierre Philippe, Robin Durant
Abstract
Prevention of natural hazards, especially floods, has more than ever assumed a dramatic urgency. In France, floods
are the most important natural hazards. The EU directive on the assessment and management of flood risks was
adopted in 2007. It has several important objectives with cartographic obligations of which the first one (preliminary
flood risk assessment) had already to be accomplished.
We carried out a test project in order to help the implementation of the preliminary flood risk assessment. Two test
rivers were selected: the Loire and the Cher. Several maps were prepared to answer the demands of the directive. Four
main aspects were analysed according to the directive: human health, environment, cultural heritage an economic
activity. We led a spatial analysis of these potential hazard issues taking as our reference base the extent of the highest
water level ever known.
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I BACKGROUND AND OBJECTIVES
I.1 Flood directive
The prevention of natural hazards, especially floods has become a dramatic actuality nowadays. Floods are one of the
most important natural hazards in France. 54672 events were identified in 24269 communities during the last 20 years
(Nature/Ecology, 2003). Flood hazards are not only a problem for France but it poses a serious problem for the rest of
Europe as well. From 1998 to 2002 Europe had more than 100 important floods, of which several were disastrous,
notably on the Danube and Elbe in 2002. Since 1998 floods caused the death of some 700 people and the displacement
of about 500000 people (CEPRI, 2007). European Commission reacted to the floods of 2002 with the transposition of
the directive on the assessment and management of flood risks (2007/60/EC) in 2007.
The flood directive aims to set up a European frame for the reduction of the negatives consequences of flood hazards.
The directive has several common points with the Water Framework Directive (2000/60/EC) and with their objectives it
completes the WFD. In the WFD text we can read the following “The purpose of this Directive is to establish a
framework for the protection of inland surface waters, transitional waters, coastal waters and groundwater which:…
contributes to mitigating the effects of floods and droughts” (2000/60/EC, Article 1). The existence of floods is
considered in the WFD but neither the reduction of flood hazards nor any future flood hazards caused by the climate
change is included in its principal objectives. Both directives aim to manage water on river basin districts. The WFD
determines the river basin district as the area of land and sea, made up of one or more neighbouring river basins
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together with their associated groundwaters and coastal waters, which is identified under Article 3(1) as the main unit
for management of river basins (2000/60/EC, Article 2).
The Flood directive has three main objectives which concern several cartographic obligations and have different
timings for their completion:
- Preliminary flood risk assessment (22 December 2011)
- Flood hazard maps and flood risk maps (22 December 2013)
- Flood risk management plans (22 December 2015)
The deadline for preliminary flood risk assessment was 22 December 2011. Member states were asked first of all to
make a list of their river basin districts and coastal areas which might be at risk. This Preliminary flood risk assessment
has to provide information about the topography, land use and hydrography of the river basin district and has other
demands concerning to floods already occurred and future floods which might have adverse consequences on human
health, environment, cultural heritage and economic activity.
The French Ministry of Environment in collaboration with the DIREN Centre1 (Dierction régionale de l’environnement)
asked Établissement Public Loire2 to test the implementation of the first requirement of the Flood directive on the
middle Loire valley. Our work included a methodological and practical reflection by which the Preliminary Flood Risk
assessment of the Flood directive could be achieved. The second objective of our studies was to propose solutions for
the implementation of the cartographic aspects of the Preliminary Flood Risk assessments.
I.2 Examples and existing information on flood hazards

Figure 1. Representation of flood hazard and risk in the Netherlands on the left and in Finland on the right
(Water Directors, 2007; Finnish Environment Institute, 2008)
Flood hazard threatens all European countries and therefore we can find numerous studies on it. The Water Directors of
the European Commission in collaboration with other organisations produced a handbook on good practice for flood
mapping in Europe (Water Directors, 2007). In this handbook we can find several interesting approaches to the
depiction of flood hazard and flood risk. An interesting example can be found in the Netherlands where the expected
flood depth is identified by a human terminology (Figure 1.). The classes of flood depth are related to the height of
human body (dark blue: ankle-deep, light blue: knee-deep, light rose: hip-deep, orange: head-deep, red: submerged).
Another remarkable example of flood hazard (Finnish Environment Institute, 2008) made by the Finnish is worthy of
notice (Figure 1.). Flood hazard and flood risk are represented on the same map. They choose to represent number of
inhabitants potentially flooded by graduated circles and the depth of flood by the intensity of colour of circles.
Graduated circles were organised in a regular grid.
We also made an investigation of existing examples in France. The University of Tours with CEPRI (2010) carried out
a study on the assessment of potential economic damage in the Loire river basin. Their approach was extremely
interesting for us. They also used a non-traditional representation (Figure 2). They represented the size of the
1
Called DREAL since 09 January 2010
2

Territorial public establishment of the Loire-Brittany river basin district
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population with cartograms, differentiated the spatial extension of the population according to their workplace
(according to INSEE3), and related the extent of the population to the dimension of potential flood hazard. They tested
their methodology on the agglomeration of the city of Tours. To count the population at risk of flood they used three
different data sets (number of population, extension of inhabited areas and expected flood). This method contributed to
our reflection on the Preliminary Flood Risk assessments.

Figure 2. Representation of population at risk of flood in the Loire river basin by cartograms
(CEPRI et al. 2010)

II. METHODOLOGY
The Preliminary Flood Risk assessment has one cartographic objective which consists of incorporating the
representation of parameters such as topography, hydrography and land use within river basin districts. In addition there
are several non-cartographic objectives:
-

the description of floods occurred in the past and had significant negative impacts (human health, environment,
cultural heritage and economic activity)
- the description of significant floods occurred in the past and might have significant adverse consequences of
future events
- assessment of potential adverse consequences of future floods (human health, environment, cultural heritage
and economic activity)
We also chose to visualize the assessment of potential adverse consequences of future floods on maps. Visual
representation is one of the most efficient ways to communicate information because it permits an immediate and
regional lecture of an image (Béguin et al., 2007). We also found that a spatial analysis can be carried out with GIS
tools in order to propose relevant solutions for the assessment of these potential hazard issues.
All these requirements have to be met using available or readily derivable information according to the Flood directive,
which we targeted in our methodology.
II.1 Choice of studied areas
II.1.1 River basin district
The “river basin district” is the unit of water management according to WFD, which facilitates the harmonisation of
data and cooperation with the Flood directive. These river basin district maps can be considered as an introduction
3
French Statistical Institute (http://www.insee.fr/)
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which presents the characteristics of the river basin district in a regional way. It was convenient to work on the LoireBrittany river basin district as Établissement Publuc Loire is an important player in this river basin. One of its principle
tasks is the prevention of flood risk in the whole river basin. The Loire-Brittany river basin covers 155 000 km2 with
three main parts: Loire catchment basin (117 800 km2), Brittany coastal basin (29 700 km2) and Vendée coastal basin
(8 900 km2).
II.1.2 Test rivers
Two test rivers were chosen for our study on the assessment of potential adverse consequences of future floods. The
middle Loire was one of the accepted test areas. Officially the middle Loire is that part of the Loire valley which is
located between the conglomeration of Nevers and Anger, in other words between the confluences of the Loire with the
Allier upstream and with the Maine downstream. According to J. Chapon (1979) the upper limit of the middle Loire is
the confluence with the tributary of Loire called Vienne, which is situated between Tours and Angers. This division of
the middle Loire is derived from administrative and hydrological considerations. We used to our study this second
division of the middle Loire. The middle Loire shows an important flood hazard at the national level. This segment of
the Loire is almost totally protected by dikes. The first traces of dikes date from the 8th century but the construction of
the existing system of protection started in the 12th century (Dion, 1961; Charlot et al., 1996). The middle Loire has
been studied already from different aspects: floods (DIREN, 1995; EPPLGN/SOGREAH, 2002), hydrology (Gautier,
2001), morphologic (Dujols et al, 1996) amount of economic, human and ecologic risks and damages (MINEA
Hydratec 2000; EP Loire, 2009). On the middle Loire numerous data were produced thanks to these studies which
greatly assisted our study.
The Cher river was chosen as our second test area. The Cher is a left-bank tributary to the Loire. Its source is in the
Massif Central and joins the Loire in Villandry. It was chosen because, whilst it is a river about which less information
is available, it is also strongly threatened by floods.
II.2 Implementation of cartography of rivers basin districts
We proposed to represent the three requirements (hydrography, topography, land use) on three separate maps at 1:2
000 000 scale. We searched for data available (if it was possible also free) on national or even on European level in
order to promote the possibility of harmonisation with other river basin districts and also to make it easier to reproduce
the same thematic maps with the same data on other districts.

Figure 3. Maps of the river basin districts
II.2.1 Map of river basins and sub-basins (hydrography)
The Loire-Brittany river basin is divided into three primary basins, as already mentioned, and these primary basins are
separated into several sub-basins. The division of sub-basins is defined in the French national reference geographic
database called BD Carthage. Our objective was to make a harmonious separation of sub-river basins emphasizing the
size and hydraulic aspects. The division of the BD Carthage was sometimes too specific or too regional, that is why we
reviewed it and some sub-basins were combined. We distinguished the river basins by three different colours and the
sub-basins by different hue of these colours (Figure 3). The hydrographical system comes from the same database. We
choose the 2nd level of the hydrography which means the important rivers and theirs tributaries. The coastal areas were
resolved by a buffer with a graduated colour along the coast.
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II.2.2 Maps of topography and land use
We used the SRTM (Shuttle Radar Topography Mission) data of the NASA to represent the relief of the river basin
district. These data can be accessed freely in GeoTiff raster formats. Four raster tiles cover the district. A mask was
applied to hide the parts of the raster which are outside the district. According to cartographic convention the traditional
colours were used (from green to brown) to represent the topography (Figure 3).
Data on land use was taken from the Corine Land Cover (CLC), European database and also freely accessible. For a
better legibility classes of CLC were combined under three categories: urban areas, forest and natural areas and
agricultural areas (Figure 3).
II.3 Choice of reference flood hazard
For the second objective of Preliminary Flood Risk assessment that we decided to represent on maps (assessment of
potential adverse consequences of future floods) we had to choose a reference of flood hazard in order to be able to
study the potential hazard issues of human health, environment, cultural heritage and economic activity. We searched
for existing data on the extension of past floods.
II.3.1 Case of the middle Loire
For this analysis we searched for information on past heavy floods. Several data and documents exist on the middle
Loire but we have selected two important flood dimensions:
Extent of the highest water level ever known (PHEC4) obtained from the atlas of flooded areas (DIREN
Centre, 1995). Its dimension was calculated from the extension of the biggest floods in the 19th century (Figure
4). This data is freely accessible from the website of the Ministry of Ecology, Sustainable Development
Transport and Accomodation6.
- Extent of flood with a return period of 500 years: this data comes from the atlas of predictable dimension of
heavy floods on the middle Loire (Figure 4). This atlas (EPPLGN/SOGREAH, 2002) was constructed from a
hydraulic model of the middle Loire. It presents the highest water level reached by floods with a return period
of 50, 70, 100, 170, 200, 500 years. The extent of flood with a return of 500 years has never occurred in the
past so do not have reality. It corresponds to a flood which was modelled as an extreme flood.
We compared these two extensions by overlaying one with the other in GIS in order to analyse the relationship between
their dimensions. Even if the PHEC is assessed with a lower frequency than 500 years, it was proved to be more
restrictive than the other. For the middle Loire we have chosen the PHEC as the reference of flood hazard.
-

Figure 4. On the left example of the extent of the highest water level ever known, on the right example of the extent of
flood with a return period of 500 years
(DIREN Centre, 1995; EPPLGN/SOGREAH, 2002)
4
Plus Hautes Eaux Connues
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II.3.2 Case of the Cher
The only document which exists on the river Cher is the Flood Risk Prevention Plans (PPRI). These plans were usually
constructed on a collective level in a big scale. Along the Cher river these data in GIS formats are merged and more or
less accessible from the same website as the PHEC except in the department of Cher. The PPRI of the Cher existed in
paper or raster formats. We had to digitise and georeference the data in GIS and then combine all the Flood Risk
Prevention Plans in one polygon in order to make easier our future calculations. These Plans were developed in relation
to the biggest floods observed along the Cher which corresponds to a frequency of 100 years (medium probability
according to the Flood directive). We observed that important flood issues were outside of the extent of the PPRI. That
is why it was necessary to propose a methodology to calculate the dimension of a heaviest flood than the one of the
PPRI.
Our approach consisted of a hydrogeomorphological method. The method was based on the study of the function of the
river by analysing the structure of the river catchment area, particularly the alluvial deposit left gradually by the floods.
In our case we used a simplified version of this method which relied on extrapolating the extent of the PPRI across the
modern alluvial deposit. The limit of the river deposit cannot exceed the extent of the highest water level reached by the
actual river which means that the river deposit is part of the modern alluvium. In this case, if we digitalize the limit of
the modern alluvium we get the extent of the largest flood known on the Cher (Figure 5). Even if this approach needs
refining in the future, it can be carried out easily. Data on modern alluvium is part of the geological data distributed by
the French Geological Institute (Bureau de recherches géologiques et minières). The GIS layer of the modern alluvium
can be reached by a WMS (Web Map Server)5 connection.

Figure 5. On the right the original extent of PPRI and on the left the extrapolation of the modern alluvium in relation to
the original extent of PPRI

5
http://infoterre.brgm.fr/spip.php?article31
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III. RESULTS
III.1 Assessment of the potential adverse consequences of future floods
In the Preliminary Flood Risk assessment four important hazard stakes are considered: human health, environment,
cultural heritage and economic activity. Our objective was to analyse the consequences of flood risks on the tested
rivers. Our methodology consisted of integrating the hazard issues with the surface of the flood hazard in order to
receive those ones which were in flooded areas.
III.1.1 Human health
We aimed to represent the number of population on potentially flooded area by municipality. We used GIS tools to
effect a spatial analysis of the number of population potentially at risk in case of flood.
It was necessary to search for three different types of data: number of population, the extent of the location of the
population and the extent of the flood hazard. The extent of the flood hazard was already determined (PHEC for the
middle Loire, extended PPRI limit for the Cher). The number of population can be obtained from the website of the
French Statistical Institute (INSEE) in xls format. Concerning to the limit of inhabited areas we already had some data
and we also tried to search for free national data. We listed three types of geographic data:
-

Corine Land Cover (CLC): European database containing the limit of urban areas (free)
BD Carto: national geographic containing geographic data about traffic and hydrographic system, land use and
administrative units
- BD Parcellaire: national data containing cadastral geographic data
We undertook a comparison between the three database on the conglomeration of the town of Blois by overlapping
them in different layers. We noticed that neither the CLC nor the BD Carto reflect the reality of inhabited areas. The
most specific is the BD Parcellaire but, because of the size of the database, it is difficult to handle at a small scale.
There are other more precise geographic data on the dimension of inhabited areas by districts (IRIS)6 but it is very
expensive and difficult to exploit at the scale of the rivers.
We calculated the number of population at risk based on the three data bases. Our calculation consisted of the following
steps:
1.

2.

3.

4.

We assumed that the total population of the collective is
concentrated on the inhabited areas with the same density which
means that the limit of the urban areas corresponds to the
distribution of the population.
We also had to consider that the limits of urban areas do not
always correspond to the limits of the municipality. First of all
we had to cut the urban areas by the limit of the municipality in
order to have the area of the urban zone by municipality.
To calculate the number of population potentially flooded we
had to intersect the urban zone by collective with the extent of
the flood hazard.
We used the following calculation to assess the population
flooded: the flooded urban area, divided by the total urban areas,
multiplied by the total number of population by municipality.

Figure 6. Population calculated based on the three databases
From our comparison we can notice that there is not a significant difference between the numbers of population
potentially flooded based on the three database (Figure 6). We have chosen the CLC database because that is the one
which correspond most closely to our preliminary flood risk assessment at this scale and also it is free.

6
http://www.insee.fr/fr/methodes/default.asp?page=zonages/iris.htm
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We also proposed a second approach to human health by representing the percentage of population potentially flooded
compared with the total population by municipality.
We produced two maps by test area. We represented the number of concerned population by the flood with symbol of a
red man and the percentage with different graduated colour (Figure 7).

Figure 7. On the left number of population potentially flooded and on the right percentage of population
potentially flooded on the middle Loire
III.1.2 Environment
Our objective was to assess the potential damage caused by floods to the environment. We searched for two different
types of data which seemed to be interesting for us:
- Natura 2000 areas
- Establishments at environmental risk classed by SEVESO
We produced an intersection between the Natura 2000 areas and the surface of the flood hazard using GIS tools to
achieve the results (Figure 8).
Concerning to the establishments at risk, we collected the geographic data about them and we made again an
interpretation of the ones which can be found on potentially flooded areas. We distinguished two types of
establishments at risk. Those which are less dangerous, only declared at the prefecture were represented by the numbers
of the establishment at risk by municipality. Those which are more dangerous, need an authorisation at the Prefecture
were represented by their exact location (Figure 8).
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Figure 8. On the left Natura 2000 areas potentially flooded and on the right establishments at environmental risk
potentially flooded on the Cher
III.1.2 Cultural heritage and economic activity
We limited our approach on the historical monuments. We distinguished two types of historical monuments (classed
and registered) and represented their numbers by municipality.
For the economic activity we used an existing study carried out by Etablissement Public Loire (EP Loire, 2009). The
results of this study were to create a file containing all the contacts of the enterprises on flooded areas. We used this
document to represent the number of enterprises on flooded areas.

Figure 9. On the left number of historical monuments potentially flooded and on the right enterprises potentially
flooded on the middle Loire

III. CONCLUSION
The flood directive has to be completed by all European countries. It is a tool of cooperation for an important thematic
initiative in Europe. It is extremely important to produce the maximum amount of data and represent it everywhere in
the same way. Meanwhile this ambition is not an easy task because countries have different geographical conditions,
economies, conceptions, standards…
In our interpretation we mainly used data available on a national or international level. Our examples might be
reproduced by other different river basin districts, at least in France.
These maps are only the first step but propose important results to be able to determine the zones to be most at risk. Our
work was considered and used for the real implementation of the Preliminary Flood Risk assessment, reported last
December.
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Abstract
The management of emergencies is hardly ever imaginable without proper information support. This information
support must be consistent across all phases of emergencies, during the planning and preparation phase, during life
saving and rescue operation and also during the recovery phase.
The web services enable uniform a standardized publishing of the data and algorithms for various applications. Owing
to this fact, the data and algorithms published through the web services are available via standard interface for all
computer applications regardless on which phase of the emergencies they are focused.
The web services can be also easily joined together to form large information systems.
This contribution demonstrates the use of Python web application framework Django as a tool for publication of data
and algorithms in the form of web services. As a simple demonstration of the Django and web services capability was
chosen the analysis of the quadratic equation. The more sophisticated example, showing the web services capability in
the consequence with emergencies, is illustrated with web service providing endangered areas according to the
Emergency Response Guidebook in the connection with hazardous material release.
Keywords: Service oriented architecture, web services, Python, Django, web application framework, Emergency
Response Guidebook, emergencies, information support, crisis management, population protection.

INTRODUCTION
The management of emergencies is hardly ever imaginable without proper information support. This information
support must be consistent across all phases of emergencies, during the planning and preparation phase, during life
saving and rescue operation and also during the recovery phase. It must be also consistent across all chains of
command, starting from firefighter, policeman or paramedic worker facing to the emergencies to the regional or higher
level of command.
The web services enable uniform a standardized publishing of the data and algorithms for various applications. Owing
to this fact, the data and algorithms published through the web services are available via standard interface for all
computer applications, regardless on which phase of the emergencies they are focused or if such application is placed
on handheld device of the rescuer or on computer in the crisis staffs.
At the present time, service oriented architecture is preferred approach for buildup of large distributed information
systems. These systems can be based on various technologies, but web services are especially suitable for its
implementation.
Because of the facts mentioned above, it is possible to build large scale fault tolerant information systems based on the
web services for support of the emergencies management. It is possible to create one large information space for all
subjects participating on the mitigation of emergency consequences. It this information space the subjects can share all
their emergency relevant information.

SERVICE ORIENTED ARCHITECTURE
Service oriented architecture is widely accepted architectonic concept for large scale information system [Erlt09]. The
key principle in its background is the separation of concerns. This theory is based on the fact, that it is advantageous to
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separate the large problem into set of small problems, which overlap as few as possible. This approach enables to
separate the logic necessary for solution of large problem into set of small pieces. Each part of the logic corresponds to
specific concerns.
There is not an official set of service oriented architecture principles. There is only set of principles identified with
service oriented architecture which describes basic properties of services [Erlt05]:
1. Services are reusable. Regardless of whether immediate reuse opportunities exist, services have to be
designed to support potential reuse. One service can be used by various applications.
2. Services share a formal contract. For service interaction there is a need not to share anything but a formal
contract that describes each service and defines the terms of information exchange. The communication
between the services must be possible without any additional information.
3. Services are loosely coupled. Service must be designed to interact without the need for tight, cross-service
dependencies.
4. Services abstract underlying logic. The only part of a service that is visible to the outside world is what is
exposed via the service contract. Underlying logic, beyond what is expressed in the description that
compromise the contract, is invisible and irrelevant to service requestor.
5. Services are composable. Services may form other services. This allows logic to be represented at different
levels of granularity and promotes reusability and the creation of abstraction layers.
6. Services are autonomous. The logic governed by a service resides within an explicit boundary. The service
has control within this boundary and is not dependent on other services to execute its governance.
7. Services are stateless. Services should not be required to manage its own state information, as that can impede
their ability to remain loosely coupled. Services should be designed to maximize statelessness even if that
means deferring state management elsewhere.
8. Services are discoverable. Services should allow their description to be discovered and understood by humans
and service requestors that may be able to make use of their logic.
The above mentioned principles for design of services must be maintained in order to design information system which
follows the service orientation architecture. The principles are not autonomous and violation of one of these principles
usually causes the violation of the others. Among these principles the autonomy, loose coupling, abstraction, and the
need for the formal contract can be considered as the core principles. These core principles directly support the
realization of other principles.

