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SUMMARY

The necessity of exploring the territories affected by disasters requires the use of
different maps at all four stages of the disaster management cycle. This paper
presents the importance and use of cartography products in natural disaster
management (DM) in its phases: mitigation, preparation, response and recovery.
Natural disasters are briefly described in order to outline the need for different
cartographic representations depending on their specific features. Approved and new
methods of mapping natural disasters are examined and classified. A new
classification is proposed following their use before, during and after the
catastrophic event. Since the climate in Bulgaria presupposes an increased risk for
forest fires, they have been studied in detail. Good practices in forest fire
management worldwide are considered on the basis of which some future work in
this respect could be planned.

Key words: natural disaster, mapping natural disasters, disaster
management, forest fire.

1. INTRODUCTION

Disasters happen almost daily somewhere around the world. Some of them
are natural, others are the result of human activities and in most cases, no
matter what type of disaster occurs, they catch the society off guard. During
the last decades climate change is considered to be a major cause for natural
disasters, enhanced by the consequences of vast urbanization worldwide.
Although the advanced technologies and science have improved disaster
prediction over recent years, natural disasters still cause enormous damages:
human fatalities, economical losses and ecosystem degradations. According
to Intergovernmental Panel on Climate Change, improvement and
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strengthening of the measures for coping with these events is still needed in
the future (IPCC 2012).
The European Environmental Agency published a technical report which
discusses the occurrence of natural disasters in Europe and their social and
environmental impacts for the period 1998 - 2009. This document
summarizes statistics, proposals for measures and policies for reducing the
impacts of the most frequent disaster events in Europe. Statistics show that
they caused nearly 100 000 deaths and affected the lives of more than 11
million people in Europe for that period (EEA 2010). Since post-disaster
relief became a necessary but insufficient measure, disaster management
policy has been oriented more to the mitigation and preparedness processes.
To reduce the impacts of disaster events in Europe, experts started to use an
approach which includes the four stages of disaster management cycle,
namely, the Integrated Risk Management (IRM) involving actions for
mitigation, preparedness, response and recovery.
Cartography and the related disciplines, Geo-information Systems and 3D
Modeling, are an inseparable part of the disaster management cycle in which
their products are successfully used at every stage. Marinova (2010) points
out the use of cartography in disaster management:

e Before the catastrophic event: for assessment and preparedness;

e During the catastrophic event: for protection;

e After the catastrophic event: for recovery actions.
A variety of maps provide important and specially selected data for different
groups of users: experts and non-experts, adults and children, rescuers and
victims. Bandrova and Konecny (2006) suggested that the future maps used
in disaster management should be more schematic and created especially for
the user's needs. Mobile and electronic technologies should also be involved
in the mapping process. The variety of cartographic products used for
preparations before the disaster, for decision making during the rescue
operations and damage assessment after the event are necessary and
irreplaceable tools in disaster management.
To analyse in detail the meaning of cartography during such crises, the types
of natural disasters are reviewed. This review aims to present the natural
disasters in a global perspective and according to the climate and locality,
narrowing them down to a continental and local level. Focusing on the most
frequent natural crisis events for Bulgaria, various methods of cartographic
representation are examined and a generalized classification is made. The
available map products for disaster management are briefly reviewed.
Special attention is paid to forest fire incidents, considering good practices in
management in which the diverse use of maps improves the processes:
preparation, decision making, emergency rescue, etc.
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2. TYPES OF NATURAL DISASTERS

EM-DAT stands for International Disaster Database which is developed and
maintained by the Centre for Research on the Epidemiology of Disasters
(CRED). This database provides standardized data compilation and is known
as the international source of free disaster data for decision-making,
vulnerability and post-disaster damage assessments etc. (EM-DAT 2015a).
In 2007 EM-DAT and Munich RE implemented a new common and
comprehensive classification of disaster events which later on was accepted
and established by other institutions - Swiss RE, Asian Disaster Reduction
Center and United Nations Development Programme. Until then the lack of
standardized classification and terminology led to poor interoperability
between the different databases Therefore, the main aim of the new
classification was to be recognizable and applicable internationally. This
classification (fig.1) divides the disaster cases into two main groups: natural
and technological. Natural disasters form six groups: Biological,
Geophysical, Meteorological, Hydrological, Climatological and Extra-
terrestrial. The classification is narrowed down to sub-types and sub-sub
types of disaster events according to the triggering hazard (Wirtz et al.