WEB SERVICES
In principle the service in service oriented architecture can be realized on any platform [Erlt09]. In fact, now, the web
service is the best platform for service oriented architecture realization. The web service can be classified in various
ways.
One of the classification methods of the web services is based on the ways how they use the URIs, HTTP and
hypermedia [Webb10].
The web services created in connection with this work belong to the level one of the previously mentioned
classification system. They use URI only for communication between service and client. The way how these services
use URI is usually called URI tunneling. The word ”tunneling” refers to the misuse of URI for transfer of the variables
from client to the web service [Rich07].
The better way for transfer of the variables is to use the body of HTTP message – the level two of the classification
system. If the tunneling of the variables is incorrectly implemented on the service side it can cause several problems
[Webb10], [Rich07].
Though URI tunneling is not a sophisticated way of communication, it is suitable for web service testing and
demonstration. The variables tunneling make possible to use simple web browser as a client for service. The web
browser URI address bar can be used as an input point for communication with service.
The communication with the web service via URI tunneling can be easily demonstrated on the following example:
http://127.0.0.1:8000/quadraticequation/?a=1&b=4&c=1
If this string is put into web browser address bar it is send via HTTP request GET method to the web service
quadraticequation residing on the host 127.0.0.1:8000. The query string ?a=1&b=4&c=1 contain the
variables send to the web service. In this case three variables were sent (variables a, b, c) with its values.

40

4th International Conference on Carthography and GIS
June 18-22, 2012, Albena, Bulgaria
This URI is further parsed and processed by the web service. It returns HTTP response to the web browser or another
type of the client. If the body of HTTP response contain HTML document it can be easily displayed in web browser.
Such type of response is usually used for simple testing of the communication with web service.
For regular communication between client and web service or between two services the HTTP response contain usually
message in JSON or XML format. Another type of the message can be used if is necessary.
If it is necessary to send a special type of the response contacting more than one file in HTTP response body, the
packing (and compression) method which packs files into one file can be used. This is especially suitable if some types
of geographical data are send as response (ESRI shapefile, raster file + world file, …).

WEB FRAMEWORK DJANGO
A web application framework is a software framework that is designed to support the development of dynamic
websites, web applications and web services. The framework is focused on simplification of common activities
performed during the Web development. For example, many frameworks provide libraries for database access,
templating frameworks and session management, and they often promote code reuse [Weba12].
The Python programming language was chosen for implementation of the web service because of its power, simplicity
and widespread use, especially in the GIS community. It is necessary to mention, that ESRI GIS desktop product,
Quantum GIS and GRASS GIS can use Python as scripting language. It is also necessary to mention that there is an
interface, which enables the use of GDAL/OGR library in Python applications. Owing to this fact it is possible to
develop some application with support of this library and finally switch this application into ESRI GIS desktop product
line and simply replace the GDAL/OGR library with corresponding ESRI counterpart.
There is a large number of web application frameworks for Python. Because of this fact great attention was also laid on
the selection of suitable framework. Finally the Django web application framework was selected mainly because of its
user friendly documentation [Hraj12], [Prvn12], power and future perspective.
Only one drawback connected with Django application at the present time is the necessity to use version 2.x of Python
language instead of the version 3.x. On the other hand, the use of Python version 3.x is still not without problems (some
libraries are not still fully supported).
Django is an open source web application framework, written in Python, which follows the model-view-controller
architectural pattern. Django's primary goal is to ease the creation of complex, database-driven websites. Django
emphasizes reusability and "pluggability" of components, rapid development, and the principle of “don't repeat
yourself”. Python is used throughout, even for settings, files, and data models.
The core Django MVC framework consists of an object-relational mapper which mediates between data models
(defined as Python classes) and a relational database ("Model"); a system for processing requests with a web templating
system ("View") and a regular-expression-based URL dispatcher ("Controller") [ Djan12], [ Holo09].

SIMPLE WEB SERVICE WITH DJANGO
In order to demonstrate basic capabilities of web services and web application framework Django, the simple web
service focused on the quadratic equation was implemented.
The web service receives three coefficients and returns the roots of quadratic equation and the point of intersection with
axis y. The short comment concerning to the number and character of roots and value of discriminant is also returned.
The input is send to the web service via URI tunneling:
http://127.0.0.1:8000/quadraticequation/?a=1&b=2&c=100
and the HTTP response containing HTML message is returned (figure 1):
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Figure 1: The response of the quadraticequation web service.
The whole process can be demonstrated using simple web browser. For development purposes, the Django built in web
server can be utilized. The standard address of the server is 127.0.0.1, port 8000. This web server is not suitable
for normal work, so another web server should be used for real life Django deployment [Depl12].
The web application framework Django enable easy separation of the web service application logic, the presentation
logic, and the logic concerning to the URI dispatching.
The web service application logic can be implemented as an object – an instance of a class. This enable usage of
standard unit testing tools like for example unittest.TestCase. If this approach is used, the web service
application logic can be tested independently on the web service interface.
The unit tests based on the unittest.TestCase can be easily used via including unittest.main() in
section if __name__ == "__main__": of the file containing definition of the tested class. This section is
only used when file is directly run by Python interpreter.
The unit tests are the basic test in hierarchy of application or information system testing. If the fault is discovered on the
unit testing level, its correction is usually many times cheaper than if it is discovered on higher levels of testing.
The presentation logic of web service results can be of course hardcoded into program. Fortunately Django provides
build in template engine which gives to the developer more flexibility what concerns to the form of response. The
template engine is primarily focused on the generation of dynamic web pages, but can be easily used for generation of
any type of output – the body of HTTP response, like for example various picture formats, XML message, pdf
generated via Latex, … .
The URI dispatching is done through special files placed in Django project directory system. It is necessary to mention,
that the URI structure can by completely independent on the directory system of the Django project.
The first file involved in the URI dispatching is the file urls.py placed in Django project main directory. This file
contains the pairs of regular expressions patterns and functions. The incoming URI are compared with regular
expression patterns and if the incoming URI matches the pattern, the corresponding functions is called.
The second file involved in URI dispatching process is views.py. This file is placed into application directory (the
Django project subdirectory). This file contains the functions, which are joined together with corresponding URIs in the
urls.py file.
The Django also encompass the tools for easy management of databases. The interface with various databases is
realized through the object relation mapping [Djpr12].

EMERGENCY RESPONSE GUIDEBOOK
The 2008 Emergency Response Guidebook (ERG2008) was developed jointly by Transport Canada (TC), the U.S.
Department of Transportation (DOT), the Secretariat of Transport and Communications of Mexico (SCT) and with the
collaboration of CIQUIME (Centro de Informaciòn Quìmica para Emergencias) of Argentina, for use by fire fighters,

42

4th International Conference on Carthography and GIS
June 18-22, 2012, Albena, Bulgaria
police, and other emergency services personnel who may be the first to arrive at the scene of a transportation incident
involving dangerous goods.
The ERG2008 is primarily a guide to aid first responders in quickly identifying the specific or generic hazards of the
material(s) involved in the incident, and protecting themselves and the general public during the initial response phase
of the incident.
This guidebook will assist responders in making initial decisions upon arriving at the scene of a dangerous goods
incident. It should not be considered as a substitute for emergency response training, knowledge or sound judgment.
ERG2008 does not address all possible circumstances that may be associated with a dangerous goods incident. It is
primarily designed for use at a dangerous goods incident occurring on a highway or railroad. Be mindful that there
might be limited value in its application at fixed facility locations [Emrg12].
The Guidebook is divided into four color-coded sections and is intended only to be used for the first thirty minutes of an
emergency.
The fourth section - Green Section, with green page borders, suggests the Initial Isolation and Protective Action
Distances for spills of materials that are Toxic by Inhalation (TIH). These distances vary based on the size of the spill
and whether the incident has occurred during the day or the night. Only chemicals that are highlighted in the yellow and
blue sections are included in the green section [Emer12]. The schema of the zones defined in ERG2008 is depicted on
the figure 2.

Figure 2: The schema of the initial isolation and protective action zones defined in ERG2008 [Schz09].

ENDANGERED AREAS OF EMERGENCY RESPONSE GUIDEBOOK AS A WEB SERVICE
The web service provides borders of endangered areas according to the Emergency response Guidebook 2008 - Initial
Isolation and Protective Action Zones. The parameters necessary for construction of its borders are sent to the service
via URI tunneling. The example of the URI:
http://127.0.0.1:8000/ assessment/erg/?uid=aaa01& description=Boron
trifluoride/Boron trifluoride; compressed&x=50.05&y=14.25&
size=large&time=night&material=Boron trifluoride,
compressed&unid=1008&npaz=2048&niiz=1024&wind=350&format=html
The whole URI is one string. The parameters necessary for the evaluation are:
uid
description
x
y
size
time

User identification of the event.
User description of the event.
Latitude in WGS 84 system.
Longitude in WGS 84 system.
Size of the spill (small or large)
Time of the spill (day or night)

43

material
unid
npaz
niiz
wind
format

The name of the material according to the ERG 2008.
UN number.
Number of points of the Protective Action Zone border.
Number of points of the Initial Isolation Zone border.
Downwind direction in degrees, wind blows to this direction.
Desired format of the message send via HTTP response.

The values send through the URI tunneling are parsed and converted into proper data types. Next the coordinates of the
point belonging to the zone borders are generated in local coordinate system. The points of the borders are identified by
the distance from point of incident and by the bearing.
The generated border points are further rotated in order to respect the wind direction. Finally the local coordinates of the
border points are converted to the WGS 84 coordinates. This conversion is done through the Vincenty's formulae
[Winc12], [Dire75]. The program code used for the conversion was taken over from web page [Widf12]. The program
code was translated from Java language (the original code published on the web page) to the Python.
The last step is the generation of the output. In this version of the web service the desired output format is signalized by
the variable format. For the web service testing purpose, the HTML output containing the points of the borders is
appropriate. For further data processing the plain XML or JSON is more suitable. For direct use of the output in GIS
systems the Geography Markup Language, Keyhole Markup Language or Esri shapefile formats are suitable. The Esri
shapefile is generated through the GDAL - Geospatial Data Abstraction Library (sublibrary OGR Simple Feature
Library) and its interface to the Python language [Gdal12]. The final result – generated shapefiles are shown on Figure
3.

Figure 3: The web service generated shapefile representing the initial isolation and protective action zones
according to the ERG 2008. The great circle represent the protective action zone distance, the dark gray circle
initial isolation zone, the middle gray “keyhole” protective action zone and light gray square simplified protective
action zone. The black cross marks the place of hazmat incident and dotted line downwind direction (350°).
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CONCLUSIONS
In this article is demonstrated the use of the web services for publishing of the algorithms connected with population
protection and crisis management. The publication of the algorithms in the form of web services enables every program,
regardless on its nature, focus, use and real placement, to use the published algorithm. And vice versa the algorithms are
published on one place and can be easily maintained.
The web services are also the promising way for building the basic unit of the large scale information systems.
The outputs from the web services can have various forms (representation of the resources). One of the possible forms
of the outputs are formats suitable for GIS.
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Abstract
Location Based Services (LBS) are information systems which determine the location of users through mobile devices
and addresses to various location based needs of the users. Navigation applications are one of the most common areas
where LBS applications are used. Most common applications are about car and pedestrian orientation. Navigation
software produced today generally address to the navigation of cars. However, navigation needs of pedestrians are
different from those of drivers. Particularly, the usage of landmarks is vitally important in pedestrian navigation. In this
study, pedestrian navigation is focused on, and information will be provided by using of landmark orientation. Open
Street Map data is used here, which is open to all users and mobile application developers. OSM also provides tools for
developing pedestrian navigation software. An approach for landmark orientation is proposed and preliminary results
are also given.

Introduction
Locations based services (LBS) use geographical location of mobile devices and provide services related to this
location (Plante et al. 2007). Location based services (LBS) became popular along with the increasing usage of mobile
devices capable of determining location. The applications range from simple text applications which use base station
limits in telecommunication network (cell based) which approximately shows 2D location of the user (e.g. the list of
shopping malls within the coverage) to highly complex applications that rely on accurate positioning and advanced
analytical tools to support specific context for making decision (emergency services etc.) (Raper 2007, Jiang & Yao
2007). Possibility of developing software, positioning (GPS etc.) systems, increased graphic screen and memory
capacities of mobile devices make LBS applications widespread (Gartner et al. 2007). Although the use of cartographic
map interface is not required in all LBS applications (Reichenbacher 2004), the usage of cartographic products makes
LBS applications more functional (Gartner et al. 2007).
Navigation applications are one of the most common areas where LBS technology is used. Orientations applications
refer to the software which is used to provide information to the user to ensure that the users reach from one point to a
destination point in an optimum manner. Particularly car navigation applications are widely used around the world.
Such software generally provides information that the drivers might need during their ride (e.g. after 300 m turn right)
However, navigation needs of a pedestrian moving in an unfamiliar environment significantly vary from those of a
driver (Millonig & Schechtner 2007). For example, the roads the pedestrians will follow do not have to be the same
with car roads (Millonig & Schechtner 2007, Bogdahn & Volker 2009). In addition, it is often more effective to say turn
right from the hospital than turn right after 500 m in pedestrian navigation (Elias & Sester 2002). In addition to short
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distances, safety and appropriateness for a comfortable journey of the selected route are very important for pedestrian
navigation (Millonig & Schechtner 2007). In car navigation, generally the shortest distance is preferred. Furthermore,
positioning accuracy provided by GPS (Global Positioning System) is generally adequate in car navigation. It might not
be adequate for pedestrian navigation, particularly when the pedestrian moves less than the accuracy of GPS in two
sequential point where he/she receives GPS signals and when GPS signal might be interrupted (e.g. closed areas and
narrow streets) (Brunner-Friedrich 2004). For these reasons, pedestrians pay more attention to landmarks and use these
objects to find their directions.
Because of these, number of studies on pedestrian navigation rapidly increased in recent years. Radoczky (2003),
Reichenbacher (2003), Nivala & Sarjakoski (2007), Gartner et al. (2007) investigated the effects of cartographic
products on route description for pedestrian navigation; Retscher (2002) analyzed the level of location accuracy for
pedestrian navigation; Kolbe (2003) analyzed the use of augmented reality applications on pedestrian navigation;
Gartner et al., (2003), (Millonig & Schechtner 2007) discussed how pedestrian navigation can be used in closed areas
and Delikostidis (2011) investigated the properties of existing pedestrian navigation systems and made suggestions for
ideal pedestrian navigation. Similarly, the literature contains a large body of research on the use of landmarks in
pedestrian navigation.
Landmarks are very important for pedestrians and they want to use the landmarks on the route in addition to the
direction description. So it is very useful to use of landmarks in pedestrian orientation systems. Therefore, in this study,
it is aimed to build a mobile application that contents landmark orientation for pedestrians.
In this context, a pedestrian orientation system in Selcuk University Campus which was designed to conduct a test for
the LBS studies in Turkey will be explained. In the second section we will try to explain landmarks and why do we
need landmarks in pedestrian navigation. In the third section, Open Street Map (OSM) data is introduced, which is open
to all users. In section 4, the mobile application and the implemented algorithms are introduced.
Landmarks and NavIgatIon
Prominent objects around which help users to understand their surrounding and to navigate are called landmarks
(Sorrows & Hirtle 1999). In order to be a landmark, an object has to have a specific characteristic that differs it from
others. This might be a visual characteristic, location or any characteristic that differs from others (Raubal & Winter
2002, Elias 2002). In pedestrian navigation, the users want to use the landmarks on the route in addition to the
direction description (Michon & Denis 2001). Landmarks have a very important role in shaping of the environment in
the minds of the users (Brunner-Friedrich 2004). In addition, pedestrians check whether they are on the right way
according to them (Michon & Denis 2001, Elias & Sester 2002, Huang 2010), and when they encounter landmarks
during the route, they feel more comfortable. Particularly at decision points, these objects play a vital role in orienting
the users to the right direction (Klippel 2003). In our study, because of these reasons, it is considered to provide free
route information that cover landmark orientation for pedestrians.
Landmarks were categorized in a wide variety of types in the literature. Lovelace et al. (1999) categorized landmarks
into four types as follows: choice point landmarks (at decision points), potential choice landmarks (landmarks which
are not used in the current route but will be potentially used in case of reorienting), on-route landmarks (landmarks on
the route which are not at choice point) and off-route landmarks (the landmarks at a distance, but visible on the route).
Similarly, Raubal & Winter (2002) categorized landmarks into two types as global landmarks (e.g. off-route
landmarks) and local landmarks (e.g. choice point landmarks and on-route landmarks). Sorrows & Hirtle (1999)
investigated landmarks in three categories according to their prominent characteristics: visual, structural (at significant
locations) and cognitive (different in terms of their functions).
Raubal & Winter (2002), Elias et al. (2005) developed algorithms automatically to derive on-route landmarks.
Brunner-Friedrich (2004) analyzed 6 different landmark derivation methods and investigated what type landmarks
should be obtained and which method should be used. However, all of these methods have some disadvantages. It
should be particularly taken into account whether the landmarks are visible on the route. Applications such as datamining and laser scanning techniques are included in these methods to add visibility analyses of landmarks into these
methods. However, these combined methods are very difficult to apply. Due to these difficulties in automatic
derivation of landmarks, Millonig & Schechtner (2007) and Delikostidis (2011) determined landmarks by analyzing
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user behaviors in their study areas. Here, several users who were unfamiliar in the study area were followed on the
selected routes and the objects considered as landmarks by these users were determined. The results reveal that
determination of landmarks with this method was more appropriate in terms of user needs. The landmarks in our study
are determined by a poll conducted in the Selcuk University. The participants were lecturers and students of the
university. To determine which buildings in the campus can be landmarks, we asked the question “which of the
following buildings in the campus would you use to describe a place to a person who is unfamiliar within the campus
area?” (Figure 1).
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There are different approaches for visualizing landmarks in LBS applications. The principle aspect is to ensure that a
landmark is visualized in such a way to be distinguished from other objects. Elias & Sester (2002) developed various
methods based on graphic variables. These methods can be listed as follows: Marking the object with an arrow;
coloring the object or emphasized visualization of the object; simplified other objects and normal visualization of the
landmark; merged less important objects and separate visualization of the landmark; visualization of the object with
specific symbols. In addition to all these approaches, Radoczky (2004), Kolbe (2003), Hile et al. (2009) suggested that
3D models, geotagged photos and video sequences might be used for identification of landmarks with augmented
reality applications. Elias & Paelka (2007) found that buildings are 50% of the landmarks used in their applications.
They distinguish four different categories for landmark buildings: well-known shops (e.g. chain markets), shops
referenced by their type (e.g. restaurant, cafe etc.), buildings with a certain name or function (e.g. hospital, mosque
etc.), and buildings known with their visual characteristics. The researchers prepared a table about possible
visualization of the buildings in each category at different visualization levels (Figure 2) (Table 1). Since the
landmarks selected in our study area involves buildings, our landmarks were categorized and visualized according to
this table.
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Figure 1: Landmark buildings in our study area according to our participants

Figure 2: Visualization of a church at different abstraction levels (Elias & Paelka 2007)
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Table 1: Design proposals for landmarks (Elias & Paelka 2007)
Open Street Map
OpenStreetMap (OSM) is a project initiated by Steve Coast in 2004 to create geographic data covering the entire world
with the participation of world-wide users. The data of the project can be used free of charge by all map users.
Worldwide users can share their geographic data by uploading into this system, and use the data they need. The system
began to be widely used because of its various features such as possibility of making necessary updates and changes,
data infrastructure appropriate for programming, and high-quality cartographic maps (Figure 3). OSM is recently
preferred in academic circles because it is an open source system. Detailed information on various issues such as how
to use OSM data and how to add data to OSM can be obtained from URL1.

Figure 3: OpenStreetMap Registered Users (URL 1)
Because OSM did not contain sufficient data of our study area, at first, our data was transferred to OSM using OSM
tools such as JOSM (Java Open Street Map). Since OSM also provides an infrastructure for programming, this data
was used as base map in our mobile application which will be explained below. Below, elements in OSM, nodes,
ways, relations, are explained shortly (URL 2).
Node: A node defines a single geospatial point using geographical coordinates (latitude, longitude). A third optional
dimension, the altitude, can be added; and a node can also be defined at a particular layer. A town or a village can be
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represented by a node with place and name. A node may also be used without tags as a part of a way. In some cases
nodes along a way can have tags (such as building entrance to identify the way into a building).
Way: The second primitive element is the way which is an ordered list of between 2 and 2000 nodes. Ways can be used
to represent linear features (vectors) or polygons (areas). A way can be included as a member of relation and may have
an associated role. If ways consists of more than 2000 nodes, they have to be divided into two or more shorter ways.
Where ways meet, for example at junctions, they should share a node. Ways may be “open” (where they do not share a
first and last node) or “closed”. In some cases a closed way will be interpreted as a “closed polyline” in other instances
as an area.
Relation: A relation is one of the core data elements that consist of one or more tags, and also an ordered list of one or
more nodes and/or ways as members which is used to define logical or geographic relationships between other
elements. A member of a relation can optionally have a role which describes the part that a particular feature plays
within a relation. For example, a bus route might have a relation with type=route, route=bus tags. The ways over which
the bus travels would be members, along with bus stop nodes.
Application
Study Area
Selcuk University campus was founded in 1990. The university has a wide campus area of approximately 5 sqkm area.
There are 16 faculties, 4 colleges, 13 research centers, 1 library, 1 shopping center and dormitories. Free wireless
internet connection is available in many parts of the campus. There are approximately 50000 students and 3000
academic and administrative personnel.
Voronoi Diagram
In mathematics, a Voronoi diagram is a special kind of decomposition of a given space, determined by distances to a
specified family of objects (subsets) in the space. These objects are usually called the sites and to each such object one
associate a corresponding Voronoi cell, namely the set of all points in the given space whose distance to the given
object is not greater than their distance to the other objects. It is named after Georgy Voronoi, and is also called
Voronoi tessellation, Voronoi decomposition. Voronoi diagrams can be found in a large number of fields in science and
technology, even in art, and they have found numerous practical and theoretical applications (URL 3).

Figure 3: Voronoi Cells for a set of points in the plane (URL 3)
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In our study, we use landmark orientation for pedestrians. We want to ensure that the user enters into the coverage of at
least one landmark each time when he/she moves on the route. To achieve this, Voronoi cells are defined around our
landmarks in our study area. So, when the user moves on the route, he/she is in relation to the closest landmark.
Mobile Application
With this study, it is aimed to provide a route that contents landmark orientation for pedestrians. In this scope, an
application for mobile devices with Android operation system is developed. It is free of charge. Android operation
system allows software development with Java programming language, and it is free. Our application is a Java
application that runs in Android 2.2 and higher operation systems. Similarly, above-mentioned OSM data is used as
base map, because OSM also supports Java programming. Osmdroid (URL4) OSM android packages are used.
Firstly, we conducted a poll study to reveal the user profile in our study area, and to determine the landmarks. The data
which will be used as a base map in mobile application were not present in OSM. It was transferred to OSM using
JOSM editor. In this step, commonly used pedestrian ways (safe and comfortable ways) were included into the map.
Because it is important to find entrances to the buildings for the pedestrians, building entrances were added to the
system, and pedestrian ways and these entrances were associated. The first version of the mobile application using these
data was produced. In this context, zoom in, zoom out features, map scale, compass features with which the user can
activate and orientate the map were included to the application (Figure 4).

Figure 4: Study area in our mobile application
For landmark selection a poll was conducted mentioned above. The landmarks were organized following the approach
by Elias & Paelka (2007) (Table 2).
Landmark Classification
LANDMARKS
Mosque
Gökkusagi Shopping Center
Selcuklu Faculty of Medicine
Bank ATM
Süleyman Demirel Cultural Center
Library
Tramway stop
Post Office
Vakifbank Bank
Campus Rectorate

Visual
aspect
+
+

+

Name / Shop Shop
Function (type) (name) Image
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Landmark Visualization
Drawing Sketch Icon Symbol
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Table 2: Landmark Classification and Visualization in our study area
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Words
+
+
+
+
+
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Mosque, Selcuklu Faculty of Medicine and Campus Rectorate buildings were evaluated as global landmarks because
they are high and visible in the whole study area. These buildings are also significant in terms of their functionality.
They were shown with 3D pictures in the maps (Figure 4). These pictures were adapted to varying zoom levels. Other
landmarks, which are considered local, were included in the application with their symbols and names. Voronoi cells
were formed for all landmarks (Figure 5(d)).
After organizing landmarks, the current location of the user was taken in the system using the GPS functionality of the
mobile device. This location was shown with a person image (Figure 5(c)). Routing application was formed and
landmarks were used for orientation within this application. In this context, “Find Route” button appears. When the user
pushes this button, all destination points in the study area are shown on the screen. When the user selects one of these
destination points, Cloudmade (URL5) route algorithm operates and route is depicted on the screen (Figure 5(a-b-c)).
Landmark orientation starts to operate at this stage. While the user moves on the route, he/she is in a Voronoi cell of
any landmark, whose the name flashes. This is the nearest landmark. The animation continues until the user exits the
cell of that landmark (Figure 5(d)). Thanks to this orientation approach, the user can check whether he/she is on the
route.

Figure 5: Phases of mobile application (a) FindRoute button b) Destinations window c) Drawing route d) Voronoi cells
and landmark orientation
Conclusion
In this paper, Selcuk University Campus pedestrian orientation system designed as a test application for LBS studies
has been introduced. It is a pedestrian navigation system, and it is different from car navigation. Especially in such
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systems, landmarks should be used. We use Android operating system for mobile devices and Open Street Map data.
Both technologies are free to use. Landmarks are selected according to a poll conducted at the campus. A Voronoi
diagram is formed, and they appear when the user enters their Voronoi cell. So the user is shown the nearest landmark
while on the route. Doing so, the user can follow the route easily. In near future we will test the mobile application with
real users.
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Abstract
The analysis of flooding zones and flood-plain management for the Ob river flood-plain zone within the city of
Novosibirsk are considered. As a result, natural and technogenic features of the territory affecting the dynamics of
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emergency situation are defined. The term 'emergency situation geo-environment' was introduced. Geological,
hydrological, and soil data are generalized. Computer modelling of flooding zones was carried out. Actual flooding
protection measures for the territory of Novosibirsk city are offered.

The natural and technogenic objects form as a whole sophisticated technogenic natural and territorial complexes
(TNTC) [1]. TNTC spatial borders are specified by some features, i.e. landscape borders, areas affected by certain
processes or phenomena, distribution areas of characteristic territorial features etc.
Current natural and technogenic emergency situations (ES) influence the techniques used to define TNTC borders. ES
is spread over several territorial or environment areas where various TNTC can be located. Some ES influence the
whole complex of natural environments, i.e. geological, geographical, and space. Such ES are the most dangerous and
generally result in enormous loss of property and numerous victims among civilians. Consequently it is quite sensible to
separate an individual term ‘emergency situation geo-environment’ (ESG) within the general term ‘geo-environment’
[2].
ESG is a number of spatial objects, processes and phenomena that is limited by emergency situation influence at a
given time. To specify ESG we offer to use various classification criteria. To specify territorial ESG location
conventional ES classification can be used, i.e. global, continental, regional, and local ES. At the ES advance the
possible influence of ES on various shells – geographical, geological, space – must be taken into account. ESG advance
can be of a multi environmental type. ES ranging in terms of damages is also one of the most important classification
characteristics though this criterion does not influence ESG definition as a spati-temporal ES zone directly. The
damage can be real and forecasted one. Generally the amount of forecasted damage is determined by the value of
maximum ESG border. Here the temporal factor can increase ESG localization significantly.
For example, ESG connected with deglaciation on our planet is characterized as global (planetary) multi environmental.
Underground nuclear explosion ESG can be an interesting example. Initially nuclear test explosions were treated as
local ESG in geological environment but in the course of time there is a proved fact that ESG is spread to the regional
level within the geographical and geological environment [4].
So ESG definition requires not only ES spatial border determination, but also the study of ES influence on various
natural environments. Execution sequence to determine ES geo-environment is shown in Fig. 1.
The process chart in Fig. 1 has been used by SGGA specialists to perform investigation of the seasonal flooding area of
the city of Novosibirsk and to develop potential preventive measures in case of flooding as an ES.
The territory of the city of Novosibirsk that is the third largest city in Russia implies ES of territorial and multi
environmental character. For example, temperature inversion and scarcity of oxygen are the ES that are common for all
big cities [5]. Besides, one can single out local ES that are specified by current TNTCs that have been formed on the
territory of the city. The Novosibirsk water basin [5] is the biggest TNTC in Novosibirsk Region. It is the construction
of the Novosibirsk water basin and hydropower station that have prevented seasonal flooding of the residential zones of
the city. But at the decreased flooding hazard the development and construction of the coastal territories began. At
present as a result of improper information concerning flooding hazard and lack of building ban there are over 25 dacha
communities within the borders of a flood-plain. Routine and emergency water removing at the hydro power station
results in flooding and serious financial damage for citizens who have real estate objects on the given territory.
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Figure 1. Spatial ESG Localization
The numbers correspond to the following EMERCOM activities: 1 – the prevention of ES development at the stage of
territory monitoring; 2 – the transfer of monitoring data to the state spatial data banks (the information gets the state
status); 3 – the cycle of continuous surveillance of natural and man-made environment; 4 – set of measures to mitigate
ES consequences; 5 – public warning, measures to minimize ES influence.
The carried out geoinformational analysis and modelling supplied the data required to determine emergency situation
geo-environment localization, i.e. flooding area, and to develop flooding protection measures.
The flooded area from the hydro power station to Matveevka Settlement is a contemporary accumulative flood-plain,
i.e. runnel and insular one that has been created at the transformation of midstream sandbanks into elementary islands
followed by formation of insular massifs attaching to the bank and increasing the flood-plain. The structure of the
contemporary accumulative flood-plain is predominantly based on stratified alluvium of light mechanical composition:
fine and medium-grained sand, clay sand, light sandy loess loam.
The flood-plain mainly has lost its original appearance; its current area is satisfactory neither from environmental nor
from aesthetical point of view. This is the result of lack of systematic approach in reclamation (Fig. 2a) and
development with no plans or even a general concept. So the near-Ob territory of the width of 1.5 km has not been
landscaped.
The settlements and industrial facilities are interlaced with vegetable gardens, disused quarries, vast weed waste
ground, ‘odds and ends’ of natural areas (Figure 2b). However, in spite of multiple domestic and industrial landfills and
settlers, the comparative cleanness of residential and industrial areas is maintained.
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2 а)

2 b)
Figure 2. Flood-plain Reclamation

As it is clear from the general layout of Novosibirsk, the problem of dacha’s plots within the borders of Ob flood-plain
area is well-known to the city planners, so the area is ranged in the class of dangerous ones, and any construction works
and economic activity is banned here.
Technogenic territory development turned out to be unfavourable for the existing hydrographical system; new roads,
dams (the biggest ones are Matveevskaya and Yeltsovskaya), quarries changed the partial diversion and precipitations
transfer.
The field study provided the territory flooding data that were combined with digital flooding model at various levels of
water evacuation. Typical examples of territory flooding based on the field study are shown in Fig. 3.

Figure 3. Examples of Flood-plain Territory Flooding
The following facts have been established by computer modelling of flooding zones at various water levels in the Ob
River, as well as by calculation of data on the highest long-term Ob River stages in relation to the Novosibirsk water
gauge station:
- Dacha territories’ flooding is mainly the result of Ob river stage raising and water inflow through the creek,
Fig. 4;
- Motor road dams construction (Fig. 4) has changed the hydrological regime of the territory completely: flood
water and water evacuated by the Novosibirsk Hydro Power Station reaches the dacha communities’ territories
through the creek and has no way out through the natural water basins;
- Current bank features provide for the water-parting between dachas' plots and the Ob River at a level of 98 –
99 m. The only exception is a plot of 150 m, where the water-parting is at the level of 97 m;
- To protect the territory against flooding it is required to construct a dam at an elevation of 98.50 m that is equal
to the critical evacuation level +500 cm;
- The calculation of protective dam height for prevention of territory flooding at maximum historical water
level +692 cm shows that the dam’s height must correspond to the absolute elevation of 99.5 m;
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- To evacuate water from the flooded territories the protective dam and motor road dams must be equipped with
hydraulic installations such as levee sluices at the points specifies in Fig. 4.
The layout of flood protection hydraulic installations is shown in Fig 4:

Figure 4. The Layout of Flood Protection Hydraulic Installations.
The numbers correspond to the following: 1 – the dam equipped with a hydraulic sluice; 2 and 3 – drainage pipes with
hydraulic valves in motor roads dams; 4 – the bank side requiring protection works.
The considered example demonstrates that ESG of the Ob River flood-plain is a minor one and equal to 4,000 ha and of
local type. However, the direct connection of ES with the Novosibirsk water basin’s water level forms a sophisticated
system based on the interaction between technogenic and natural objects that increases the ES influence up to the
regional level. Limitations and total ban for the territory development would mitigate the seasonal flooding
consequences and federal spending for the elaboration of flood protecting measures.
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Abstract
The use of advanced tools for computation and modelling of natural hazards can be combined with a GIS that has the
capability of decision support and advanced visualization to produce models, that will represent the risks of natural
hazards and man-made disasters in the form of risk maps, where the risks are categorized and quantified. Very large
amounts of data can be processed, quantified and displayed on digital maps, allowing decision makers to assess the
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situation rapidly and take appropriate actions.
Furthermore, these processes can be automated, enabling near real time access to the risk maps. This can greatly help
decision makers with the emergency measures and mitigation in most of the cases. In this article, we present a case
study about mapping of flood risks due to a dam burst showing risk maps of flood hazards and available emergency
facilities and their significance for risk prevention and mitigation.

INTRODUCTION
The main goal of our research is to use previously created web based Geographic Information Systems (GIS)
application (Mioc et al., 2012), which could generate flood risk maps in near real time to further explore its potential for
mapping of the catastrophic flood events.
It has been identified that more than 58% of the incorporated municipalities in the region of New Brunswick, reside
within the Saint John River System (New Brunswick Department of Environment, 1980). The reason being that the
waterways, during early settlement years, served not only as a source of major transportation for the early settlers, it
also served as a source of livelihood for them as well. As the New Brunswick communities grew, so did occupation of
flood plains to the point where substantial damages, human sufferings and indeed, loss if lives occurred during major
floods (Spear, MacDonald & Associates et al., 1983). Nation wide surveys have been made in the past and they clearly
show that New Brunswick area is one of the highly vulnerable areas to floods.
There are many factors that may lead to floods, and people living in flood plains are most likely to be affected. A flood
plain is whereby a flat or gently sloping land adjacent to a stream, during high stream flow conditions, caused by
excessive rainfall or snowmelt or a combination of the two, become inundated by water (Spear, MacDonald &
Associates et al., 1983). A large number of people in the Fredericton area reside along the Saint John River and its
tributaries. Web based GIS (Zipf and Leiner, 2004) is a methodology of building distributed GIS applications on the
internet (Shea, 2001). Web GIS has the possibility of query on the website that can help to identify the properties and
the people who might be affected by the floods, who may then been contacted to have ample evacuation time.
In this research near-real time prognostic of the flood maps were used (Mioc et all, 2012). Design floods have also been
utilised, for the system to have the capability of producing property data of properties that may be affected by a
particular design flood. This can be very helpful to flood practitioners to have an idea of the properties likely to be
affected by such a flood (see Figures 1 and 3). Furthermore, city planners may also utilize the data when planning for
future developments on flood prone areas to have an idea on the extent flood coverage of a possible maximal flood
(shown on Figure 1).
The idea is to use design floods, defined by Jeanne Andrews’ publication on floods (Andrews, 1993) to be extreme
flood events selected and used for the design of structural measures such as dykes, spillways and floodways, as well as
used in the delineation on topographic maps of flood hazard areas adjacent to rivers, lakes and the sea. The design
floods used are of 1 in 20 year flood, that is a flood having a return period of 20 years on average or having a 0.05%
chance of occurring in a given year. Other design floods are 1 in 100 year and 1 in 200 year flood. These are intersected
with land use classification layer that include industrial areas, offices, parks, shopping areas and residential blocks of
people residing within the flood plain. Furthermore, data showing the streams and rivers around the Fredericton area, as
well as data showing road networks are used to calculate available evacuation routes.
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Figure 1. Flood warning application – River watch

As a part of flood modelling the possible catastrophic flood due to the Macquatac dam burst have been mapped as well.
The Mactaquac Dam (see Figure 2) is an embankment dam used to generate hydroelectricity in the Canadian province
of New Brunswick. It dams the waters of the Saint John River and is operated by NB Power with a capacity to generate
653 megawatts of electricity from 6 turbines; this represents 20 percent of New Brunswick's power demand (Wikimedia
Foundation Inc., 2006).
Formally called the Mactaquac Generating Station, the dam and power house are located approximately 15 km (9.3 mi)
upstream from the city of Fredericton. The dam is an embankment dam consisting of a rock-fill structure sealed by clay.
It combines with two concrete spill-ways to form an arch across a narrow section of the river between the communities
of Kingsclear on the west bank, and Keswick Ridge on the east bank (Wikimedia Foundation Inc., 2006).
Rising 40 metres in height above the river level, the reservoir (referred to locally as the "head pond") covers 87 square
kilometres and extends 96 kilometres upstream, near Woodstock. The dam and powerhouse are a "run of the river"
design, meaning that the reservoir has no additional holding capacity in the event of unusually high water flows, such as
during the spring freshet (Wikimedia Foundation Inc., 2006).
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Figure 2. Macquatac dam
The concrete portions of the dam (namely the spill-ways) are currently experiencing a problem of expanding concrete.
When built, locally quarried greywacke was used as the aggregate and is believed to be responsible for the alkaliaggregate reaction expansion. The dam is being monitored and extra maintenance work is being performed, although
the spill-way is expected to have a reduced life expectancy. The earliest projections put the dam's end-of-life at 2028,
instead of the original 100-year lifespan of 2068. Even worse, the officials will not say how much it will cost and when
it will show up on the utility's accounts. (Wikimedia Foundation Inc., 2006)
Prototype design and implementation
Previous work (Mioc et al., 2012) on the flood mapping and prototype development relied on the commercial web GIS
packages. The querying and data processing were slow and the we did not have the capability of displaying 3D
buildings available from City of Fredericton (Lunn, 2012). We decided to try to use Google Earth instead for
visualization of the catastrophic flooding scenario. The easy to use interface (see Figure 3) provided by Google Earth
should also allow non-GIS experts to be in a position to interactively view and explore, as well as query the data base,
to select different data variables and to view maps at several levels of detail. The hydrological modelling of the dam
break was done as a part of the flood monitoring and prediction project by River Watch (River Watch, 2012; Tang et al,
1999). The two scenarios of Macquatac dam breach were considered; one with the reservoir not full, and under the
normal operation of the dam called “Sunny Day” (shown on Figure 3) while the other deals with the dam removal
scenario (Tang et al., 1999) and it is shown in Figures 4 and 5.
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Figure 3. Prototype showing the extent of flooding for Macquatac dam burst scenario

Figure 4. Two dam break scenarios integrated and displayed within Google Earth
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Figure 5. Snapshot of Fly Through downtown Fredericton showing the extend of the flooding due to the dam break
The Mactaquac dam burst scenario has also been implemented using ArcIMS, thus allowing for the query and spatial
analysis. The users of this application can visualize the extent of the flood in the city as well as the houses likely to be
affected by such a scenario (see Figures 6 and 7). Furthermore, the shelters and the hospitals available to the population
are identified and mapped (see Figure 8).