2009).
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Fig. 1 An example of one row of the EM-DAT classification.

IDRD (Integrated Research of Disaster Risk) developed another
classification of the natural disasters which is specially designed to serve to
multiple types of loss databases. Despite the proposed structure contains the
basic features of EM-DAT's, it has peculiarities. In this classification the
disaster types are subdivided into families, main events and perils (fig.2).
However, the families in this case are similar to the types of EM-DAT's and
the main type of disaster corresponds to the main events, the disaster sub-
types and sub-sub types here are combined at one level, i.e. perils. In the
proposed framework perils are not strongly distinguished and this is the
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reason to consider that classification as ore flexible than EM-DAT's
classification. The connections "perils - main events" are one-to-many which
requires that the perils should be related according to the particular case.
These improvements in the IDRD classification affect not so much the
global level as the national and sub-national level loss databases (IRDR
2014).

n this paper the EM-DAT classification will be assumed to be a generic
classification.
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Fig. 2 An example of one row of the IDRD classification.

Conditions such as location, weather and tectonic plates are strongly related
to the types of disaster and their occurrence. Reasonable disaster
management requires focusing on the hazards on local level in order to take
proper measures for mitigation, preparedness, response and recovery.
Disaster events should be examined in the world statistics but the more
reduced a disaster classification is, the closer the concrete problem solutions
are. If an examination of the types of natural disasters is made locally in
Europe, the worldwide classification of EM-DAT, consisting of over 28 sub
types and sub-sub types, will be reduced to 8 major natural disaster events. If
the examination is narrowed down to Bulgaria, two of Europe's most
frequent disasters will drop out of the picture (fig. 3).

According to EM-DAT statistics of major natural disaster events in Europe
for the period of 2004 to 2014, the most frequent natural disaster is flood
followed by storms. However, frequency should be not considered separately
from casualties and economical losses. During that period extreme weather
events caused over 63 000 fatalities and next on the list are floods with over
1000 (EM-DAT 2015b). Although significant earthquakes do not occur so
often, the devastating consequences for the population and the economy list
them among the most catastrophic events.
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Fig. 3 Reducing the disaster classification according to locality.

Natural disasters often occur in Bulgaria, the most devastating ones being
floods, storms, landslides, earthquakes and forest fires. Every summer the
hot temperatures and the human neglect are the reasons for the initiation of
forest fires which spread over hectares, damaging habitats and causing
environmental degradation. For the ten-year period (2005 - 2015) 29 disaster
events were registered in EM-DAT's database. In terms of numbers, 159
people lost their lives (EM-DAT 2015b). This amount of casualties cannot
be underestimated having in mind that the population of the country is
around 7 million. Only in 2014 four floods hit different regions causing
human fatalities, collapsed houses and huge economic losses. In 2015
snowstorms blocked part of the country leaving thousands of people without
food, medicines and electricity for days on end. The heavy snowfalls
combined with rains caused floods and initiated landslides and rockfalls,
blocking roads. Obviously, there is an urgent need for improving the disaster
management actions in Bulgaria and especially in the pre-disaster and
disaster phase in order to reduce the hazard of such events. Special attention
should be paid to the huge set of mapping methods applied worldwide,
which, if used properly, can improve the processes in the four stages of
disaster management cycle.
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3. METHODS OF MAPPING NATURAL DISASTERS

In this paper section a classification of the cartographic methods which are
commonly used in the disaster management is made (fig. 4). The methods
are categorized to four main groups. Three of them are following the recent
technological trends: Remote Sensing (RS), GIS Analyses and 3D modeling
and the other is the group of traditional cartography methods which are still
not fully replaced by the modern and also provide map products for DM.
The classification is based on the differentiation of the methods, according to
their use in the stages of the disaster event. The four stages of the disaster
management cycle requires different cartographic methods which are applied
before, during and after the catastrophic event.
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Fig. 4 Methods of mapping natural disasters, according to their use in the different
stages of the catastrophic event.

3.1. Remote Sensing

Remote Sensing (RS) is irreplaceable tool in the DM, because of its ability
to provide spatial data for huge areas in a short time anywhere around the
world. Moreover the Remote Sensing equipment provides data via various
technologies which cover the specific needs of specific data, according to the
event. Many examples can be given in order to approve the huge
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contribution of RS in crises management: from imagery interpretation for
monitoring and risk mapping to rapid mapping during the disaster, RS
provides large range of detailed data needed for reasonable disaster
management.

Remote Sensing provides the opportunity of rapid mapping or mapping soon
after the disaster hits. This method of rapid cartography is crucial part of
decision-making processes for emergency and rescue operations. Buehler
and Kellenberger (2007) present framework of rapid mapping in order to
improve and optimize the process of the International Charter: an
organization, which provide a unified space data to the affected by disasters
(International Charter, 2015). Kerle et.al (2008) make a detailed review of
the airborne sensor data and its use in different disaster scenarios.

Although Remote Sensing do not have all the functionalities of GIS and 3D
modeling, it provides huge variety of data which is successfully applied as a
base for further analyses via these methods. RS is a good example of
showing the existing interconnection and cooperation between the different
methods for disaster mapping. Dorn et.al (2014) effectively combines
OpenStreetMap vector data, LIDAR point cloud, orthophotos, land use and
land cover data to create flood simulations in GIS environment for a study
area in Austria.

ISSN: 1857-9000, EISSN: 1857-9019

3.2. GIS analyses

The Geographic Information Systems already have a high value in public
service for more than 20 years and they are still being constantly improved
to meet the users’ needs. The opportunities they provide are turning them
into invaluable method for disaster mapping. GIS could be applied equally
well before, during and after the disaster emergency.

In the phases of mitigation and preparedness the GIS methods are used
mostly for risk assessment and disaster simulations. The environment of GIS
does not constrict the opportunities and the diversity of parameters which
can be used for problem solving in the disaster management. One of its most
common uses in the first two phases of the disaster management cycle is the
flood modeling. Two different study cases shows similar approaches over
the coping with the disastrous flood events. Liu and et.al (2005) and Kia et.al
(2012) study the potential impact of the changing from rural to urban land
use to the watersheds and assess the risk of floods based on parameters such
as canopy, soil surface, soil, rainfall quantity and groundwater. As oppose
the work of Dorn et.al (2014) mentioned already, is more focused on
studying the meaning of inundation area, water depth and flood intensity
over the flooded area. Another good example of risk modeling is the forest
fire risk assessment. This is deployed in details in Chapter 4.
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During the disaster GIS methods provide fast and crucial information
important for the decision-making process. Their huge role lays on the
strength of the spatial analyses and the real-time data collection. Cases of
poisonous gas leaking, explosions, terrorist attacks, forest fires and floods
can be easily followed and kept under control. The tools, such as finding the
shortest or the fastest route, calculation of the affected area and the number
of the citizens who must be evacuated, contribute for smarter and better
response in cases of emergency. The use of variable parameters, such as
real-time traffic information, helps for better planning and faster decisions
when there is a time limit and people are in danger.

Nowadays people are turning to social media to get current information and
updates over important topics and news. One of the last innovations in GIS
is to include the social sharing as a powerful instrument for collecting real-
time data by tracking the posts of users reporting their close experience with
the disaster event. The products are constantly updating interactive maps
available on-line. For instance an examples of a real-time social media
mapping is the Esri’s map of Napa earthquake based on the websites:
Twitter and YouTube (Kerr, 2014). Velev and Zlateva (2012) point out that
receiving data is not the only use of social media in the disaster
management. According to their work these networks are also available for
broadcasting real-time information to the affected people and can be used for
optimization of the recovery activities and immediate relief efforts.

Last but not least GIS analyses are suitable method for damage and relief
assessment. In the fourth stage of the disaster management cycle - the
evaluation of the affected people, buildings and infrastructure can be
followed by a classification according to parameters which ease the
processes of the recovery actions. Depending on the tasks assigned by the
specialists to the GIS products, the recovery stage can be separated on two
types: short-term and long-term recovery (Johnson, 2000). The short-term
includes damage assessment, shelter accommodation, medical help, etc. and
the long-term recovery is focused on restoring the normal life flow. The last
one may take a couple of months up to few years.