Figure 6. The view of the 3D buildings in downtown Fredericton
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Figure 7. Web GIS application for Macquatac dam burst scenario

Figure 8. Available shelters and hospitals (hospitals shown as red triangles, while red circles represent available
shelters)
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RESULTS and conclusions
With recent advances of GIS technology, it is now possible to map and determine the risks (together with their
magnitude) of different natural hazards and man-made catastrophes. Very large amounts of data can be processed,
quantified and displayed on digital maps, allowing decision makers to assess the situation rapidly and take appropriate
actions.
The use of advanced tools for computation and modelling of natural hazards such as floods can be combined with a GIS
that has the capability of decision support and advanced visualization to produce the models, that will represent the
risks of natural hazards and man-made disasters in the form of risk maps, where the risks are categorized and
quantified.
Furthermore, we have shown that these processes can be automated, enabling near real time access to the risk maps.
This can greatly help decision makers with the emergency measures and mitigation in most of the cases. Furthermore,
their significance for decision-making and risk prevention and mitigation can be evaluated in for future real situations.
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Abstract
Protected Sites is the 9th theme included in Annex I which defines INSPIRE Directive as an area designated or
managed within a framework of international, Community and Member States' legislation to achieve specific
conservation objectives of natural and cultural heritage. For the purposes of this work, a research has been conducted
with a goal to analyze existing data of the protected areas, legislation and regulations which control protected areas in
the Republic of Croatia and institutions responsible for their implementation.
Keywords: INSPIRE, Protected Sites, Republic of Croatia

1. INTRODUCTION
The nature and natural values are of special interest for the Republic of Croatia therefore they enjoy its special
protection. The implementation of effective protection and nature conservation in the Republic of Croatia has been
enabled by the establishment and development of the national legislative framework, continuous development and
strengthening of capacities in the field of nature conservation on national and regional level, continuous monitoring of
nature conservation and its promotion with the aim of involving the public as an important stakeholder in the system of
nature protection (OG 2005).
The protection of cultural heritage is a very important process in maintaining the cultural identity of a society and a
proof of its existence and activity. The goal of this protection is preserving the quality and values of cultural property,
an extension of its life, and the protection of its material resources. The harmonization of international laws relating to
the protection of cultural heritage is of great importance (URL1).
INSPIRE constitutes future framework for national spatial data infrastructures (NSDI) within the EU Member States, so
the INSPIRE guidelines may be considered as mandatory for any further activities of the NSDI. INSPIRE is based on
the existing NSDIs of Member States and does not require new data collection, but at the same time it requires the
harmonization of existing data. INSPIRE Directive has already been partially transposed into Croatian legislation by the
Law on State Survey and the Real Property (OG 16/07). In accordance with the negotiation provisions in Chapter 27th
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Environment, Croatia has pledged to do a complete transposition of the INSPIRE Directive until its accession in the EU
(January 7, 2013). The aim of INSPIRE is to ensure a coordinated spatial data and information and to simplify access to
data, where is the task of Member States to ensure the availability, quality, comparability, completeness and
consistency of their own spatial data (Cetl 2010).
An overview of legislation and institutions responsible for maintaining environmental protection and cultural heritage
in Croatia will be shown in this paper. Competent institutions should collect and store data in accordance with
INSPIRE. Correspondingly, an overview has been given which data relate to protected areas, how they lead their
evidence and in what way they are publicly available to users for browsing.
2. INSPIRE AND PROTECTED SITES
International Union for the Conservation of Nature (IUCN) defines Protected Site as an area of land and/or sea
specifically dedicated to protecting and maintaining biological diversity, natural and associated cultural resources, and
management through legal or other effective means.
Within the INSPIRE context, Protected Sites include terrestrial, aquatic and/or marine environments and may be under
public or private ownership. They may include localities with protection targets defined by different sectors and based
on different objectives. Objectives for protection may include: the conservation of nature; the protection and
maintenance of biological diversity and natural resources and the protection of person-made objects including
buildings, prehistoric and historic archaeological sites, other cultural objects, or sites with specific geological,
hydrogeological or geomorphological value (URL2).
The INSPIRE Data Specification on Protected Sites identifies three application schemas of Protected Sites, each with a
different purpose:

Simple: A very limited set of fundamental attributes, including geometry, identifier, name and legal foundation
date and document reference. Only current (non-historical) Protected Sites are included

Full: The full model including all attributes, historical as well as current Protected Sites, but most attributes are
being optional so values may be omitted

Natura2000: The full model with all attributes, historical as well as current Protected Sites and with mandatory
attributes required for updating and maintaining of Natura2000 site data by Member States. Member States may use this
application schema to provide Natura2000 site data.
3. LEGISLATION ON PROTECTED SITES IN THE REPUBLIC OF CROATIA
Croatian environmental legislation consists of international agreements (conventions and protocols), confirmed by the
Croatian Parliament, the laws and their implementing regulations. Primary law is the Environmental Protection Act
(OG 2007). It provides the basis for the adoption of implementing acts by which legislation will be harmonized with
European legislations and because of that they introduced new concepts in it from the acquis communautaire. The area
of nature protection is regulated by the Nature Protection Act (OG 2005, OG 2008).
Nature Protection Act regulates the protection system and comprehensive nature conservation and its value. Nature is
considered to be the overall biological and landscape diversity. Protected natural values are the natural values declared
being protected by the bodies determined by the Nature Protection Act and related to the protected category. Protected
categories of protected natural values defined in this Act are (OG 2005):
1. Protected areas – strict reserves, national parks, special reserves, nature parks, regional parks, natural monuments,
important landscapes, forest parks, monuments of park architecture
2. Protected taxa – strictly protected and protected wild taxon (hereinafter referred to as: protected wild taxon),
protected indigenous domesticated taxon
3. Protected minerals, raw materials and fossils.
The second Act in the Republic of Croatia, refered to protected sites, is the Act on the Protection and Preservation of
Cultural Goods (OG 1999, OG 2003a, OG 2003b). This Act regulates the types of cultural goods, establishment of
protection of cultural goods, rights and obligations of owners of cultural goods, protection and preservation of cultural
property, as well as other issues related to the protection and preservation of cultural property.
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Cultural goods under this Act are:
Movables and immovables of artistic, historical, paleontological, archaeological, anthropological and scientific
importance
Archaeological finds and archaeological zones, landscapes and their parts of that witness human presence on
the land, and have an artistic, historical and anthropological value
Intangible forms and phenomena of human spiritual creativity in the past as well as documentation and the
bibliographic heritage and
Buildings or premises in which cultural properties and documentation concerning them are permanently
displayed.
4. INSTITUTIONS THAT DEAL WITH PROTECTED SITES IN THE REPUBLIC OF CROATIA
4.1. Ministry of Environmental and Nature Protection
The Ministry of Environmental and Nature Protection (MENP) performs administrative and other tasks related to:
exploring, studying, monitoring, recording, documenting and promoting natural heritage (URL3). Within the MENP
acts the Nature Protection Directorate, which performs administrative and technical activities related to biological and
landscape diversity conservation, sustainable use of natural resources and protection of natural values. Information
Department, which operates within the MENP’s perform tasks of establishing and managing a library with publications
of MENP and other printed materials, ensures to the citizens all-day access to all publications from the library and
access to information on the work of the MENP, the Croatian Environment Agency, the State Institute for Nature
Protection and the Environmental protection and energy efficiency Fund (OG 2012).
4.2. Ministry of Culture
Ministry of Culture (MC) performs administrative and other tasks in the field of culture. Directorate for Cultural
Heritage Protection (DCHP) is one of the organization units of MC in which administrative and technical tasks are
carried out related to: establishing conditions for the use and purpose of cultural property and management of cultural
property in accordance with the regulations, establishing special conditions of construction for the protection of cultural
property, doing inspection activities in the field of protection of cultural property and other affairs in accordance with
the scope of work of DCHP (OG 2011b).
4.3. Croatian Environment Agency
Croatian Environment Agency (CEA) is the central information body that collects and integrates information about the
environment in order to monitor the implementation of environmental policy and sustainable development. CEA is an
independent public institution established by the decision of the government of the Republic of Croatia to collect,
integrate, and process environmental data. According to the Environmental Protection Act (OG 2007, Article 37,
Paragraph 2) CEA activity includes preparation of the National List of Indicators (NLI). Indicators of biological
diversity, Protected Natural Values and Genetically Modified Organisms are the integral part of the NLI (URL4).
4.4. State Institute for Nature Protection
The State Institute for Nature Protection (SINP) is the central institute which ,pursuant to the Nature Protection Act
(OG 2005, OG 2008), carries out expert tasks of nature protection in Croatia. It was established by virtue of a
Regulation of the Government of the Republic of Croatia on 30 October 2002, according to National Strategy and
Action Plan (NSAP) (OG 81/99) and the Implementation Plan for the Stabilization and Association Agreement, signed
by Croatia and the European Union in 2001.
5. DATA AND DATABASES ON PROTECTED SITES IN THE REPUBLIC OF CROATIA
Proposed Act on proclaiming protected areas is based on baseline study, which is made by the SINP. The expert base
contains the detailed description of the area's characteristics and values, a state assessment of the area, the consequences
which will be accomplished by its proclamation, particularly regarding to ownership rights and existing commercial
activities. The act of designating protected areas contains: the name and category of protected areas, spatial boundaries,
the indication of the scale cartographic representation, cartographic representation of the protected area in analogue and
digital form, which is an integral part of the act of proclamation. The cartographic representation of protected areas in
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analog and digital form is preserved by the bearer of the proclaiming, and a copy is submitted to the MENP and the
SINP. Then, protected areas are entered in the Register of protected areas conducive by MENP (OG 2005).
5.1. Data and databases managed by MENP
5.1.1. Emerald Network – Pilot-project
In Croatia, the pilot project was carried out in 2003 by the contemporary Ministry of Environmental Protection and
Physical Planning, in co-operation with domestic scientists and with the financial support of the Council of Europe.
During the implementation of this project: the protected species and habitat types in Croatia, pursuant to Resolutions 4
and 6 of the Bern Convention, were established; the specificities of Croatia, missing in these lists (especially marine
and underground habitats and endemic taxa) were analysed; the Emerald database was compiled with six protected
areas with international protection status, covered in a total area of 309 867 ha or 5.47% of the Croatian territory
(URL3).
5.1.2. National Ecological Network of the Republic of Croatia (CRO-NEN)
Implementation of the Ecological Network is one of the obligations Croatia has to meet in the accession process to the
EU. Concept of Ecological network represents implementation of EU legislation according to the following guidelines:
Conservation of wild birds (Council Directive 79/409/EEC) and Conservation of natural habitats and wild fauna and
flora (Council Directive 92/43/EEC). Based on these Directives, state members of EU are obliged to determine the
areas important for conservation of threatened European species and habitats which become part of the EU ecological
network NATURA2000.
The main objectives of the CRO-NEN are: to train the authorities in environmental protection to implement the
obligations in the process of Croatian accession to the EU, and develop a methodology for presenting environmental
network to local people and stakeholders; to create a map of the National Ecological Network as part of the PanEuropean Ecological Network and the basis for the EU program Natura2000; to develop a wide network of associates to
collect data on biological diversity as the basis for the National Biodiversity Monitoring Programme (URL5).
5.1.3. Natura2000
Based on the Loan Agreement with the World Bank in 2011, Ministry of Culture began implementing a five-year EU
Natura2000 Integration Project (NIP). Due to new Act on the Organization and Scope of Work of Ministries and Other
Central State Administration Bodies (OG 2011), since December 22, 2011, Nature Protection Directorate and NIP
accordingly, have been under jurisdiction of new MENP.
From the moment of its accession to the EU, Croatia will need to implement the Birds and Habitats Directives on its
territory. Already, many of the provisions of these two EU Directives have been transposed into the Nature Protection
Act (OG 2005). Like other EU countries, Croatia will also have to propose sites for the NATURA 2000 Network for
over 250 species and 70 habitat types that occur in Croatia and that are considered to be of EU importance.
The overall development objectives of the project are: to support National Parks, Nature Parks and County Public
Institutions for management of protected natural values in implementing European ecological network Natura2000
objectives in investment programs; to strengthen capacity for biodiversity monitoring and EU-compliant reporting; and
to introduce programs that involve a wide group of stakeholders in Natura2000 network management (URL6).
5.2. Data and databases managed by MC
5.2.2. Register of protected areas
The referential database and only official source of information on protected areas in the Republic of Croatia is the
Register of protected areas, kept by the Nature Protection Directorate of the of the MC. The Register is public, except in
exceptional cases when there is confidentiality about the position of a protected natural asset determined.
Today, protected areas constitute 7.94% of the total area of the Republic of Croatia, or 11.4% of the terrestrial territory
and 1.3% of the territorial sea. Nature parks are the largest segment of all protected areas (3.71% of the total national
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territory). Map of protected areas of the Republic of Croatia (Figure 1) made the SINP, using data taken from the
Register of protected areas, and can be downloaded from the web page of SINP (URL7).

Figure 1. Map of protected areas of the Republic of Croatia
5.2.1. Register of Cultural Goods
Register of Cultural Goods is a public book of cultural goods which is managed by MC. The Register contains the
following specialized lists: List of protected cultural goods, List of cultural goods of national significance, List of
preventively protected goods. The form, content and manner of guidance are prescribed by the Ordinance on the form,
content and manner of maintaining the Register of Croatian cultural goods (OG 2011a).

The project of developing a unified information system of cultural heritage included a program performance of a
number of databases in the field of protection of cultural heritage, which are categorized into five groups on the local IT
network. In September 2010 the project of the new Register of Cultural Goods was initiated. In that way, there was a
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starting point for further development of the entire information system of cultural heritage created, that will be available
to professional and general public.

A public Register of Cultural Goods website (URL9) contains a search engine that allows users to search by name of
goods or another setting. Cultural property can also be viewed via the GIS browser (Figure 2, URL10) in the form of
maps, showing the locations of certain cultural goods.

Figure 2. GIS browser of cultural goods

5.2.3. FastiOnline
FastiOnline (URL11) is a Web site based on GIS database that contains summaries of the archaeological sites studied in
a particular area. The idea for this page was created in 1998 when Fasti Archaeologici jornal ceased to be published.
FastiOnline project was launched in 2000 and then it included only the archaeological localities in Italy. Then Malta,
Macedonia, Serbia, Romania, Bulgaria, Cyprus and Croatia were included in the project. The project aims to involve all
Mediterranean countries (URL9).
Website FastiOnline is multilingual so the summaries of the Croatian sites can be seen Croatian and English. Besides
the abstracts, they include an interactive map with the exact location of the site and are very easy to search. Content of
Croatian portal is jointly owned by the International Association for Classical Archaeology and MC's.
5.2.4. Protected Area Management System (PAMS) in the Republic of Croatia
The Protected Area Management System project in the Republic of Croatia had been implemented in the period 2006 to
2009 by MC in cooperation with the State Geodetic Administration and the SINP, and the assistance of the Government
of the Kingdom of Norway. The project objective was to establish a geoinformation system (GIS) of protected areas
(Figure 3, URL8), in order to ensure that protected areas, national parks, nature parks and areas managed by county
protection institutions are managed based on accurate and up-to-date information.
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With establishment of GIS the overview of topographic, cadastral, land, spatial data was enabled together with the
nature monitoring with the spatial designation of distributed species and habitat types. The system allows the analysis
and the use of protected areas, such as the intensity of tourist traffic, with the aim to achieve the conservation and
sustainable use of protected areas. In addition to purchasing the necessary computer equipment and software, the project
included the creation of specific topographic and cadastral presentation (TM25, DOP, CBM).

Figure 3. PAMS GIS portal

5.3. Data and databases managed by CEA
5.3.1. Database on the damage of forest ecosystems in the Republic of Croatia, with descriptions of plant
communities
The database (URL13) includes the assessment results of the forest ecosystems’ damage (defoliation, discolouration
and mortality of trees) across the durable bioindication surfaces ICP Level I network of 16 × 16 km distributed over the
Croatian. In the database there are the identification cards of all durable surfaces (about 100 surfaces), where
monitoring is carried out with the following parameters: coordinates, location, water availability, soil type, type of
geological substrate, altitude, inclination, exposure, age and stand structure, the dominant plant species, abundance of
plant communities and the type of climate. The integral part of the database is the description of plant communities on
permanent surfaces, about 60 of them. Within the database there is a GIS browser, photo manual and assessment
damage methodology of forest ecosystems. Data contained in the database have been collected from the Faculty of
Forestry and Croatian Forest Research Institute.
5.3.2. Catalogue of protected and strictly protected species in Croatia
CEA created an extensive database of protected and strictly protected species in the Republic of Croatia (URL14). The
database is searchable by Latin and Croatian name. All names are in alphabetical order for easier browsing. In addition,
it is possible to display all species currently enrolled or show the number of species according to the group. So far, out
of 10 groups, 7 of them are fulfilled. In the database there are images and data such as the Red List status, biology and
distribution of species, a list of scientific articles and authors who have worked on research of some species and the
status of species according to the Ordinance on the proclamation of protected and strictly protected wild taxa (OG
99/09). The database was created in 2007 while the Ordinance has been in effect since 2006 (OG 7/06) and
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subsequently aligned with the Ordinance of the same name since 2009. Data are collected in collaboration with
professional bodies and non-governmental organization’s.
5.3.3. Database on research the biodiversity components in protected areas
The database (Figure 4) contains the location of protected areas in the category of national parks and nature parks (a
total of 19 areas). For each protected area it is possible to get an overview of basic data (protection category, years of
designation, act on the designation, area and geographical data and contact information) as well as research performed
within a single protected area and information about the taxonomic groups.
To define the data the information from the Register of protected areas of the Republic of Croatian were used as well as
the data collected by using questionnaires sent to national administrations of the national parks and nature parks,
together with all district public institutions for the management of protected areas. Also, metadata were collected about
researching, data availability and the institutions and experts who had conducted research. Part of the questionnaire
there is also the table of representation of certain flora and fauna taxa on a particular protected area. The database
contains the following map layers: county boundaries, main roads, Corine Land Cover and habitats map that are
essential for expansion of park views and its position in relation to roads, land cover and habitat types. The database is
publicly available on the website of CEA (URL12).

Figure 4. Database on research the biodiversity components in protected areas

5.3.4. CORINE Land Cover Croatia
CORINE (COoRdination of INformation on the Environment) Land Cover Croatia is a digital database on the status
and changes in land cover as well as the use of land in Croatia for the period from 1980 to 2006. Database CLC Croatia
is consistent and homogeneous with the data of land cover from the entire EU. CLC database has been created by the
program for the coordination of environment and natural resource information called CORINE, accepted by the EU and
at the EU level, evaluated as a basic reference data set for spatial and territorial analysis. CLC Croatia is publicly
available in the GIS browser form (Figure 5) on the website of CEA (URL15). The database can be obtained on request,
by completing the appropriate demand.
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Figure 5. GIS browser CLC Croatia

5.4. Data and databases managed by SINP
5.4.1. Red Lists and Red Books of Plants and Animals
Though Croatia can boast with having the exceptional diversity of its living world, many species in Croatia are on the
brink of extinction. If they are recognized in time, their threats are assessed according to the criteria of the IUCN and
classified into the appropriate threat category. Taxa for which the threat category have been determined, are included on
the red lists and in the red books of threatened Croatian taxa.
Fifteen red lists have been compiled to date: birds, mammals, reptiles and amphibians, freshwater fish, marine fish, day
butterflies, dragonflies, ground beetles, stoneflies, cave fauna, corals, terrestrial and freshwater gastropods, lichens,
fungi and vascular flora. In the first half of 2012, the red list of sea algae and sea grasses and the red list of freshwater
crustaceans should be published. After the red list is created, the next step is to create the red book for the same group.
During the red book preparation, the existing red list of threatened taxa of the same taxonomic group, or category of
threat of individual taxa, are revised according to the newest data. Complete information is compiled for each taxon,
including the description and biology of the species, its distribution, its ecological characteristics, existing legal
protection and, most importantly, a list of causes of threats to the taxon and proposed conservation measures, with a
photograph or sketch of the species and a map of its distribution in Croatia. A total of nine red books have been
published up to 2011: birds, mammals, amphibians and reptiles, freshwater fish, marine fish, dragonflies, cave fauna,
fungi and vascular flora. Red books to be published in 2012 include new red book of day butterflies, and revised red
books for birds and for reptiles and amphibians (URL7).
5.4.2. Habitat map
Pursuant to Article 57, paragraph 1 of the Nature Protection Act, "Habitat types shall be documented on a habitat
map..." Pursuant to Article 123, management plans for natural resources shall contain a cartographic overview of the
habitat types within. With this, habitat types become a mandatory part of these documents, to which certain measures
and conditions of nature protection are bound.
For the purpose of ensuring Habitat map as a fundamental foundation for the development of physical planning
documents and natural resource management plans, the Ministry of Environmental Protection and Physical Planning
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ordered in 2002 the development of a GIS database on the distribution of habitat types on Croatian territory from the
SINP as part of the project entitled Habitat Mapping.
The habitat map is a GIS database on the distribution of individual habitat types in Croatia. The map is built at the scale
of 1:100 000, with a minimum mapping unit of 9 hectares. Linear habitats (minimum length of 300 m) are also mapped.
Localities with habitats represented in small areas are depicted as points. Habitats throughout the Croatian territory are
mapped, including the sea. The primary mapping method was the analysis of Landsat ETM+ satellite images, in
combination with other data sources (air photos, literature data) and field work. The mapping of marine habitats is
indicative and obtained using spatial modeling techniques (URL7).
5.4.3. Emerald Network
The Emerald Network is an ecological network comprised of Areas of Special Conservation Interest (ASCI), and all
countries that are parties to the Bern Convention are obliged to create it. The network includes areas of great ecological
importance for threatened species and habitat types that are protected under the Bern Convention. In the EU Member
States, the Emerald Network is identical to the NATURA2000 ecological network. For EU candidate countries, the
Emerald Network project represents the phase of preparation for and a direct contribution to the implementation of the
NATURA2000 programme.
The second and third phase of project Emerld network was carried out by SINP in the period 2006 to 2009. In that
period the presence of species and habitat types in Croatia pursuant to Bern Convention was established; a GIS
distribution map for selected species and habitat types was created; the Emerald/NATURA database anticipated ASCI
areas (potential NATURA2000 areas) was completed; demarcation of digital boundaries for all processed ASCI areas in
GIS was made; the Croatian proposal for the Emerald Network was finalized.
During the project there was identified a total of 404 sites which have been proposed as Emerald/NATURA areas. They
include large areas important for the conservation of the total Croatian biodiversity, including the Emerald / NATURA
species and habitat types, but also a substantial number of small sites important for specific species or habitat type. It is
assumed that these areas cover more than 90% of area of the future final draft. Emerald network can be searched on the
website (URL16) within the CRO-NEN network.
6. INSTEAD OF CONCLUSION
As a candidate country for EU membership, Croatia has assumed the obligations related to the transfer of the INSPIRE
Directive into Croatian legislation. Mostly the obligations have been delegated by the Law on State Survey and the Real
Property (OG 16/07), and in the field of the protected areas have been carried out by the Nature Protection Act and the
Act on the Protection and Preservation of Cultural Goods.
State Geodetic Administration of the Republic of Croatian by Law on State Survey and the Real Property took over the
role of the Secretariat of the Council of the NSDI, the obligation of co-ordination of all bodies for NSDI and technical
support and became the main institution for the dissemination of spatial data (Bačić et al 2010, Rašić 2011). Ministry of
Environment and Nature Protection, Ministry of Culture, Croatian Environment Agency and State Institute for Nature
Protection are the authorities which follow the law procedure of nature protection and conservation of cultural heritage
in Croatia.
By the given review of the projects, conducted by the competent authorities in the last few years in the Republic of
Croatia, we can say that in terms of environmental protection, a lot of data on protected areas that are defined by the
Nature Protection Act (protected areas, protected species and protected minerals, raw materials and fossil) has been
collected and processed. The missing data are related to marine areas and the underground structures (caves and pits) –
from the estimated more than 10 000 in Croatia, only a small part was biospeleologically investigated. Cultural goods
defined by the Act on the Protection and Preservation of Cultural Goods are not so well treated, and the movable assets
as archaeological, artistic, paleontological, and other meanings as well, stand out as spaces in which cultural properties
are preserved and exhibited. A project proposal of Natura2000 network is in the initial stage, but with the
implementation of emerald and ecologicalnetwork (CRO-NEN) the most of the data are collected for its
implementation.
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The Register of protected areas and the Register of cultural heritage are official data on protected areas and their web
databases can be successfully searched on the official website. However, GIS browsers do not give a desired result. GIS
viewer of Register of Cultural heritage has been completed for only one administrative unit from 21 of them in Croatia,
while the GIS viewer Natura2000 ecological network is unavailable due to regular updates for some time. Another
disadvantage is that GIS browsers in most cases are published only in Croatian language. The only exception are
FastiOnline and CRO-NEN, which can be searched in English. However, the translation of the CRO-NEN is not fully
implemented in all steps of the search.
Also, by examining the current state, the impression is that updating is not implemented with sufficient attention.
Although some projects have been completed recently and it is probably too early to make such conclusions, we hope
that this problem will attract more attention in the future.
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Abstract
The theme of the paper is current state of main activities connected with level crossings standardized identification and
information description needed for the purposes of various centralized administration bodies namely Integrated rescue
system, realized by many organizations.
Methodologies of the INSPIRE and Google Earth as the possible tools for above mentioned purposes are compared and
discussed and some results for the INSPIRE methodology improvement are formulated.