No.8, Year 2017

3.3. 3D Modeling

One of the best features of the 3D modeling is that the products are more
intuitive and the information that they represent is perceived in much easier
way from the user than the 2D maps. The 3D models do not require special
education and preliminary training which makes them suitable for any age.
These qualities expand the opportunities for simulations and trainings with
educational purpose: an essential part of the preparedness phase. However
the 3D maps should not be considered as universal maps. Like every other
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cartographic product they should be user-oriented and should be prepared in
consideration of requirements depending on the specific theme. According to
Bandrova et.al (2012) there are still some unresolved issues with the creation
of 3D maps for disaster management. Great amount of data and time is still
needed to build an accurate and user-oriented 3D map. The other problem
that is examined is the lack of standardization which leads to non-
compliance with the main requirements for cartographic products such as
map symbology, data classification, etc. With no doubt the 3D modeling
products can be successfully used in the disaster management but the time
consuming preparation limits their availability in emergency cases. In time
of disaster the 3D models or the 3D maps has to be already created in order
to be used for urgent decision-making. The quality of the decisions which
will be made by this method during disaster, will depend on the content and
the Level of Detail of the model. Attention have to be paid over the quality
of the data and the suitability for resolving the task. During the recovery
activities the 3D modeling can take a huge role in order to assist the
reconstruction of buildings and infrastructure.

The fast developing computer graphics and cognitive science moved the 3D
modeling to the next level — Virtual Reality. This have made the virtual
reality trainings for disaster response one of the most effective tools for
teaching people the best response practices. Virtual Reality gives the user
not only the experience of real 3D environment but also the opportunity to
take decisions and to be responsible for them. Hsu et.al (2013) examine
different VR-training for disaster response applications in order to show all
the advantages and disadvantages compared with the traditional class and
web trainings. The slightly different type of reality: the Augmented Reality
(AR), which according to Milgram at al. (1994) is placed somewhere
between reality and virtuality, is also taking its place in the disaster response
education programs (Savova 2016). The interesting mixture between virtual
and real gives a fun and easily perceptual way for disaster representations for
children.

ISSN: 1857-9000, EISSN: 1857-9019

3.4. Traditional cartographic methods

The traditional cartographic methods are the oldest ones and lay the
foundations for the new technologies like GIS and 3D Modeling. Over the
years the development of the technologies has slightly displaced the creation
of the traditional paper map and not only for disaster management but
overall. Nevertheless it is still in use for all of the tasks the other methods
resolve — risk mapping, damage mapping, mapping for recovery activities,
etc. The traditional cartographic methods are popular for representing a
historical data for studied area. This kind of data representation is in great
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help with the activities before a disaster event occur. Based on the historical
data and the map representation, conclusions can be made and further
preparedness measurements could be taken. Although the GIS methods are
the fastest for deriving analytical results and pre-prepared decisions, it has to
be admitted that in case of disaster emergency, people are not turning to
them at first place. One of the first things the children learn at school is, in
case of disaster, to look and follow the evacuation and escape plans in the
building, which are products of the traditional mapping methods. The paper
map is one of the crucial tools for presenting the disasters and the
consequences from them to children and students in educational programs.

No.8, Year 2017

4. FOREST FIRES: A CASE STUDY IN MAPPING NATURAL
DISASTERS

Around the world, forest fires have detrimental impacts on economies,
human safety and health. The damages which they inflict on the environment
and society are comparable to the severity of other natural disasters. Forests
can be compared with the skeleton of the soil, therefore the healthy forest
keeps from other disasters as floods, avalanches, landslides. Recent example
of their importance is the huge flood in June 2014 (Varna, Bulgaria) caused
11 fatalities which is considered to be triggered by illegal deforestation.
Another important role is the role of windshield. To go deeper in the
problem forests should not be considered only as a vegetation canopy but as
a living ecosystem with easily disturbing dynamics and a habitat of countless
types of species. Responsible forest protection and forest fire management,
inseparable part of which is designing valuable and useful maps, must be
applied in order to reduce the impacts of these natural disturbances.

4.1. Fire risk assessment

Fire risk prevention and early warning systems for fire detection are crucial
for territories like the Mediterranean region where high fire danger
conditions: high temperatures, drought, low relative humidity and presence
of wind, contribute for fire ignition and fast fire spread. Bulgaria's closeness
to the Mediterranean is a prerequisite for an increased risk of forest fires as
well as forest is over 30% of its area. These are enough reasons this problem
in Bulgaria to be topical and not to be underestimated. Good practices
worldwide should be examined and applied in order to improve the
management methods and processes in the country.
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Crucial part of the fire risk assessment is the determination of the variables
which can possibly contribute to fire ignition and spreading. The
implementation of these variables in modern cartography and GIS as risk
and phenomena modeling gives the opportunity of producing large range of
map products usable before, during and after the catastrophic event.
Chuvieco et.al (2005) examined the variables and proposed a method of fire
risk assessment: Wildland Fire Danger assessment or WFDA which
distinguish two components: ignition danger and propagation danger. The
method aims to integrate the most important factors connected with fire
ignition and spreading into one danger index (fig. 5). Krisp et.al (2005)
focused their study on improving fire and rescue services in urban areas,
proposing a method of explorative spatial analyses based on population
density and incidents occurrence mapping. In other research Chuvieco and
Justise (2010) examined in detail the human factors and the relationship
between humans and forest fires. Another research studied the connection
between the informal settlements in South Africa and the increased fire
occurrence (Smith, 2005). Camaro et.al (2013) present another classification
of fire risk factors, according to their time variability which divides them on
two main groups - long-term and short-term.
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Fig. 5. Structure and components of the Wildland Fire Danger assessment (WFDA)
(Chuvieco, 2005)

4.2. Methods of mapping forest fires - risk mapping and forest fire
behaviour modeling
Despite of the type of disaster, risk and vulnerability mapping are constituent

part of the mitigation stage. Risk mapping is a method which studies the
spatial distribution of fire risk. The method requires mathematical
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integration of many variables to one or several risk indexes which
interpolation is made and represented on different map products.

The obvious advance of using GIS and Remote Sensing in disaster
management of forest fires, explains the many examples of applicable risk
models and maps. For a case study in Garhwal Himalayan region (Chandra,
2005) a technology, combining GIS and Remote Sensing is proposed. The
method is used for identifying and different fire risk zones and it is based on
the mapping of factors such as forest density and type, aspects, slopes,
elevation (extracted from Digital Elevation Model), drainage and human
factors, especially remoteness from settlements and roads. Every parameter
is assessed with fire risk value. Each value is assigned with weight factor
and takes part in the equation of the complex index - Fire Risk Zonation
Index.

Guettouche et.al (2011) proposed another methodology of calculating risk
and vulnerability indexes. The main difference between this and the previous
example is that in this case the climate conditions are considered including
three separate indexes, describing the weather factor: climate drought index,
index of continentality and index of dry wind. The last stage of the process is
combining hazard and vulnerability data for calculation of fire risk degree.
Another technology of mapping forest fires is based on analyses of fire
spreading under various conditions. The phenomena is object of study for
decades and there are existing forest fire spread models which describe and
predict its behavior, according to factors such as fuel features, wind and
slope etc. Rothermel's (1972) and Albini's (1976) are still preferred for
analyses and calculations. They are also used as base for further developed
models such as FARSITE (Finney 1998), etc. The recent years, topical
theme is the implementation of such models in GIS environment. The
integration between the theory of forest fire behaviour and the opportunities
that GIS gives for spatial analyses has evidently improved the processes in
the disaster management of such events. Prediction of the spread speed and
direction, according to external factors such as wind, fuel type, slope and
aspects, etc. takes crucial part not only in the evacuation and rescue but also
in a fire fighting operations.

Condorelli and Mussumeci (2009) implement in GIS Rothermel's fire spread
model for two regions in Sicily. The implementation is performed with
several GRID themes, each of which represents an interpolation of variable
in Rothermel's equation. As a result a new GRID is obtained, every cell of
which represents the potential spreading speed of the fire front in
meters/minutes. This GRID they use for further analyses of the time of
spreading and identification of the most probable path of the forest fire. The
study of Kanga et.al (2014) presents the successful application of FARSITE
and remote-sensing imagery in forest fire risk assessment. In this case the
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research is focused on using fire spread model for identification of potential
fire ignitions, according to fuel, weather and other conditions.
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CONCLUSIONS