1.

INTRODUCTION

Level crossings (LC), as the intermodal railway – road connections, are critical points of both transportation road types.
Generally they have various simple as well as very complicated constructions and they are the objects of many types of
documentations, as construction planes of railway and roads builders, operation documentation of infrastructure
managers and transport operators and last, but not least, various map types, including cadastral documentations and
spatial planning maps. Essential interest in information of them was established in the units of Integrated Rescue
System (IRS) too.
There are several common aspects of level crossings existence linking the interests of all these subjects in international
wide scale. The accidents damages on level crossings play very important role among them. The IRS operation
processes usually start with the emergency call, pass through identification and localization of the accident points and
end with their complete solution, including all analyzed information consequences. One of these analysis results is that
information support of these processes needs a very complex access. The other one points out the great importance of
maps (or geographic information systems - GIS, in modern meaning of this conception) in these processes realization
support.
Therefore, the theme of several research projects started in some few years ago, were formed to solve some particular
aspects of these problems. Among those researches was also the project [1] (see references) granted by Czech Ministry
of Inner Affairs (MIA) and resolved by firma KPM CONSULT Inc. Brno, This contribution is one of its results.
The serious LC accidents or other events as fires, floods, health jeopardizes or crimes in their surroundings happen not
only near the main lines and roads, but also on the peripheral territories and sidings or other railways. The level
crossing identification nevertheless may be the useful information about locality of the event, received by IRS operator
from some calling person. That was one of the reasons for the project [1] assignment. This project is oriented to the
completion and formal improvement of existing work system. It is especially focused on the sidings and railways LCs
taken out of power of the Rail Authority (RA – see law [4]). There were about 900 mines, industrial and similar
railways with LCs lying in the public area in the past in the Czech Republic. But most of them are out of use nowadays.
The general information about this theme is published on the internet portal [12].
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The project [1] has very wide inter- branch range, but there is only national scope. On the contrary, LC problems, as
follows from the table 1, have the international-wide scope; similarly to the GIS development. This fact could may help
to some aspects of level crossings working problems solving. Because their full solution attached to the all LCs
complex rebuilding to the overpasses, is not feasible and other possibilities, as various preventive or repressive actions
aimed to the drivers, improving of crossings protection etc., are not still enough effective or they are the “very longdistance race” and usually they are very expensive too. Therefore it is necessary to try to search any, probably cheaper,
information technologies (IT) or methodologies, usable for the effective information support of the accident results
solution. Those technologies have been based on the universal principles, what could be accurate in the wide spectrum
of various specialized information systems (IS) of many user organizations and in public sphere too.
There are two main candidates at least for this role: EU project INSPIRE [2] and, on the first look very similar and
widespread known IT project, Google Earth. The first one presents a typical public, from above organized, and maybe
with a little bureaucratic method developed tool for the European territory projection. The second is the typical private
US commercial project, based on some results of the ArcInfo Corporation. Therefore, it is possible to compare the LC
information system (IS) practical and detailed requirements, as the example of relatively complicated user system, with
the GISes features and possibilities mentioned above and now it is necessary to ask these questions: which of these
systems is more suitable and possibly, what is necessary to do for INSPIRE, as the EU officially supported system,
improving for this application. Let‘s ignore for now any global effects connecting INSPIRE with other EU activities as
an integral whole and connections of those activities with the present topical EU economic and political events. But we
can just mention it is possible to find some allied features of the common EU activities and one EU special GIS
application project design.

2.MAIN INSPIRE FEATURES OVERVIEW
As it is broadly known, there are 34 main themes included in INSPIRE database (for more details see [3] and connected
works). It is the result of the great international and professional cooperation managed by Joint Research Centre (JRC)
in Brussels. The INSPIRE methodology is based on the World Wide Web Consortium, Open Geographical Consortium
and ISO norms and recommendations and general internet technologies as Web mapping and featuring services (WMS,
WFS) etc.

Figure. 1 INSPIRE methodology for the railway an roads description (source [3])
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The first 6 themes of INSPIRE directive [2] Annex I cover general cartographic and administration demands. The
Czech Office for Surveying, Mapping and Cadastre (COSMC) official internet portal is already fully realized on the
base of INSPIRE methodology and it is very successfully used in practice. It means that this methodology is effectively
usable at least for this type of projects.
From the project [1] standpoint it is important, that the theme 7 of Annex I covers all transport networks types
projection and data description, first of all terrestrial communication types – motorways, roads, country lines, commune
streets and many types of tertiary roads in factories, forests, agricultural farms etc., secondly railways in the very
general meaning of this notion, thirdly water lines, fourthly aerial networks and their ground basis - airports etc. and
finally cableways. The last 3 themes are withal out of the project [1] scope.
Metadata for the main road and railway applications group, what is used in present in any GIS, has already been use in
practice. Roadmap of the INSPIRE projects realization says, that the deadline for this GIS complex data conversion to
the INSPIRE methodology is December 2012, but that is the difficulty because the IRS IS needs these data and maps
immediately and in a complete way. This fact clamors for many subjects’ wide cooperation and their effective effort
coordination. Therefore the next question arises – has INSPIRE or Google Earth methodology any mechanism to realize
this requirement?
As we can see on fig.1, the main INSPIRE principles of the railway and road description and portrayal are very similar
each other and their roles in the LC IS are quasi symmetric. But there is one extremely important difference between
them. The significant market and business activities, not only with the cars, but with the road constructions, maps and
other graphical, geodetic etc. tools, data and SW production etc. stand on the side of the roads.

3.

LEVEL CROSSING IS

We can study (or describe) the LC construction and processes connected with its existence from the several standpoints,
from the IT point of view first of all:
o as mutual interaction and interface entity for both transport roads
o as the geo-point with problems connected with their:
• identification
• localization
• parameters definition used in the all application tasks, namely as critical infrastructure entity and accident point
The solution of the LC IS starts, from the information (more IT supported systems) stand points, by specifying reliable,
unique and universal level crossing identification. There are following possibilities these date the Czech Republic:
1.
identification used on the over land communications:
• this identification is restricted for the roads of 1st – 3rd classes, but in the marks form on the 1st and 2nd roads only
• unified methodology uses Czech norm is primarily designed for bridges
• identifier is unique for level crossing as construction
• the decision about LC placement are prepared by Road Administrative Authority (RAA), but LC identification is
the incumbency of their appropriate road operator
2.
identification used on railways (fig.2):
• it was established by Minister of Transport in 2009 after long LC accidents sequence, finished by the complicated
trial with one railway dispatcher
• no special railway LC identification existed till this decision and individual LC was identified using mileage value
on the appropriate line only, without any relation to its construction
• presently, this system still hasn’t had any legislative base
• it is theoretically usable for all LCs lying on all railroad categories, but the realization of this theory needs wide
legislative, economical and organizational support
• unified LC identification and data description methodology is based on the Railway Infrastructure Authority (RIA)
IS and its LC object related (digital) documentation
• this current methodology uses unique identifier only for LC as entire construction
• it is necessary take into account, that there are (maximally 4) parallel side-running railroads on one LC with
unlimited number of their tracks
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•

therefore up-to-date, without full required support, comes up in practice to any identification mistakes

Figure 2 Railway LC identifier situated on the interlocking plant box
The second precondition for the successful IS design is the right understanding and knowledge of all relevant entities
and processes modeled by this IS, what exist in the real state. There are many physical and legal subjects operating
various objects and managing appropriate processes on LCs:
1. subjects on the both types of roads:
a. railroad infrastructure managers (IM), railroad operators, railway transport operators (undertakers) and their
employees
b. over-land communications administrators, transport operation control bodies, road operators, road transport
operators etc., including private drivers
The main centralized (from more broad traffic network standpoint) bodies among IMs are Road and
Motorway Directorate (RMD) and RIA.
2. state and public administration and forces:
a. Ministry of Transport (MT), MIA and another 3 - 5 ministeries and central administration bodies
b. Rail Administration Authority, RA, Road Administration Authority (RAA), building offices, county
offices, local administration bodies etc.
c. Police of CR, Fire Brigade Rescue Corps (FBRC), Medical Emergency Service (EMS), army etc.
3. objects of important LC surroundings
a. railroads (including sidings and railways permitted out of the Railway Act power) with their railroad
constructions, protective zones, traction systems, signaling systems etc.
b. various types of over-land communications and their attributes similar to railways
c. water sheets that are important from the point of view of crisis management (floods), what requires
altitude above sea level measuring with the 0,1 m precision
4. The legislative base of all described processes (see [4 - 7] as the very briefed list) is very complicated. For
example, one from legislative tasks, what should be exact and well known, because it is very important from
the IRS operations organization point of view - the LC localization in the public area, creates intersection at
least of the 5 laws (railways, roads, crisis management, police, FBRC) and their appropriate regulations.
From the standpoint of rescue forces, there are two the most important groups of information about LC:
1. where is particular LC laying and subsequently how is possible to arrive there (the solution of this task is
primarily connected with GIS support)
2. who is responsible for railway operation stopping and propulsion current outage to prevent any jeopardy for
intervening units and what is the phone number to relevant person
The solution of these tasks requires more detailed database structure describing, concerning of all bodies and
subjects playing in LC operation any important roles and distinguishes user oriented IS and more general GIS.
For answering both these questions, is necessary to zoom the fig. 1 portrayal measure and to pay attention to the more
detailed view on the level crossing construction geometry (fig.3).
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In the first attempt, let T1 is some over-land communication, crossed over by one railway line with one track k1 and
mileage system s1. We derive the hazard (dangerous) zone with generally tetragon form, covered by two control signals
(crosses), in more complicated locations supplemented by any interlocking plants or barriers, and with one LC
reference point (blue circle on the fig. 4 for both line and road LC definitions), lying on the point of road and track
centre lines intersection.
How the situation will changes by adding either two parallel lines both with one track or second line T2 with two
tracks? These configurations are, from the pure geometrical point of view, identical and both lead to separation of the
road (red circle) and railway reference points.

Figure.3 LC construction and operation schema
On the contrary, those situations are very different from the operational and identification way point of view because:
1. two tracks on one line have only one joint IM,
2. two lines have two different IMs with their proper operation rules, timetables, call centers etc.
3. three individual lines have three different reference points (blue, green and red circles, the middle one track
line has identical reference point with the road-LC in this example) with generally three mileage systems for
one LC construction localization comparable with geodetic coordinates
Therefore it seems to be necessary to distinguish single “line-LCs” and individual lines (or even railroads)
crossings over one road, from each others.
In the more complicated situation, for example in the case of two or more lines with more tracks, we obtain level
crossings with 3 or more reference points together. We have found as maximum 4 one track siding lines crossing one
junction of two streets.
From the fig. 4 issue arise, that there are 2 forms of the LC identification:
a.
b.

as the comprehensive construction (“road-LC”), identified as Pxxxxx
as the individual rail construction with special data relating with the operational and other important
railway road bodies (“line-LC”) identified as Pxxxxx-i, where “i” represents single “line-LC” of the
appropriate “road-LC” Pxxxxx
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Now we can use to previously mentioned principles in the LC entity-relationship diagram construction as the base of IS
design (fig. 4). Presumption of the existence at least 2 concurrence lines (parallel side-runs) on one road-LC is withal
important feature of this schema. The resting imaged entities are connected together with their individual links, having
very often M:N relationship parity.
The most important relations link the individual LC, railroad and their IM or operator. It is important to refer, that the
line identifiers used in passenger timetables, doesn’t describe lines as the construction, but the transport connections or
links only. Therefore it is necessary, in accordance with INSPIRE methodology requirements, to identify individual
lines as well as other terrestrial entities, in the way corresponding to their life cycle and as the parts of the territory.

Figure 4 LC register entity-relationship diagram
LC IS oriented to the rescue system support was built in the RIA two years ago. Its presently used automated object
related documentation and its number of registered level crossings was two of the main motives of the MT decision to
build this system on the railway IS base. In spite of the fact, that decision authority maker in LC positioning
confirmation is RAA.
But number of LCs registered in RIA database was approximately 3 times higher than the number of level crossings
registered in equivalent centralized road IS, because the municipal streets, country lines and tertiary industrial and field
roads are not in this IS registered at all or without necessary details.
Of course, RIA LC IS, used namely for the RIA internal purposes, doesn’t involve all sidings and other railways LC
description too. Therefore the goal of the project [1] is to complete LC register and to project its more exact automated
support.
The main practical result of the LC unified identification and IRS IS improving is the data interface (tab. 1) connecting
RIA IS as its central LC IS administrator with IRS IS. This interface is presented in Excel form. It is appointed to IRS
operation centers and manually used (reading only) by their operators, not primarily for the automated GIS systems. It
is updated monthly and more often if necessary. Except the main evidence data about LC from the both points of view,
it contains the telephone numbers of all appropriate railway operators (dispatchers etc.) and other bodies as very
important part.
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For the completeness only we can briefly present some quantitative parameters of this file (version from the autumn
2011):





9645 records about individual „line-LCs“,
from that 8241 „ line-LC“ on the national and regional lines managed by RIA
191 LC constructions on several private regional lines, not managed by RIA
1000 individual „line-LC“ on the sidings, described using data, provided by sidings operators for the interface
completing purposes to RIA, after special call made by RA
 in mutual relations:
– together 189 records about 2 line side-runs on LC, from that 74 mutual RIA line side-runs
– 5 side-runs of 3 lines, 1 side-run of 4 lines (sidings)
 distribution of the line-LC number on various communications categories is stated in tab. 2

Table 1 RIA - IRS interface (uncut sheet, source RIA IS)
communication/
railroad
RIA managed lines
private regional
lines
sidings

1st
class
2,14%
3,66%

2nd
3rd class tertiary
local
factory unknown
class
roads
comm. comm.
9,31%
18,12% 48,20% 24,38%
2,62%
10,99% 70,16% 12,57%

3,10%

7,80%

13,90%

29,40%

32,80%

2,30%

LC
total
8241
191

10,70%

1000

Table 2 Selected quantitative characteristics of the RIA – IRS interface
Current estimation of the entire list of LC situated on the public area count contains about 14 -16000 items.

3. SOLUTION DATA AND MAP SOURCES
The railway and road networks are natural part of the state territory and “artificial or technical nature” created by
mankind. Consequently the natural base for the LC distribution projection is the GIS equipped by several types of the
topographical and other graphical documentation and appropriate qualitative and quantitative database description. The
main question is: who indispensably needs this territory projection? Are also all railways and roads owners including in
this listing? And are they in agree with their data presentation in the public accessible GIS allocated on internet?
There are about 1500 private railroads in Czech Republic operated by approximately 320 entrepreneurs. Approximately
65% of sidings are operated in outsourced way according to some agreement between the railway possessor and

89

appropriate operator. Approximately 90% of sidings have construction length shorter than 5 km and only 5 % of them
are longer than 10 km. The length of the longest independently registered siding network is 312 km.
It follows from this that above mentioned subjects group is probably not the main user of the map projection of their
LCs. More simple graphical forms as schemas or construction projects are mostly sufficient enough for their purposes.
On the contrary, subjects as the state cartographers, administration bodies working at spatial planning, IRS units, army
etc. sometimes need, but don´t have, detailed railway and roads (including LC) attributes, suitable for their exact user
oriented tasks solving and overcoming usual simple terrain portrayal. We can see the crucial contradiction between
public and private interests and appropriate exact data ownership. This contradiction solving needs the legislative
support.
The main published map sources arise from COSMC works (namely the basic geodata base ZABAGED®), the detailed
transport networks GIS are operated in RIA and in the RMD special workplace - National Transport Information
Centre. But the majority of citizens and even public administration bodies use internet map portals equipped with many
popular tools for their purposes, for instance the transport connection finding, various photos or special views
presentations, tourists information etc., run by various private bodies and served as the on the main principles of the
internet business. The most advanced and internationally used tools among them are carried out by Google. But no
internet map portal presents detailed organizational and constructional, much less private, data concerning described
objects, needed often for the official bodies.
Thus INSPIRE, as official methodology, could get together all special description purposes of the official bodies as the
common professional GIS, supported with appropriate legislation, but also equipped with access control for the more
qualified layers and data. The common character of the legislative and data is important not only from the graphical
point of view, but fundamentally more significant for the common identification systems, data structures, lists of keys
an IS operational model point of view.
Seeing that the main source of LC interface table is RIA IS, we are obliged to pay attention especially to the railways as the part of territory - description. It consists of 2 main parts, corresponding with INSPIRE methodology:
1. important traffic points list (SR70 regulation as the extension of UIC leaflet 920 contained lists of railway
stations, halts and other locations – fig. 5a)
2. lines as the parts of territory (not time table pages list) description (M12 regulation used mainly for the inner
RIA purposes – fig. 5b)

Figure 5 Two basic railway projections
used in RIA IS
a) schematic projection with mileage
system and transport important
points (SR70)
b) map M12 regulation entities projection
(source project [10] documentation)
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The data collected in accordance with both of these regulations were transformed to ZABAGED® too and contain some
pieces of information about sidings and other lines forming RIA network essential surroundings.

Figure 6 Data and map information about RIA LCs (green and blue lines on the orthophotomap base are fundamental
M12 entities – definition sections – source ČD-Telematika Inc.)
The design of universal standardize all-round Czech railways network description, usable for the INSPIRE purposes
too, was the target of the project of MT [10] finished in 2009 and solved in cooperation with COSMC specialists. It is a
pity that due to other more serious political and economical themes, there was no time up to day to convert its results to
the nation-wide legislative form.

Figure 7 Screen of the FBRS GIS with some LCs and lines presentation (source http://gis.izscr.cz)
Special data about LC are contained in RIA IS object related LC documentation, integrated with the substructure and
superstructure, signaling and electrification databases to the one GIS. Information about LCs includes basic
construction information (including track reference points mileage), safety and power supply devices and other
operational and traffic details. The view on the screen of one type of LC data presentation over orthophotomap base is
pictured on the fig.6.
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All IRS components (PCR, FBRS, EMS) have their proper specialized IS based on the map form too, but especially
oriented to the operation aspects of the specialized emergency calls processing (112, 150, 155, 158 lines).

Figure 8 Thin Client screen with the ZABAGED® railway description and COSMS orthophotomaps base
the red crosses represent single LCs (source http://prevlec.geo-portal.cz)
The best of those systems are implemented in FBRS operation centers; the best FBRS installation is implemented in the
Integrated Emergency Centre in Ostrava. Present form of FBRC GIS contains among others the roads and lines
description with their mileage systems, imported LC identifications and locations and interface table too (see fig 7). The
FBRS (or more generally IRS) GIS is type of the end user IS. It is, in this role, the aim of many interfaces (gas and
water pipes, electricity lines etc.) purveyed by many state or municipal infrastructure operators and that is the reason for
its administrators to have no time and possibilities to prove all input files. That is why one part of the project [1]
solution was oriented to the data about railroads out of the RIA force (even Railway Act force) examination and
publication as the feedback for their source operator’s use.

Figure 9 The improved LC evidence results presented using Google Earth
The software product Thin Client (see fig. 8) designed by Intergraph CS Ltd. specialists, is tested for these purposes. It
is internet tool, using WMF and WFS functions and maps provided by COSMC, created with use of methodology very
near to the INSPIRE base. Geodata (in the white frame on the fig. 8) use unified LC identifiers, M12 definition
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sections, SR70 location identifiers and other details. Project [1] solution suppose the own addition (newly measured and
registered data) to this projection.
The fig.9 shows the other possibility of the LC improved database issue map presentation using Google Earth (or other
map portal presented on the internet pages). The entire comparison of the both methods was not finished, but it seems
preliminarily, that the first attempt can provide more exact and detailed data usable by professional and official bodies
and the second attempt is useful for the wide range of public information.