The society is advancing slow but steady in the process of reducing the
losses, both human and material, results of the uncontrollable disaster
occurrence. The cartography and the interconnected disciplines have an
important role in the disaster management activities by giving suitable data
representation, spatial solutions and pre-prepared decisions in a short time or
in other cases for detailed 3D environment mapping used for simulation and
disaster recovery trainings. In order to use these methods reliably a special
attention should be paid to the classification of the disaster types. For better
management actions the worldwide list of disaster types should be narrowed
down according to the specifications of the area on which they are applied.
The disaster management in Bulgaria should note the good practices from
the other parts of the world and should consider implementing them in order
to improve the actions taken in such emergencies to minimize the casualties
and the damages in our country.

REFERENCES

1)  Albini, F.A. (1976) Estimating wildfire behavior and effects. General Technical Report
INT-30. USDA Forest Service. Intermountain Forest and Range Experiment Station,
Ogden, UT, 92p.

2) Bandrova, T., Konecny, M. (2006). Mapping of Nature Risks and Disasters for
Educational Purposes, KiG — 6, 12 -16 June

3) Bandrova, T., Zlatanova, S., Konecny, M. (2012). Three-dimensional maps for disaster
management. ISPRS Annals of Photogrammetry, Remote Sensing and Spatial
Information Sciences, I-4(September), 245-250. http://doi.org/10.5194/isprsannals-I-4-
245-2012

4)  Buehler, Y. A., & Kellenberger, T. W. (2007). Development of processing chains for
rapid mapping with satellite data. In J. Li, S. Zlatanova, & A. Fabbri (Eds.), Geomatics
solutions for disaster management. Berlin, 49-60 (pp. 49-60). Berlin, Germany:
Springer. Retrieved from http://www.zora.uzh.ch

5)  Camaro, W., Steffenino, S., Vigna, R., (2013). Fire risk mapping and fire detection and
monitoring. p. 62- p.77. The Value of Geoinformation for Disaster and Risk
Management (VALID). Altan, O., Backhaus, R.etal. Joint Board of Geospatial
Information Socie- ties (JB GIS).

6) Chandra, S., 2005, Application of Remote Sensing and GIS technology in Forest Fire
Risk Modeling and Management of Forest Fires: A Case Study in the Garhwal
Himalayan Region, p.1239 - p.1255. In Geo-information for Disaster Management, Van
Oosterom (P.), Zlatanova, S., Fendel, E. (Eds.) Springer.

7)  Chuvieco, E., Camia, A., Bianchini, G., Margalef, T., Koutsias, N., & Martinez, J.

http.//mmm-gi.geo-see.org

19


http://doi.org/10.5194/isprsannals-I-4-245-2012
http://doi.org/10.5194/isprsannals-I-4-245-2012
http://www.zora.uzh.ch/

20

MMM

Geo 1hfurmaﬁon No.8, Year 2017

(2005). Using remote sensing and GIS for global assessment of fire danger. XXII
International ~ Cartographic  Conference, (July), 11-16. Retrieved from
http://cartesia.org/geodoc/icc2005/pdf/oral/ TEMA29/Session\n1/EMILIO\nCHUVIEC
O.pdf

8)  Chuvieco, E., Justise, C. (2010) Relations Between Human Factors and Global Fire
Activity. p. 187 — p. 199. In Advances in Earth Observation of Global Change. Chapter
14. Chuvieco, E., Li, J., Yang, X. (Eds.). Springer Netherlands.

9) Condorelli, A., Mussumeci, A. (2009) GIS Procedure to Forecast and Manage
Woodland Fires. In Geographic Information and Cartography for Risk and Crisis
Management. M. Konecny, S. Zlatanova, & T. L. Bandrova (Eds.). Springer Berlin.

10) Dorn, H., Vetter, M., & Hoéfle, B. (2014). GIS-based roughness derivation for flood
simulations: A comparison of orthophotos, LIiDAR and Crowdsourced Geodata. Remote
Sensing, 6(2), 1739-1759. http://doi.org/10.3390/rs6021739

11) EM-DAT (2015a): About, http://www.emdat.be/about, Available on 28.04.15

12) EM-DAT  (2015b):  Search,  http://www.emdat.be/advanced_search/index.html.
Auvailable on 06.05.15

13) European Environment Agency. (2010). Mapping the impacts of natural hazards and
technological accidents in Europe. An overview of the last decade. Technical report No
132010. http://doi.org/10.2800/62638

14) Finney MA (1998) FARSITE: Fire Area Simulator Model development and evaluation.
Research Paper RMRS-RP-4. USDA Forest Service. Rocky Mountain Research Station,
Ogden, UT, 47p.

15) Guettouche, M. S., Derias, A., Boutiba, M., & Boudella, A. (2011). A Fire Risk
Modelling and Spatialization by GIS. Journal of Geographic Infromation System,
3(July), 254-265. http://doi.org/10.4236/jgis.2011.33022

16) Hsu, E. B, Li, Y., Bayram, J. D., Levinson, D., Yang, S., & Monahan, C. (2013). State
of Virtual Reality Based Disaster Preparedness and Response Training. PLOS Currents
Disasters, 1-6. Retrieved from http://currents.plos.org/disasters/article/state-of-virtual-
reality-vr-based-disaster-preparedness-and-response-training/

17) International Charter: Space & Major disasters.
https://www.disasterscharter.org/web/guest/about-the-charter. Available on 03.05.2015.

18) Integrated Research on Disaster Risk. (2014). Peril Classification and Hazard
GLossary (IDRD DATA Publication MNel). Beijing.
http://doi.org/10.1017/CB09781107415324.004

19) IPCC. (2012). Managing the risks of extreme events and disasters to advance climate
change adaptation. A Special Report of Working Groups | and Il of the
Intergovernmental Panel on Climate Change. (C. B. Field, V. Barros, T. F. Stocker, Q.
Dahe, D. J. Dokken, G.-K. Plattner, ... P. M. Midgley, Eds.). New York, USA:
Cambridge University Press. Retrieved from https://www.ipcc.ch/pdf/special-
reports/srex/SREX_Full_Report.pdf

20) Johnson, R. (2000). GIS Technology for Disasters and Emergency Management. An
ESRI White Paper. Esri. Retrieved from
http://www.geo.umass.edu/courses/geo250/disastermgmt. pdf

21) Kanga, S., Sharma, L., Pandey, P. C., & Nathawat, M. S. (2014). Gis Modeling
Approach for Forest Fire. In International Journal of Advancement in Remote Sensing,
GIS and Geography (Vol. 2, pp. 30—44). http://doi.org/2321-835

22) Kerle, N., Heuel, S., & Pfeifer, N. (2008). Real-time data collection and information
generation using airborne sensors. Geospatial Infomation Technology for Emergency
Response, 43-74. Retrieved from http://books.google.com/books?hl=en&Ir=&id=m-
2RMTpe7WEC&o0i=fnd&pg=PA43&dg=Real-
time-+data+collection+and-+information+generation+using+airborne+sensors&ots=m1Pi
VLK80ON&sig=abxepeVeEf4miDyYSxfqBg4uUlc

Publisher: Geo-SEE Institute


http://doi.org/10.3390/rs6021739
http://www.emdat.be/advanced_search/index.html
http://doi.org/10.4236/jgis.2011.33022
http://currents.plos.org/disasters/article/state-of-virtual-reality-vr-based-disaster-preparedness-and-response-training/
http://currents.plos.org/disasters/article/state-of-virtual-reality-vr-based-disaster-preparedness-and-response-training/
https://www.disasterscharter.org/web/guest/about-the-charter
http://doi.org/10.1017/CBO9781107415324.004
https://www.ipcc.ch/pdf/special-reports/srex/SREX_Full_Report.pdf
https://www.ipcc.ch/pdf/special-reports/srex/SREX_Full_Report.pdf
http://www.geo.umass.edu/courses/geo250/disastermgmt.pdf
http://books.google.com/books?hl=en&lr=&id=m-2RMTpe7WEC&oi=fnd&pg=PA43&dq=Real-time+data+collection+and+information+generation+using+airborne+sensors&ots=m1PiVLK80N&sig=a6xepeVeEf4miDyYSxfqBg4uUIc
http://books.google.com/books?hl=en&lr=&id=m-2RMTpe7WEC&oi=fnd&pg=PA43&dq=Real-time+data+collection+and+information+generation+using+airborne+sensors&ots=m1PiVLK80N&sig=a6xepeVeEf4miDyYSxfqBg4uUIc
http://books.google.com/books?hl=en&lr=&id=m-2RMTpe7WEC&oi=fnd&pg=PA43&dq=Real-time+data+collection+and+information+generation+using+airborne+sensors&ots=m1PiVLK80N&sig=a6xepeVeEf4miDyYSxfqBg4uUIc
http://books.google.com/books?hl=en&lr=&id=m-2RMTpe7WEC&oi=fnd&pg=PA43&dq=Real-time+data+collection+and+information+generation+using+airborne+sensors&ots=m1PiVLK80N&sig=a6xepeVeEf4miDyYSxfqBg4uUIc