4. CONCLUSIONS
Let come back to the preliminary more general IT problem, presented on the one example of relatively complicated IS
about LCs lying on the railways out of the RIA management. And hence the crucial question is: is it possible,
necessary, or to take as a matter using INSPIRE methods and technologies for that special purposes as the integrated
and standardized background? Or - what kind of conditions exists for its using in this role? And are there other or even
better, GIS for that purposes? For example Google Earth?
No doubts, that present state of the INSPIRE methodology is the result of the indispensable first step on a long way to
the effective EU territory automated projection, applicable by wide range of end user applications. INSPIRE plays
many positive roles as the bearer of important IT standards (portrayal, transformation and other services used WMS and
WFS technologies etc.) in this respect, and legislative norm with the international significance. Therefore we can
consider the using of these standards as the official base for the wide group of GIS end user applications. INSPIRE
methodology contains many tools (as monitoring etc.) for the work of very diverse teams and for coordination of great
number of organizations too.
On the other hand, the LC IS is “the little icing on the cake” only. It is one fluent part of greater IS sequence. Its
professional roots and links to the construction and operational base are very wide and deep. Thus contemporary
INSPIRE state methodology contains serious limitations of data structures, lists of keys etc., from the standpoint of that
special purposes, as they are presented in LC IS and with it connected RIA, FBRC and the others IS. The roots of these
limitations lay mainly in INSPIRE´s submission to many contradictory national conditions and requirements and
conditions compiled from the use cases selected by JRC´s Transport Network Group from applications and reference
materials submitted by the Spatial Data Interest Communities and Legally Mandated Organization of INSPIRE. Its
limitations also grow from the INSPIRE´s initial environmental base.
But the main INSPIRE limitations from the railway point of view was caused by very significant role of selected use
cases, oriented primarily on the road transport and operations. The road methodology description used as the common
method for all transport networks is objectively unacceptable and it results to the significant deformations of description
methodology and selection of attributes and lists of keys, connected at least with the loading gauge and safe passage
capability conditions. This approach makes double-sided fluent data transfers impossible and dissuades railway
specialists from INSPIRE methodology using and fortifies their endeavor to built own systems, without any
interoperability and integration conditions with their substantial surroundings. For this moment we can speculate only
about the influence of relative incommunicativeness of any railway official bodies on the European or national levels in
the INSPIRE expert community.
The major INSPIRE limitation from the special LC side point is absence of any descriptive parameters because in
INSPIRE database the LC has only a point presentation. Therefore it is impossible to consider about tab. 2 issue design
on the INSPIRE base.
The last questions are: is it possible to overcome those INSPIRE limitations? The results of the project [1] show that it
is possible. Moreover, it is absolutely necessary to do it. Well, how to do it? It seems to could be done like this:





find or newly resolve various national GIS projects, using IT and other usable and useful INSPIRE standards
improve national legislation for these extended IT project versions support
prepare international INSPIRE based extensions for that national projects
spread proper national experience using professional sessions and JRC working groups or other forms of
communication and coordinate next progress on the international level

And what about the other popular GIS on various internet pages? Present experience of the project [1] shows that these
tools are very useful in initiative phase of the data improving (new measuring preparation etc.). It seems that those tools
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could be useful for the first, simple public presentation of the basic information about LC localization and identification
too. That is all, no more and no less. They have no organization and legislation support and they are based on the
individual (even personal) interests and activities. But maybe, it should be possible to spread internet open GIS
applications experience with the IT operation financing by using internet business methods.
In any condition, even this simple information or more complicated INSPIRE projection and database can help the life
and/or property lost on the LC accidents saving. And it is really not small result of the LC IS solving.
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Abstract
Taking precautions before a disaster to reduce the causalities and losses engendered by natural disasters is relatively
cheaper, and more importantly, better than cure. The authors propose a conceptual framework with the consideration
of all stakeholders related to the disaster management to have a better risk management, and to guide the design,
implementation and integration of the 3D urban modeling tools into disaster risk visualization. In this study, a new
indoor LoD hierarchy is proposed for building objects. The LoD definitions of CityGML are only for the external parts
of the city structures and the indoor is modeled in one LoD only. Similar to the outdoor definitions of CityGML, the
proposed indoor LoD definitions aim to achieve robust definitions. This framework allows visualization in all the
possible 3D urban disaster situations.

INTRODUCTION
This paper presents a LoD definition hierarchy of the previously proposed 3D urban disaster risk visualization
framework, which establishes a link between the disaster type (e.g. flood, earthquake etc.) and the components of 3D
urban visualisation (Kemec et al., 2010). 3D semantic urban modeling is an important factor to be considered during the
development of the framework. Although various aspects of 3D modeling can be accounted for in the proposed
framework, the types of objects to be modelled, their representation and the resolution, or Levels of Detail (LoD), play
the most critical roles in 3D urban modeling for natural disaster situations. In practice, the concept of LoD can be
directly related to the resolution, hence the identification of objects in 3D modeling.
LoD originate from computer graphics and can be seen as different represnetation of one real-world object. LoD target
the reduction of software and hardware difficulties to display a large collection of urban data (Foley et al., 1995). To
meet the needs of real-time display, it is the best choice to generate as many LoD definitions as possible in advance and
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to store them in the database or to create the generalisation on demand (Meijers 2011). Nevertheless, due to the data
redundancy and the storage limitations, generally only discrete LoD hierarchies are defined (Lin and Zhu, 2005).
Improvements in users’ spatial perception can be achieved by LoD models (Chang et al., 2007; Vanegas and Aliaga,
2009).
The Framework:
The framework, mentioned in the paper is the revised and improved version of the (Kemec et al. 2010) and enclose the
proposed LoD hierarchy. The framework provides the benefit of enhancing the effectiveness of natural hazard
visualization results and this improves the cognition of stakeholders about the visualized phenomena, which results in
increased risk communication. The framework handles these parameters in a three-dimensional reference (figure 1)
with three basic phases.

Figure 1. The reference frame of the proposed framework depicted with three axes of: Hazard Type, Level of Detail
(LoD) and Level of Data Processing (LoP)

Three axes of the proposed reference frame is related to the dimensions of time, space and attributes from the threedimensional knowledge. In this respect, the Hazard Type (HT) axis represents the attribute dimension with its
contextual effect to the framework, the Level of Detail (LoD) axis represents the space knowledge dimension because it
defines the spatial representation of the modeling objects, and the last axis, Level of Data Processing (LoP), is
analogous to time dimension. Actually, in the LoP axis the process load of the modeling methods is evaluated in terms
of time and source costs. Then, the relation between the LoP axis and time still is not trivial. Moreover, the effect of the
temporal resolutions of the used data sources is also managed in this axis.
3D urban model objects are pointed out in this three-dimensional reference frame consisting of three axes: LoD, LoP
and HT. In an urban environment, with respect to a hazard type, a specific level of detail is required, which determines
the level of processing for urban, urban zone or each building object by itself, depending on the scale of the assessment.
This relation may be represented as a point, line, area or volume in the three-dimensional reference frame.
The LoD axis defines “in what form” the previously defined visualization objects will be visualized. The resolution
obtained from a decision rule is used for finding the appropriate object representations. In this way, the HT and LoD
axis are linked together. In this axis, the LoD definitions are adopted from the CityGML. In the axis, general LoD
definitions are placed close to the origin and the detailed ones are placed outwards on the axis.
The proposed framework follows three basic phases to point each model object in the mentioned 3D reference frame.
These phases are;
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1)
2)
3)

Definition of Visualization Components
Object Representations
Needs Assessment

The framework starts with the first phase, Definition of Visualization Components. These components are user and the
related 3D modeling objects; Different users might be interested in different sets of risk elements, which depend on the
components of the urban environment. For example, an insurance company may have interests concerning the
buildings, while utility companies might be mostly concerned with the effect on utility networks. That is to say, the
objects to be considered (and included) in a particular 3D model have to be selected with respect to the user. The second
phase of the framework application is Object Representations. In this phase the appropriate object representations are
analyzed and the levels of Indoor/Outdoor Resolution are defined by a decision rule. Indoor/Outdoor Resolution defines
the abstraction levels of each modeling object where low spatial resolution would mean a low LoD, while high spatial
resolution would mean a high LoD. Data Representation involves the data and procedures needed for a specific model.
Here, the alternatives to 3D data representations such as boundary (surface) or volume approaches (e.g. voxel) should
be evaluated. In this step, natural hazard-related definitions are also completed. Hazard Characteristic Medium is the
hazard-related feature in visualization, which might be the vulnerability value of any building in an earthquake case or
that of an object on sea surface in a tsunami case. When visualization objects and their LoD characteristics are defined,
they are fed into the third and the final phase, which is called Needs Assessment. In this phase, data inventory and data /
processes needs are clarified and the efforts and data needed to establish the model objects are put forward. In other
words, in the first phase of the framework the points are defined; then in the second phase, these points are placed in the
reference frame. Until the third phase, the framework defines the needed objects and their appropriate representations.
In the third phase, the situation of the current data of practitioner is searched for with needed processes to achieve the
desired representation results.

CityGML
CityGML is one of the few 3D urban modeling concepts, which consider two aspects of 3D urban modeling in a generic
sense (i.e. it is not application-oriented). These are syntactic and semantic aspects. CityGML is a 3D urban spatial data
infrastructure. It is implemented as an application schema of the Geography Markup Language 3 (GML3) of the Open
Geospatial Consortium (OGC). GML3 is based on OGC’s ISO standards, which means that it is open and vendorindependent. Syntactic and semantic interoperability is necessary for each GIS component. By using an XML-based
language, syntactic interoperability is achieved. Semantics is related with the geometrical and topological aspects of 3D
city models and these are covered by class definitions of CityGML. All basic urban model components, that is,
buildings, vegetation objects, water bodies, transportation facilities (like streets and railways) and city furniture, include
this class taxonomy. The urban objects in CityGML are subdivided into certain thematic classes. One of the important
classes is the building class, which provides the representation of thematic and spatial aspects of buildings. Another one
is relief, which is simply the terrain. The others are transportation, which represents the objects of all modes of
transportation, for example a road, a track, a railway, or a square, and land-use, which describes those areas of the
Earth’s surface dedicated to a specific land use. Several other objects such as city furniture, vegetation and water can
also be useful for risk management. The city furniture objects are stable objects like lanterns, traffic lights, traffic signs,
advertising columns, benches, delimitation stakes, or bus stops. The vegetation is used to represent solitary tree objects,
plant cover as surface or plant canopy. The water object represents the thematic aspects and three-dimensional
geometry of seas, rivers, canals, lakes, and basins. These object classes compose the object pool in the framework. A set
of objects important for any particular disaster can be obtained from this pool. The only limitation is the lack of
complete set of underground objects. Tunnels are now availble with the new realease of CityGML 2.0, as well as a
mechanism to specify undeground parts of buildings and other features. Some research and developments has proposed
solutions for geotechnical objects (Emgard and Zlatanova, 2008; Tegtmeier et al., 2008), which can later be included in
the framework. These object classes compose the object pool in the framework. A set of objects important for any
particular disaster can be obtained from this pool.
CityGML provides the concept of a LoD for 3D urban visualizations, which is best developed for buildings. However,
the approach of CityGML is appropriate for the introduction of LoD levels for various other objects. In CityGML,
LoDs range from LoD0 to LoD4. LoD0 is the 2.5D level, over which an aerial image or a map may be draped (Kolbe et
al., 2005), for a simple box model defines buildings in LoD1, while buildings in LoD4 are defined even with interior
details of them. Naturally the resolution increases from LoD0 to LoD4 (Gröger et al., 2006). The concept of LoD is
quite generic and suitable for small to large area applications. The concepts of LoD of CityGML are adopted as a
starting point in the study.
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Proposed Building Indoor LoD Hierarchy
Currently, building LoD definitions of CityGML is robust and steady especially for the external parts of the city
structures (figure 2). The same situation does not apply to the indoor representation definitions. In the LoD 4 of
CityGML, indoor detail is defined as;
“LoD4 completes a LoD3 model by adding interior structures for 3d objects. For example, buildings are
composed of rooms, interior doors, stairs, and furniture.”
This definition characterizes a building model that has all the architectural details in the most detailed
representation level.

Figure 2. The current LoD hierarchy of CityGML

The main concern of the framework and the applications is finding the proper representation especially for building
objects of the urban models for different disaster situations. In this context, more detailed approaches are needed to
improve the efficiency and the communication capability of the generated 3D urban model in all phases of the disaster
management. Pre-hazard phases, which are preparedness and mitigation, need to put forward the situation in more detail
in the related scale. For example, the social conditions and accordingly, the resilience of all the residents in a high-rise
apartment blocks are not the same, particularly in Turkey. Therefore instead of whole building representations, more
detailed representations such as floor level or living unit level are more beneficial for the development of more coherent
strategies in the preparedness phase. Some natural disaster management applications need indoor LoD definitions that
are more general than CityGML LoD 4 in different phases of disaster management circle.
Apart from disaster management, 3D urban models constitute spatial visualization or analysis environment for many
other application areas like cadastre, planning, traffic, tourism etc. The large extent of the application area and the
developing technology urge that more research is carried out about standardization for the interoperability issues. These
are certain application areas that come to mind in the first place. Further application areas may also take advantage of
an indoor LoD hierarch. As it was mentioned in the previous parts, spatial data infrastructures provide the rules of the
required interoperability environment. Moreover, the CityGML of the OGC is a standard that focus on the 3D urban
models. The proposed indoor LoD hierarchy is considered together with CityGML to improve the existent standards.
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In the 3D urban modeling literature, the subject of the indoor LoD is usually handled under the general 3D urban
information meta-model approaches. According to Billen et al. (2008), a unique building object can contain sub-units,
which have different attributes in the thematic, administrative and cadastral senses. Consequently, there should be
indoor LoD definitions as for the outer parts. Their indoor LoD definitions have three different generalization levels. In
LoD1, generalized polyhedrons take place if these generalized polyhedrons have some openings at LoD 2, which link
up the internal sub-spaces, and at the most detailed indoor LoD definition, LoD3 has an identical opening but there is
no generalization at this time. At the end, these three indoor LoD definitions are connected to the LoD4 of CityGML.
Hagendorn et al 2009 propose an extenxion of CityGML with four indoor LoD focusing on route navigation. Their
model consists of thematic, geomatric and routing model. The indoor LoD are definied in a similar matter as outdoor
and are used for navigation. Elaborated discussion is provided on the use of the three parts for navigation and
visualisation. The LoD presneted here have some of the concepts presented there.
Zhu and Hu (2009) drew a house property-oriented framework. They mentioned a weak side of CityGL in their study.
According Zhu and Hu (2009), CityGML is a good abstract framework for 3D building geometry. On the other hand,
CityGML’s semantic definitions are limited to just structural components (room, window, door etc.), but not real
property objects like storeys or living units. This semantic classification approach is the same approach as the one
adopted in this paper, which forms the basis of the indoor LoD proposal. The hierarchical geometric LoD framework
outlines indoor and outer detail definitions in a three-level framework with five different LoD definitions. This threelevel geometric framework, which starts with 2,5D horizontal level for horizontal partitioning on land block scale in the
LoD2 of their framework vertical partitioning, constitutes the main concern and this level is named as the vertical level.
Finally, at the third level, which has the most detailed model object definitions, indoor LoD definitions are located. The
name of this level is 3D interior level, which has three different indoor LoD definitions. LoD3, the first level of 3D
interior levels, has storeys e.g. within a residential building. LoD4 is described with minimal spatial portions of real
property unit (living unit). Finally, the definition of LoD5 of this framework corresponds to the LoD4 of CityGML,
involving indoor details with entire details like roof, walls, doors and windows.
Yuan and Zizhang (2008) propose a framework by combining Building Information Modeling (BIM) and 3D GIS
capabilities for indoor navigation. BIM is an information-rich model for building generation and management. It covers
3D geometry and semantic definitions like CityGML. 3D urban models are used to generate graphs that are used for
indoor navigation.
Karas et al. (2006) also use 3D building models as the main input for 3D graph generation. 3D indoor navigation or
network analysis applications could be a key element for the response phase of the disaster management circle. The
outputs of such an analysis can reduce the time spent by search and rescue teams; besides, escape routes, which might
be communicated to the community in the preparedness phase, can be a lifesaver for large numbers of people. The
proposed indoor LoD hierarch can be adapted to these types of 3D graph generation algorithms. Rougher detail levels
could be beneficial for upper-scale disaster management applications.
Billen (2000), Billen et al. (2008), and Zhu and Hu (2009) stated different definitions of urban abstract space apart from
urban physical object definitions. In an urban-related visualization, the discrimination of the thematic subdivision on a
separate building object could be more important than the physical components. The depiction of urban object
composition given in Billen (2000) is a good example. According to this study, urban space is subdivided into two,
urban abstract space and urban physical space. Current spatial data infrastructures mainly focus on urban physical space
definitions, but under the concept of urban abstract space, thematic, cadastral and administrative subdivision definitions
could be done.
In an urban space, these types of abstract definitions can be increased, but generally, thematic subdivisions originate
from the cadastral subdivisions, which mean that different areas with varing theme are owned by different holders and
an inherently administrative status automatically emerges. For this reason, the thematic subdivision of urban abstract
space are considered for the basics of the proposed indoor LoD hierarchy. The proposed indoor LoD definitions are
fully integrated with the LoD definitions of CityGML. Its notations are parallel with five level definitions of LoD. In
LoD0, there is no 3D, thus the indoor definitions start with LoD1 with indoor which is denoted as LoD1,5 to LoD3,5.
There is no LoD4,5 because LoD4 already covers the indoor details (figure 3).
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Figure 0. The proposed LoD hierarchy with indoor representations
In the proposed LoD hierarchy, each of the LoD1, LoD2 and LoD3 outer detail definitions is associated with the related
indoor definition and notated with a half after the integer part, for instance, for LoD 1 with indoor. Semantic definitions
are performed with real building objects, which are;


LoD1 with indoor notated as LoD1,5, the corresponding building object is storey (figure 4)
LoD1

LoD1,5

Figure 4. A sample representation of LoD1 building outdoor and the corresponding indoor
representation



LoD2 with indoor notated as LoD2,5, the corresponding building object is compartment (figure 5)
LoD2

LoD2,5
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Figure 5. A sample representation of LoD2 building outdoor and the corresponding indoor
representation



LoD3 with indoor notated as LoD3,5, the corresponding building object is apartment (figure 6)
LoD3

LoD3,5

Figure 6. A sample representation of LoD3 building outdoor and corresponding indoor
representation


The demonstration of LoD4 on the same sample building representation could be similar to figure 7.

LoD4 Outer

LoD4 Indoor

Figure 7. The same building with LoD4

As dicussed in Kemec et al., 2010, five hazard assessment parameters (with indoor penetration) are used to achieve
outputs (indoor/outdoor resolution, hazard characteristic medium, data representation), the first being the so-called
hazard prevalence index of different hazard types. Decision rule is summarized as follows:
Ip = [(((so + d + f) / 3) + sd ) / 2) x (v + uae + p) / 3)]
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Where, Ip is hazard prevalence intensity index which is the product of hazard prevalence parameters that so is speed of
onset, d is duration, f is frequency, sd spatial dispersion and urban evaluation parameters that v is land vulnerability, uae
is urban areal extent and p is population density parameters.
D = Ipnorm+ i/2
Where, D is detail decision, and Ipnorm, normalized hazard prevalence intensity index and i is indoor penetration.
Indoor LoD is controlled by the parameter “i” in the object representation definition decision rule of the framework. If
there is an indoor penetration, decision rule is taken into account by adding a half to the integer LoD result. The “i”
parameter may also be used if there is an indoor detail request by the user.