ISSN: 1857-9000, EISSN: 1857-9019

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

MM M

Geo Informaﬁon

Kerr, D. (2014) Napa earthquake as mapped by social media posts,
https://www.cnet.com/news/napa-earthquake-is-mapped-by-social-media-posts/.
Awvailable on 15.01.2017

Kia, M. B., Pirasteh, S., Pradhan, B., Mahmud, A. R., Sulaiman, W. N. A., & Moradi,
A. (2012). An artificial neural network model for flood simulation using GIS: Johor
River Basin, Malaysia. Environmental Earth Sciences, 67(1), 251-264.
http://doi.org/10.1007/s12665-011-1504-z

Krisp, J., Virrantaus K. and Jolma A. (2005). Using explorative Spatial Analyses to
improve Fire and Rescue Services, p. 1283 - p.1297. In Geo-information for Disaster
Management, Van Oosterom (P.), Zlatanova, S., Fendel, E. (Eds.) Springer.

Liu, Y. B., De Smedt, F., Hoffmann, L., & Pfister, L. (2005). Assessing land use
impacts on flood processes in complex terrain by using GIS and modeling approach.
Environmental Modeling & Assessment, 9(4), 227-235. http://doi.org/10.1007/s10666-
005-0306-7

Marinova, S. (2010). Cross-Border Mapping for Disaster Management. In 3rd
INTERNATIONAL CONFERENCE ON CARTOGRAPHY AND GIS, Proceedings.
Nessebar, Bulgaria.

Milgram, P., Takemura, H., Utsumi, A., & Kishino, F. (1994). Mixed Reality ( MR )
Reality-Virtuality ( RV ) Continuum. Systems Research, 2351(Telemanipulator and
Telepresence Technologies), 282-292. http://doi.org/10.1.1.83.6861

Rothermel, R.C. (1972) A mathematical model for predicting fire spread in wildland
fuels. General Technical Report INT-115. USDA Forest Service. Intermountain Forest
and Range Experiment Station.

Savova, D. (2016). AR Sandbox in Educational Programs for Disaster Response. In T.
Bandrova & M. Konecny (Eds.), 6th International Conference on Cartography and GIS
Proceedings, Vol. 1 and Vol. 2 (pp. 13-17). Sofia, Bulgaria: Bulgarian Cartographic
Association. http://doi.org/1314-0604

Smith, H. M. (2005) The Relationship between Settlement Density and Informal
Settlement Fires: Case Study of Imizamo Yethu, Hout Bay and Joe Slovo, Cape Town
Metropolis. p.1333 - p.1357. In Geo-information for Disaster Management, Van
Oosterom (P.), Zlatanova, S., Fendel, E. (Eds.) Springer.

Velev, D., & Zlateva, P. (2012). Use of Social Media in Natural Disaster Management.
In International Proceedings of Economics Development and Research. Singapore:
IACSIT  Press. Retrieved from  http://www.ipedr.com/vol39/009-ICITE2012-
B00019.pdf

Wirtz, A., Below, R., & Guha-Sapir, D. (2009). Working paper Disaster Category
Classification and peril Terminology for Operational Purposes. Context, (October), 1-
20.

http.//mmm-gi.geo-see.org

21


https://www.cnet.com/news/napa-earthquake-is-mapped-by-social-media-posts/
http://doi.org/10.1007/s10666-005-0306-7
http://doi.org/10.1007/s10666-005-0306-7
http://www.ipedr.com/vol39/009-ICITE2012-B00019.pdf
http://www.ipedr.com/vol39/009-ICITE2012-B00019.pdf