CONCLUSION AND FURTHER WORKS
This paper presented our first ideas on indoor LoD, which can be used to estimate the needed 3D urban visualization
model for risk management and with respect to specific disaster type. The proposed indoor LoDs are complementary to
the outdoor LODs of CityGML. The purpose is to establish a mechanism to work with the interiors of buildings even at
a low outdoor LoD, and to be able to reflect the possibility of moving mass (flood, mud, land slide, etc.) to get into
interior of a building.
The first feedbacks from the interviewed risk managers show that the proposed LoD hierarchy is quite promising.
Further developments in CityGML, 3D data sources, data processing and 3D visualization can easily be adapted to the
framework, enclosing the proposed LoD hierarchy. The next steps with Developments in CityGML, 3D data sources,
data processing and 3D visualization can easily be adapted to the framework, enclosing the proposed LoD hierarchy.
Concentrate on tests with different real city textures, containing buildings with different architectural structure, and with
different applications endowed with different modeling contexts are needed.
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Abstract
This paper presents an experimental survey related to the use of cartographic products in the field of Early Warning
and Disaster Management (EW&DM). It focuses on the needs of a specific group of users – the children. One of the
main goals of the survey is issue recommendations of how they can become better educated and know how to react in
dangerous situations caused by natural disasters with the help of simple maps. When the students are well prepared,
the risk of their lives decreases and harmful consequences can be reduced.
Based on previous research of students’ cartographic knowledge in Early Warning and Crisis Management a new
questionnaire was developed and applied in four European countries. This paper shows the summarised results and
analysis of the study. Simple maps of natural hazards and seismic risk based on the investigation’s conclusions are
made. General recommendations for future work are given at the close of the paper.
1. INTRODUCTION
Nowadays we talk more often about establishment of Programs for Early Warning and Disaster Management where
some of the main activities and goals are risk reduction and mitigation. Such Programs rely on broad public
announcement and recommend that study of natural disasters and use of cartographic products become easily accessible
and included in future projects for prevention and protection from disasters. Enough attention is also paid to the needs
of specific groups of vulnerable users, some of which are the children.
According to the World Health Organization, between 30% and 50% of victims of extreme natural events are children
(World Heath Organization, 2011). Including more young people as participants in the processes of developing
EW&DM systems ensures that they will acquire and pass to others their knowledge and skills to respond to dangerous
situations (Senate of the Philippines, 2011). Examples for well-prepared students in disaster situations are 10-year-old
Tilly Smith, who in 2004 warned her family and nearly 100 other tourists for upcoming tsunami in Thailand, Indonesia,
and 12-year-old Martina Maturana, who saved her parents and neighbours during the earthquake in Chile in February
2010.
Although, it is not possible to prevent natural disasters, disaster risk reduction (DRR) and civil protection are included
into the learning system in schools during the geographic classes. That gives the opportunity for the children to get to
know more of the hazards in their region and to acquire basic knowledge of EW.
In the educational process of DRR the inclusion of cartographic products is recommended. A map is the most direct and
visual way of presenting spatial information. The task of cartographers is to create simple maps for quick and easy
understanding of the cartographic content. The process does not end only with producing the maps. Later children are
taught how to use these cartographic products for easy orientation into the surroundings, relying on the fast-reading of
the symbol system. A feedback is required so that the cartographic products are properly designed for the needs of their
users.
Investigations of students’ educational level and knowledge for EW&DM have already started in many countries.
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2. BACKGROUND
There are several studies in the area of students’ understanding of mapping and only few of them are related to the topic
of this paper.
This is not the first time when a questionnaire is used to examine children’s knowledge. For example, Kirsten at al.
(2004) investigates students’ natural hazard risk perceptions, levels of preparedness and inclusion in educational
programs using a questionnaire. Other surveys are directed at children’s understanding of maps and objects
presentations (Bandrova, Milanova, 2011). Some of these studies are multinational. The main goals which they all set
are to link cartography and children and to produce appropriate and adaptive maps, which help the youths to orientate
themselves in dangerous situations.
Research made in 2010, involving four European countries – Bulgaria, Austria, Czech Republic and Slovakia, is used as
background information for this survey (Bandrova at al., 2010). The study investigates student’s cartographic
knowledge of early warning and crisis situations. The conclusions indicate that all participants have a basic awareness
about EW&DM without special preparedness in school. This gave a reason to conduct similar research and increase the
number of students involved in it in order to continue the examination of their preparedness related to the topic.
The pilot survey started in July 2010 in Bulgaria as a part of a thesis work. The report of it was presented at the 25th
International Cartographic Conference in Paris, 2011. After that, the research was expanded and participants from 3
other European countries – Portugal, Czech Republic and Slovakia, were included. Detailed description of this study
with analyses of its results is given into the following section.
3. QUESTIONNAIRE SURVEY
3.1. Participants
This research involved 4 European countries – Bulgaria, Portugal, Czech Republic and Slovakia. In all participating
countries the study of natural hazards and disasters is held in primary schools.
All participants are students between ages 8 to 18. It was hard to divide them into groups because not only that their
number is not equal, but also because the conditions for filling up the questionnaire were not the same for everybody.
Nevertheless, a division by age has been made and it is shown in table 1.

Table 1. Participants in the research
Country
Group name
from

Czech Republic
A1-Cz

A2-Cz

elementary
school

Slovakia
A1-Sk

Bulgaria

A2-Sk

elementary
school

Portugal

A-Bg

C-Bg

summer
school

social
home

A-Pt

B-pt

C-pt

private school

Age (years
old)

8-10

11-13

8-10

11-13

7-12

15-16

10-12

13-14

15-18

Number of
participants

45

43

50

50

10

4

23

30

29

The distribution of Czech and Slovak groups is made to reflect the changes in the way of thinking, which take place at
the age of 11. A change in the way of perception occurs at this age. Children under the age of 11 years are able to think
logically and operate with abstract concepts, but only with those that their senses directly perceive. Children older than
12 years no longer rely on their senses to such degree and cannot cope with situations which they have not yet met
(Rusnakova, 2011).
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The Bulgarian groups are divided by social status to measure how social differences influence the awareness and the
preparedness between children.
The Portuguese survey stresses on how the levels of knowledge change through years.
3.2. The questionnaire
The questionnaire includes 14 questions which can be divided into several groups.
The first four questions relate to general cartography and topographic maps. The purpose of this group of questions is to
measure the level of understanding and use of cartographic products among the children. The answers to these
questions help to decide which layers of submitted information may be used as a basis for making maps for EW&DM
for children.
The fifth question relates to students’ understanding of the difference between the terms: risk, danger, disaster and
crisis. It is important to know if students recognise the difference.
The sixth, seventh and eighth questions are connected to the specific design of a symbol system for EW&DM. In a
previous study conducted in several European countries (Bandrova T., Konecny M., Rusnakova M., 2010), children
drew signs on their own. In this survey they are given already designed symbols of natural hazards. The aim of these
questions is to see whether participants recognise the symbols and how they understand them.
The ninth and tenth questions are related to the representation of these different symbols on a map and measuring what
information they bring to the map-readers.
The last 4 questions provoke students’ thinking. The purpose is to understand what they know about natural disasters in
their region and what they need in situations of danger and risk of extreme natural events.
The questions, analysis of responses and conclusions from results are described as follows:
1. What do you know about maps? What do the maps represent?
The answers of this question from all participants from all groups are positive. All students have no doubts that the
maps represent a part of the world like locations, specific areas and cities or the whole world, and they are means of
better orientation and navigation. Several students from Czech and Slovak groups wrote that seas are presented with
blue colour and forests – with green. One 12-year-old student from Portugal described the different kinds of maps like
globes, topographic maps and plans. And 12-year-old Bulgarian girl put a clear definition of a map in her answer.
This question orientates the participants in the topic which they have to deal with. The answers show that all students
have some knowledge of how to read maps.
2. This is a part of a topographic map. Please, write down what you see on it.
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The image is a part of Bulgarian topographic map. This question is very difficult especially for the students from the
Czech and Slovak groups. Most of them left it unanswered. The students, who responded, including students from the
other groups – Bulgarian and Portuguese, recognized the different objects like roads, buildings, rivers and cities placed
on the map. Interestingly, the Portuguese students had no problems reading it, although the names were written in a
foreign language. Unfortunately, not all students from Bulgaria recognized the relief represented by contour lines.
This question determines whether a topographic map can be used for the purposes of EW&DM mapping. The
conclusion is that with the exception of contour lines, a display of other objects can be used.
3. What is a topographic map? What does it contain?
All students from Portugal understand well, even though erroneously, that the main difference between the topographic
and other types of maps is in the contour lines. Unfortunately, most Bulgarian participants do not make such a
difference. The responses of the students from the social home and of those from Czech Republic and Slovakia are
completely omitted.
Younger students do not understand the concept of topographic map.
4. Do you think that you have enough knowledge to work with maps? If the answer is <YES>, where do you learn it
from? If the answer is <NO>, what are the reasons?
Most of the answers of this question are positive. All students said that they acquired their knowledge in their
geography lessons in school or from their parents. However, the percentage of negative responses of Portuguese
children is higher, although they have given the highest number of correct answers to previous questions.
The main conclusion which can be made from the answers to the first four questions is that topographic maps can be
used as general geographic base for developing thematic maps for EW&DM. Layers as hydrography, roads, buildings,
etc. on the maps, will be easily recognized by the users. Recommendations can be made mainly to the methods of
representation of a terrain. The recommendation is that for the studied age group of students it is better to display the
relief as a hillshade. It is also good to include activities with cartographic products into the curricula so that students
could gain more confidence in dealing with maps.
5. How do you understand the terms: risk, hazard, disaster, crisis? Please, write a few words for each one of them.
The replies show that students make the difference between these terms, but can not completely define them. Most of
them gave examples, rather than write definitions (table 2).
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Table 2. Definitions of the terms: risk, hazard, disaster, crisis
Hazard
Disaster
Crisis

Definition

Risk

Czech
students

“go to the edge of
cliffs, where there is
no fence”;

“fallen wire to the
ground under an
electric shock”;

“flooded village”;

“to undergo a
dangerous situation”

“flood”

“fires”

“exposing life”;

“tsunami”;

“tsunami in Japan”;

“loss of work”;

“explosion of oil”

“earthquake”;

Slovak
students

“lack of money”

“people dying”;

“lack of money and
food”

“the end of the world”

Bulgarian
students

“it is possible
something bad will
happen”

“something bad is
coming”

“nature danger already
happened”

“dangerous situation”

Portuguese
students

“possibility of
danger”;

“level of very low
safety”;

“very bad thing caused
by man or nature”;

“without money”;

“low level of
security”;

“ situation of risk”;

“catastrophe”;

“exist a big possibility
of something bad to
happen”

“something bad which
can affect men or the
world”

“something that put
us in vulnerability”

“ situation of
something bad and it is
difficult to arrange the
solution”;
“period of low growth,
stagnation or
depression”

It is recommended the terms to be incorporated into the curriculum taught in school or in some extracurricular
activities, including associative games to stimulate children's thinking.
6. What a shape of a sign do you associate with a danger situation?

a)

b)

c)

d)

The majority of all participants from all groups chose the triangle as the most appropriate shape. Part of the Bulgarian
students showed hesitation and some of them indicated the circle as another possible form associated with danger. And
Slovak younger students gave the diamond for the right answer (see fig. 1).
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Figure 1. Distributions of students’ answers to the question 6 in %
The conclusion is that the triangle is the most appropriate shape of design for the symbol system of EW&DM maps. It
can be used not only for maps but also for teaching materials related to training in early warning for children. More
studies on this topic and the inclusion of psychologists in future similar researches can present a clearer picture of
children's thinking and reactions.
7. How do you understand the level of dangerous situation with these colours? Please, connect the colour box and the
corresponding text with arrows
a) Extreme level! Very danger!
1)
b) Warning! High level of danger!
2)
c) Be careful! There is a risk of danger!
3)
d) Safe conditions! There is no danger!

4)

This question is connected to the knowledge of the colours associated with the levels of danger when disaster happens:
green, yellow, orange and red. These colours are defined by United Nations /UN/ secretariat and are used in all
presentations connected to EW&DM systems.
In this research some of the answers differ. Only 50% of younger students from Czech and Slovak groups gave correct
answers. In the groups of older students from these countries as well as all Portuguese students the right responses were
70%. It seems that the Bulgarian students were not familiar with these colours, so the answers varied. The most
common mistake made was between yellow and orange. Red and green colours were correctly linked by students.
The conclusion is that though some students did not choose the colours proposed by the UN, most of them had no
problem using properly the standardized colour system for EW&DM and it can be used as a background colour of the
signs.
8. What do the different symbols represent? Please, write your answers under the symbol
1).

2).

7).

8).

3).
9).

4).
10).

5).

6).
11).

These symbols represent the most frequent natural hazards: 1) eruption, 2) tornado, 3) tsunami, 4) forest fire, 5)
earthquake, 6) landslide, 7) avalanche, 8) drought, 9) flood, 10) hurricane and 11) rockslide.
Most students identified almost all symbols correctly. Some of them had doubts about the symbols for avalanche. The
second most frequently given response, mainly from Bulgarian participants and those from group A from Portugal, is “a
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waterfall”. Students from Czech Republic and Slovakia had problems to give definitions for the symbols for landslide,
drought and rockslide.
The conclusion is that the avalanche symbol has to be re-designed. Others like landslide, rockslide and drought could be
re-designed as well, but further research will show if there is such need. The rest of the symbols can be used not only in
maps but also in different kinds of materials for EW&DM.

9. What do you understand by the difference in the size of the symbols?
This question is connected to the size of the symbol. Most of the students from all groups responded that the bigger
symbol means bigger quality of information.
10. How will you draw/represent a disaster region on a map? Please choose one of the following 4 possibilities.

a) with a bigger symbol

b) with a symbol and a polygon

c) with more than one symbol

d) with more than one symbol and a polygon

From the results, presented in figure 2, it is obvious that the students from different age groups think differently.
100

A1-Cz
80

A2-Cz
A1-Sk

60

A2-Sk
A-Bg&C-Bg

40

A-Pt
B-Pt

20

C-Pt
0

a bigger symbol a symbol and a
polygon

more than one
symbol

more than one
symbol and a
polygon

Figure 2. Distributions of students’ answers to the question 10 in %
The conclusion is that the disaster region must be represented by different signs for different age groups. More research
and psychological analysis are needed in the future to better understand some of students’ reactions and way of
thinking.
A general recommendation can be made for standardization of a proper symbol system not only at regional level but
also on multinational. If such unified symbol system exists, people will get used to the signs and they will be easily
recognized.
11. Do you know something about the hazards in your area? Please, write down a list of them?
12. You have a holiday in a tent near a river. In evening time TV/radio forecast informs you that a heavy rain will come
this night and floods are expected. You have a map of your region. What kind of objects do you expect to be represented
on the map and to help you in the expected dangerous FLOOD situation? Please, write at least 5 objects.
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13. You have a holiday in a tent near a river. Suddenly somebody informs you that a fire have appeared not far away
from where you are. You have a map of your region. What kind of objects do you expect to be represented on the map
and to help you in expected dangerous FIRE situation? Please, write at least 5 objects.
14. You are in a similar situation like the ones from the previous two questions. Do you need other information, except
the one on the map, which will help you to decide where to go or what to do?
The last four questions are connected to the local disasters and situations in which students could be caught in. Most of
the participants have not answered them or the answers were not complete.
The most frequent answers given from all participants to the eleventh question were flood, earthquake and fire.
The twelfth and thirteenth questions remained unanswered from the students from Czech Republic and Slovakia.
Bulgarian students wrote roads, paths, buildings, cities, points with higher altitudes, rivers, medical offices, safety
places, hotel, boats, offices of fire and rescue units, emergency telephone as expected objects. Most of the Portuguese
students gave the same answers but some of them expected to find other objects as legend, scale, tables with
information on the maps.
The fourteenth question was also difficult for Czech and Slovak groups. Bulgarian and Portuguese groups pointed the
compass like something that they will need the most. The other answers are GPS and mobile phone.
As an overall summary from this study, it is visible that students under the age of 12 years gave the most complete and
comprehensive answers on the questionnaire. Comparing the answers provided by the Slovak students, the Czech
participants usually responded by using one word (Rusnakova, 2011). The responses from the Bulgarian groups show
clear lack or poor preparation and knowledge. Although Portuguese students have given the most complete and right
answers to the questionnaire, they need to gain greater confidence in dealing with maps. The creation of specialized
cartographic products and materials related with natural hazards and disasters will support children’s education and
reaction in situations of risk.
4. EXAMPLES OF MAPS
Taking into account the results of the survey two main types of maps are designed. The first one shows natural hazards
of the Azores islands (Fig. 3).

Figure 3. Map of natural hazards of Azores
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The second type of maps represents factors for seismic risk and the risk itself in Bulgaria by administrative areas. Four
maps are created. The first one serves as a basis of the other three, which are map transparents. The final cartographic
product is made after overlaying all maps one on top of other (Fig. 4).

2)

1)

3)

4)
Figure 4. 1) Basic map, 2) Buildings, 3) Population and 4) Seismic risk

The thematic content is presented at these three map transparants. Two main factors of a seismic risk are shown on the
first two: 1) buildings and 2) population. There are other factors, which are related to the risk of earthquakes. Taking
into account that the maps are developed for children it is recommended to be kept as simple as possible and the
information in them to be easily synthesized. The third map shows the level of the seismic risk by administrative
regions.
The risk is a function of hazard and vulnerability. For children it is easy to understand that when there is a danger of an
earthquake especially in an area with many houses, the risk of demolition is greater. The same logic is followed for the
population factor – when more people live in an area exposed to high seismicity, it is more likely that they get injured in
an eventual disaster.
5. FURTHER RECOMMENDATIONS
Children are indentified as one of the five highly vulnerable groups to natural disasters (de León Juan Carlos Villagrán
at al., 2010). It is necessary to increase and improve the processes of awareness and education around EW&DM among
them. Students must be encouraged to play an active role in local, national and international activities for mitigation of
the damages from extreme natural events. Involving more children into the teaching-learning processes of DRR will
ensure their participation in design of prevention strategies and will increase their capacity and confidence to cope with
disasters (Save the children, 2007). Later on, this will contribute to the creation of a culture of prevention that can lead
to reducing the risk of disasters and establishing an interactive and mutual learning process between people (Bernal,
2007).
For this reason, educational materials related to the natural hazards should become part of the existing curricula at
schools, future research and projects (Bernal, 2007). Including cartographic products as an easy way of presenting such
data will help students better to imagine the environmental issues. Children as special users need special maps: simpler
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to understand, attractive, illustrative and entertaining. The use of new technologies may increase the number of young
readers and awake their interest.
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Abstract
Emergency geographic information service is based on all kinds of spatial information, and it is used for scientific
dynamic analysis, judgment, forecast and risk assessment of emergency events. It is as the ‘console’ of the whole
emergency command platform decision-making and it is also the presupposition and basis to realize the emergency
management, emergency decision-making, command and space planning. This paper first analyzes the development
tendency of emergency geographic information service platform at home and abroad, then introduces the software
architecture and technology system of emergency geographic information service platform. It focuses on the emergency
3D moving target management, emergency information integration fusion, emergency information service management,
and other key technologies.
Keywords: Emergency geographic information service; GIS; Spatial Analysis

1．INTRODUCTION
In the 21st century, various emergencies occured frequently which caused more and more serious damages, so the effect
of it generated much public concern. Spatial information technology, such as the ‘3S’, has widely used for governments
emergency response [1]. The countries all over the world pay high attention to the space information technology in the
emergency system applied research. Many institutions and scholars analysed the platform systematic structure of
emergency services, emergency space analysis and command assistant decision from different angles and different
levels.
The present study tend to provide evidence for the emergency event information extraction and analysis, assistant
decision-making by making full use of 3S technology and network communication technology. However, some
problems still need to be observed: short of step field and trans-departmental information integration and fusion
technology, format transformation easy but semantic integration difficulties, the integration management and simulation
research of emergency information based on the process of space and time is still in the stage of exploration.
Emergency service research is short of comprehensiveness and systematicness, and emergency system is a local
dispersed professional system, it is short of a unified top management and operation platform [2].
”Construction of the Public Emergency Service Geographic Information Platform” is aiming at the needs of the
construction of national emergency system, focusing on depth integration and public service, breakthrough the key
technology of public emergency geographic information service, setting up public comprehensive emergency space
database based on basic geographic spatial data, then researches and develops the public emergency geographic
information service software platform.
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2. THE MAIN ARCHITECTURE OF THE SYSTEM

Figure1. The main architecture of the system
Among them, each support module functions of the system application support layer as follows:
（1）Collecting management
Including emergency on-site data collection, emergency spatial data collection, emergency events process management,
etc.
（2）Emergency plotting
Symbol library of emergency events, multi-type plotting type, plotting attribute maintenance
（3）Emergency spatial analysis
Digging filling analysis, disastered people analysis, the statistic analysis of damaged GDP, the statistic of damaged land
cover, the selection of rescue line and scattered way of the wounded, the selection of flat area shelter, inundation
analysis, intervisibility analysis, the damaged areas analysis, etc.

Figure2. The disaster geographic information system of Yushu Qinghai
（4）Moving target management and video monitoring
Vehicle moving target monitoring, video monitoring management.
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Figure3.Video monitoring management
（5）Emergency path planning
Selecting the best way of emergency material car algorithm combine the genetic algorithm with the ant colonies
optimization algorithm, vehicle scheduling of emergency material based on improved PSO algorithm, design and
practice of path selection algorithm.

Figure4.The contingency geographic information application of XiZang Province
（6）Information integration management
Economic population, juridical person information, infrastructure, resources and environment, important target, medical
and health, nationality composition, mineral products information, etc.
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Figure5. Information integration management
（7）Printout
Custom-tailor map, preview map, export map, etc.

Figure6. Printout window

3. THE MAIN TECHNOLOGY OF SYSTEM
（1）Research on key technology for the public emergency service geographic information platform
On the basis of multi-sources emergency spatial information, we develop the multiple spatial data management facing
emergency, design the platform based on SOA and .net framework system, the distributed multi-agent server clusters
technology, 3D moving target visualized management, the emergency services process for emergency events, the
multistage grid of data management and fast scheduling, the optimality path selection of emergency material car and
researching on key technology for vehicle scheduling of emergency material, etc. Then we form the public emergency
service geographic information service technology system for various emergencies spatial information acquisition,
integration, processing, analysis and service integration [3].
（2）Construction of the public emergency service geographic information software
We research and develop seven application support tools: information collection, emergency plotting, emergency
spatial analysis, moving target management and video monitoring, emergency path planning, information integration
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management and printout, etc. And based on these tools, form the emergency treatment geographic spatial information
common platform and the contingencies spatial information service system facing the public by combining database
with software, and constructing the software provides manifold emergency geographic information servers for
emergency cases.
（3）Construction of the public comprehensive emergency space database
Based on the spatial data, we construct eight species of emergency special databases :the public comprehensive
emergency space database which includes the national 1:4 million to 1:50000 basic space database(the key
areas:1:10000,1:500), the national remote sensing image database(including the before and after disaster 2.5m to 0.2m
remote sensing image data), the national 1:50000 land utilization database, the after disaster interpretation database of
earthquake, geology and flood disaster which happened in Wenchuan, Yushu, Zhouqu, Fuzhou, medical and health, key
project, etc. And we construct 22 species emergency informed information of flood, hail, earthquake, snow disaster and
so on for nearly three years [4].
（4）The model of emergency geographic information service and studying the analysis algorithm
We put forward the concept model, service model and the typical business process of emergency geographic
information service, and the disaster process management model based on time and space sequence. Though studying
the disaster loss statistical analysis method, put forward selecting the best way of emergency material car algorithm
which combines the genetic algorithm with the ant colonies optimization algorithm and the method of vehicle
scheduling of emergency material based on Improved PSO algorithm. These algorithms lay a solid theory foundation
for emergency path planning.
（5）Public emergency geographic information service application system
Around the emergency needs of nation, department, local governments, we construct seven application systems :the
comprehensive geographic information service system of Wenchuan earthquake, the national disaster publishing
system, the disaster geographic information system of Yushu, Oinghai province ,the disaster service system of the
massive mudslide in Zhouqu, the geographic information service system of flood disaster in Fuzhou, Jiangxi province,
the contingency spatial data sharing system of Hubei province, the contingency geographic information platform of
Xizang province, etc. Form the emergency geographic service application system facing government and masses.

4. THE KEY TECHNIQUE AND INNOVATION
（1）Facing the emergency multiple spatial data management
We realize the integration of basic spatial data and a dozen specials: natural disasters, economic, population, resource
and environmental, infrastructure, etc. And realize the online integration of the emergency geographic information
based on reality.

Figure7. Facing the emergency multiple spatial data management
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（2）The distributed multi-agent server clusters technology
By using multi-agent server clusters technology, establish the performance assessment models of each GIS service
agent, and realize the multi-agent load balancers strategy based on this performance assessment model, then solve the
concurrent access function. Realize the emergency geographic information quick services which supported by multiagent technology.
（3）The adaptive location of moving target and visualized management
We realize the emergency 3D moving target management based on the modified MOST model. This model includes the
time information, spatial information, attribute information, indeterminate time and space information of moving
geographic target, and offer the link between the past, present and future all tenses space information and attribute
information. By using the 3D path interpolation based on sparse anchor point can get the accurate 3D movement locus
of the moving target. We improve the authenticity of moving geographical target in scenes 3D by using the terrain
matching method which combines single-point match and surface match.

Figure8. The adaptive location of moving target and visualized management
（4）The emergency services workflow technology for emergency events
The system analyses the space characteristics, attribute characteristics and process characteristics of emergency events,
and use “Main body-State-Behavior” as the standard information unit of emergency events(time, space information are
mandated factors to describe “state” and “behavior”), then form “process elements of information model” for
emergency events. On that basis, we put forward the “Combination-Links” model of emergency events meta
information, deign the dynamic extracting algorithm of elements information for events and space. Facing the demands
of 2D and 3D geographic information dynamic visualization application, we put forward the integration expression
model based on dynamic visualization variable, and extend the OGC SLD standard to realize the unified formalized
description. On that basis, we structure the geographical visualization engine which has uniform interface, it is based on
the existing 2D and 3D visualization engine. And using message drive mechanism realize the emergency events process
management coupling integration and script calling, it makes great improvement of dynamic analog ability for
emergency events process.
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Figure9. The emergency services workflow technology for emergency events
（5）The multistage grid of data management and fast scheduling
By using pyramid approach manage raster and image data, we establish the simplification segmentation, organization
and management, Indexing and scheduling to manage the vector data. And by using the particles encoding, decoding
method based on the real number sequence avoid the particle swarm falling into local extreme value point. By using the
reduction linearly inertia function based on iterations make the method with the least amount of iterations to find the
optimal solution. Reference to the interleaving principle of genetic algorithm, we perform crossover particle
operation on parent particle to avoid premature convergence of the particle swarm algorithm, and increase the variety of
particle. The new algorithm has good global optimization performance, it improves the calculation accuracy, and it can
find relatively optimal feasible solution.

Figure10. The multistage grid of data management and fast scheduling

5. CONCLUSIONS
Through the construction of platform, a relatively integrate public emergency geographic information service
technology system has put forward, and it realizes the breakthrough of multi geographic information service models and
analyze algorithms. We structure a multi scale, multi special, multi emergency events public emergency synthetical
spatial database, and construct seven application support tools: information collection, emergency plotting, emergency
spatial analysis, moving target management and video monitoring, emergency path planning, information integration
management and printout, etc. Then we form the emergency treatment geographic spatial information common platform
and contingencies spatial information service system facing the public.

121

References
LIU Bin, XIN Hai-qiang T he Preliminary Study of Construction for Emergency Response Platform System of Province Level [J].
Geomatics World, 2007(2):27-31.
LUO Cheng-feng, ZHANG Ji-xian, LIU Zheng-jun, LIU Bin The Frame Design of Emergency Commanding Platform for
Paroxysmal Communal Incident In Sinkiang Municipality [J]. Science of Surveying and Mapping, 2008, 33(3):143-145.
DONG Li-yan, LI Zhen, WANG Li-m in, ZHANG Hai-long Research of Emergency Public Incident Response Platform System [J].
Joumal of Jilin University: Information Science Edition, 2009, 27(4):377-382.
XU Jingxian, DUAN Zhiqiang Thoughts on Geographic Information Public Server [J]. Geospatial Information 2009, 7(5):65-68.
GUO Jian-jun1, SONG Li-jun Design and Realization of Basic Geogeraphic Information Platform for Xinjiang Earthquake
Emergency Command Technology System [J]. Inland Earthquake, 2009, 23(2):242-250.
NIE Xiaobo Application Research of Geographic Information Platform for Public Emergency Services in Hubei Province
[J].Geospatial Information 2011, 9(2):43-48.
LIU Wen-ge,YU Lei Study on Coal Mine Accident Emergency Rescue System Based on WebGIS [J].China Safety Science Journal,
2010,(01).

The Author: ZHU Yi, Female, Associate professor, Master, Mainly engaged in the geographic information system
software development and the applications of large relational database management system.

122

4th International Conference on Carthography and GIS
June 18-22, 2012, Albena, Bulgaria

FLOOD RISK MAPPING IN WEST AEGEAN SEA RIVER BASIN
Nadka Stoimenova
MSc Nadka Stoimenova, PhD student
University of Architecture, Civil Engineering and Geodesy
1, Chr. Smirnenski Blvd. 1046 Sofia, BULGARIA
nstoimenova@gmail.com

Abstract
The study area is the West Aegean Sea River Basin in South-West Bulgaria and it covers about 12% of the country. The
area covers the catchment areas of rivers Struma, Mesta and Dospat. The paper considers cartographic and
bibliographic analysis, remote sensing (aerial photographs), hydrometeorological data, which crucial in terms of risk.
Discussed are issues such as: unfavorable quality of cartographical basis, low level of details in background
information, low and different kind of thematic information. The main aspects of harmonizing data of various sources
and the ways for presenting floods are indicated.
The paper makes a suggestion for visualisation of thematic elements of the contents of the flood maps.
As a result, is prepare a preliminary assessment of flood risk in the West Aegean Sea River Basin and certain
potentially flood-prone areas as a tool to help decision stakeholders, and for emergency preparedness in early warning
and crisis management.
Keywords: cartography, floods, risk maps
1.

INTRODUCTION

The complex nature-geographical structure of Bulgaria and its situation in an area with a great seismic activity makes
the country vulnerable to natural and technogenic disasters and accidents, which can cause considerable human and
material damage. Natural disasters are a result of dangerous geological, meteorological, hydrological and other
processes.
The Ministry of Environment and Water (MOEW) organize and coordinate the elaboration of environmental protection
regulatory system in Bulgaria. The Basin Directorates are regional subdivisions of the Ministry of Environment and
Water. They are created in December 2002 in conformity with the requirements of Water Frame Directive 60/2000 and
the national legislation concerning water management.

Figure 1. River Basin Districts in Bulgaria
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Four river basin districts have been established in Bulgaria (Figure 1).
Danube River Basin District with headquarter in the town of Pleven - covers the catchment areas of rivers Iskar,
Erma, Nishava , Ogosta, Vit, Osam, Yantra, Rousse Lom and Danube Dobrudja rivers;
Black Sea River Basin District with headquarter in the town of Varna-covers the catchment areas of rivers flowing
into the Black Sea from the northern to the southern border, including the internal waters and territorial sea;
East Aegean Sea River Basin District with headquarter in the town of Plovdiv - covers the catchment areas for the
rivers Tunja, Maritsa, Arda and Bela River;
West Aegean Sea River Basin District (WRBD) with headquarter in the town of Blagoevgrad - covers the catchment
areas of rivers Struma, Mesta and Dospat.
The study focuses on West Aegean Basin.
1.1.

Aim of project

The project purpose is to assist the West Aegean Sea River Basin Directorate with formulation of a River basin
management plan in line with the Water Framework Directive (WFD).
The main purpose of a management plan is to provide an assessment of the risks of future floods based on available or
easily accessible information on past floods, to assess the significance of these first, and secondly to model potential
areas with significant risk of future floods.
The implementation of this vital task incorporates the following activities (DIRECTIVE 2007/60/EC):
• Analysis and Processing in GIS of the available data on past floods;
• Create maps of past floods;
• Identification of relevant past floods based on caused adverse effects on human health, environment, cultural heritage
and economic activity;
• Determination of flood risk for potential flood-prone areas, including cross-border, including: assessment of potential
adverse consequences of future floods for human health, environment, cultural heritage and economic activity;
• Identify and implement criteria for significance separately for each different types of effects on human health,
environment, heritage, business combination between them and an assessment of flood risk including the description
and justification of the methods used: A) For certain historical data from flooded areas, B). Potentially threatened by
flooding areas;
• Preparation of list of designated areas with a potential significant risk of floods in the river basins of Struma, Mesta
and Dospat containing a description of the location, flood's type, the type of the expected effects display of cross-border
areas of application in GIS and mapping river sections, designated with a significant risk from future floods.
1.2.

Area description

The study area is the West Aegean Sea river basin in South-West Bulgaria. The administrative center of the area is
Blagoevgrad town. The area covers the catchment areas of rivers Struma, Mesta and Dospat.
Struma River is a transboundary river and flows into the Aegean Sea in Greece. Struma River originates from springs in
the Vitosha Mountain with its highest peak - Cherni Vrah ("Black Peak") at 2290 m.
Average River catchments and the objectives of Places belong to the Rila-Rhodope region. The length of the Struma
River from its source to the border is 290 km, placing it fifth in length after Iskar, Tunja, Maritza and Osam.
The geographic location of the catchment area is defined by the following coordinates 41  25 'and 42  50' N and 22 
22 'and 23  40' E. Acting shape of the catchment area is highly elongated with an average length of 250 km and its
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average width is about 40 km with a pronounced mountainous character. Watershed covers 1/10 of the country and is
the second largest after Maritsa River.
Mesta River is the border and flows into the Aegean Sea in Greece. Mesta River is formed by the merger of Byala
Mesta and Cherna Mesta around Yakoruda town.
Valley of Mesta River is the highest in the country with an average altitude - 1318 meters.
Geographic location of the catchment area is determined by the coordinates of its watershed 41  25 'and 42  10' N and
23  20 'and 24  20' E, situated between Rila, Pirin and Rhodope Mountains.
The Dospat is a river in the Western Rhodope Mountains, the most important tributary of the Mesta. It takes its source
from the 1643-metre-high Rozov Vrah ("Rose Peak").
Catchment area of river Dospat is situated in Southwestern Bulgaria and falls entirely within the Rhodope Mountains.
Dospat River is a transboundary nature. It empties into the Mesta River in the territory of Greece.

№

River Basin

Area

Length of the river

Flow

(km2)

(m)

( mln. m3 /y.)

1

Struma

8545

290

2242.47

2

Mesta

2785

125

950.53

3

Dospat

635

96

182.59

Table 1. Main river basins in the West Aegean River Basin district
In order to have available an effective tool for information, as well as a valuable basis for priority setting and further
technical, financial and political decisions regarding flood risk management, it is necessary to provide for the
establishing of flood hazard maps and flood risk maps showing the potential adverse consequences associated with
different flood scenarios (DIRECTIVE 2007/60/EC).
Cartographers aim to propose decisions about how to represent thematic information using graphic symbols with
optimal colour, size, shape and typography.
This paper examines some problems that arise in flood mapping due to the various types, structure and classification of
the data provided by different organizations. The paper makes a proposal for introducing thematic elements in the
contents of the maps aiming to support decision making in a crisis situation.
2.

DATA COLLECTION AND HARMONIZATION

The great frequency of different types of disasters affected the country during the past decade, put Bulgaria in the
category of territories with a particularly high level of risk (National programme for disaster protection, 2009 – 2013).
The data for past floods were collected from an inquiry in the municipalities and institutions involved in the
management of water conservation and flood. Additional historical information about floods is collected from the
literature. Overall, the data refers to the last ten years, but has also provided information available to more distant
events (mainly from literary sources). The Information is processed, analyzed and evaluated.
Significant past floods are grouped by major river basin (Fig.2). The results of past floods indicate that significant
flooding in the West Aegean River Basin district are 96 of total 129 and are distributed as follows:
• Significant in the river basins of Struma - 78 of 97 recorded floods;
• Significant in the river basins of Mesta - 16 out of 27 recorded floods;
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• Significant in the river basins of Dospat - 2 of 5 recorded floods.

Figure 2. Significant potential floods in West Aegean Sea River Basin
Based on available or readily derivable information, such as records and studies on long term developments, in
particular impacts of climate change on the occurrence of floods, a preliminary flood risk assessment shall be
undertaken to provide an assessment of potential risks.
On the basis of a preliminary flood risk assessment flood risk maps, at the most appropriate scale for the areas identified
are made. On the basis of the maps shall establish flood risk management plans coordinated at the level of the river
basin district.
The Flood Map is a multi-layered map which provides information on flooding from rivers or seas. For it creation are
used a lot of information from different sources. In this project was collected statistical and thematic data provided by
various services, agencies and organizations and they should be combined:
- geographic database
- topographic maps
- thematic maps
- special data
- statistical data
- flood’s maps
- satellite images
- publications
- documentation of agencies
- hydrometric data;
Integration of geographical and statistical information in geographical information system was the main task.
Major problem and challenge for cartographers is the combination and harmonization of statistical and thematic data
from different sources.
One of the main goals of the Infrastructure for Spatial Information in Europe (INSPIRE) Directive is to ensure
harmonization of spatial databases and services in Europe The realization of the requirements of the Directive would
support flood mapping significantly (Boes, 2009).
INSPIRE is based on a number of common principles:
Data should be collected only once and kept where it can be maintained most effectively.
It should be possible to combine seamless spatial information from different sources.
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It should be possible for information collected at one level/scale to be shared with all levels/scales; detailed for
thorough investigations, general for strategic purposes.
Geographic information needed for good governance at all levels should be readily and transparently available.
Easy to find what geographic information is available, how it can be used to meet a particular need, and under which
conditions it can be acquired and used.
The main aspects of data harmonization are:
-georeferencing the information into a geographical reference system;
-standardizing the object classification;
-standardazing the level of detail of the information;
-standardizing the attribute structure;
-unifying the cartographic visualization. (Gruber, Moser, Pitacco, Benvenuti, Cucek-Kumelj, Schabl, 2006)
Regarding data processing and data analysis, a lot of efforts are made in real-time forecasting and shortest-term
forecasting.
The integration of geographic information bases of heterogeneous origin develops at different levels:
- the conceptual level, dealing with the issues of semantic and technical nature linked to the unitary representation of
cartographical and thematic bases;
-the instrumental level, identifying the most appropriate technologies for managing, sharing and spreading data;
-the organisational level, activating inter-institutional agreements between the actors (Gruber, Moser, Pitacco,
Benvenuti, Cucek-Kumelj, Schabl, 2006).
Flood mapping is a complex, detailed and extensive process which provide the best currently available information,
using consistent data, collected and harmonized on base indicated principles.
3.

MAP CONTENTS

The main goal to project is creation of thematic maps in suitable scale which contain border of catchment areas,
topography and land use. The map’s information can be divide in two parts - Geographical information and Thematic
information.

3.1. Geographical information
 Relief – contour lines, hypsometry
 Settlements, classified according to administrative status and type – city, village
 Railway system - railway, railway stations
 Roads - national road system
 Borders and administrative boundaries- national borders, district boundaries, municipality boundaries
 Land cover – forests, arable land
 Protected areas

Geographic grid
3.2. Thematic information
 Hydrography – rivers, reservoirs, lakes, code of surface water body
 Floods - potential flood-prone areas
In this case the hydrography is part of thematic information and rivers are defined as “surface water body”.
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The base map is made in scale 1:200 000 and it serving as the geographical basis to determine the potential flood-prone
areas along the three main rivers Struma, Mesta Dospat and adjacent tributaries. This map is cartographic product
generated in GIS system and prepare for publish in CorelDraw. Bandrova propose GIS-CD technology gathering,
processing and visualization of cartographic information with aims to publishing on the base Geographic Information
System and CorelDraw (Bandrova and Dunkova, 2002). Part of this technology is implemented in this case study.

Figure 3. Past Floods in the West Aegean Region

For present of floods in this map are used cartographic symbol in suitable size of created symbol system for climate
change maps (Stoimenova, 2011). This symbol is design on base traditional symbol denotations with a few constructive
elements that are faster to identify. Thus the proposed symbol system is associative, readable and understandable, in
simple graphical construction.
On figure 4 are presented flood maps created by other River Basin districts for comparison.

Figure 4. Flood maps for East Aegean Sea River Basin

To determine the potential flood-prone areas are used orthophotos in scale 1: 5000 and large-scale topographic maps in
scale 1:5000 coordinate system in 1970. The main output data provided by WABD - Blagoevgrad are in WGS 84
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coordinate system, 35 zone. The projection is Universal Transverse Mercator (UTM). Used topographic maps for
southwestern Bulgaria are in Coordinate system 1970 . - 9 zone. Integration of the information into a geographical
reference system are made.
Based on initial data and additional information derived from large-scale topographic maps, orthophotos, cadastral
maps and submitted plans for certain areas is created 3D terrain model.
The designated areas with a potential significant risk of floods in the river basins of Struma Mesta and Dospat are
defined based on data for significant past floods and the available data on topography, location of watercourses and
their general hydrological and geomorphological characteristics.
For each zone were generated between three and five section, the exact positioning is consistent with the existing
technical infrastructure and the peculiarities of the relief. Terrain elevations were reported for specific points on the
terrain. Determined is the average longitudinal slope of the water surface in each section and the distance between each
profile.
In order to increase the quality of basic data need to edit some information - railway lines, roads and surface water
bodies. For the purpose of further processing is added and new information - bridges.
Created a database for each section contains geographic and descriptive information:
 Coordinates of centroid;
 Type of flood;
 Type of the expected consequences;
The Potential flood-prone areas were performed according hydrological calculations on base 3D terrain model.
Individual maps can be created and printed drawing from the available data sets. The page size is optimized for map
presentation on ISO A4 (Figure 5). The prepare scale for visualization is 1:10000. Eighty eight maps were created.

Figure 5. Flood risk maps

4.

HYDROLOGICAL CALCULATIONS

The determination of the potential risk of flooding sections were performed according "Instructions for the preliminary
assessment of flood risk – part B”- Ministry of Environment and Water of Bulgaria.
These guidelines are offered two basic criteria for defining hazardous areas, namely: horizontal distance between the
site concerned and passing it along the river and vertical distance (depth of water).
The second criteria is chosen as the lead in determining the potential risk of floodplain.
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Figure 6. Profiles location
On base the submitted information and discharges for these sections are made hydraulic calculations to determine the
water level for each profil. Once determined the water level in the profiles, it can be defined areas of flooding, as they
are spent in a plane with slope equal to the longitudinal dimension of the representative area and determine the
intersection of this plane with the 3D model of the terrain. In the result are generated 88 floodplains.

Figure 7. Floodplain

A floodplain is the area that would naturally be affected by flooding if a river rises above its banks.
Light blue shows the area that could be affected by flooding, either from rivers, if there were no flood defences.
This colour show the extent of the natural floodplain if there were no flood defences or certain other manmade
structures and channel improvements.
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5.

CONCLUSIONS

In this paper, a conceptual, technical and visualization framework has been discussed that allows for creating thematic
maps, based on GIS. The Flood Map is designed to increase awareness among the public, local authorities and other
organisations of the likelihood of flooding, and to encourage people living and working in areas prone to flooding to
find out more and take appropriate action.
The elements of these maps should present the peculiarities of the region and give information about the type,
characteristics and possibly consequences.
The main aspects of harmonizing data of various sources and the ways for presenting floods are indicated.
The paper makes a suggestion for visualisation of thematic elements of the contents of the flood maps.
In the result are created thematic maps, wich are the base for creation of flood risk management plans, with a view to
avoiding and reducing the adverse impacts of floods in the study area.
By taking preventive measures on different levels the immediate preparedness for concerted action is considerably
enhanced.
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