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Abstract:

Forest fires constitute one of the greatest hazards for the viability and sustainable development of
forests with consequences both on natural and cultural environment, undermining the economy and
the quality of life of local and regional populations. Thus, the best strategic to grapple with forest
fires while taking under consideration both functional and economic efficiency is considered of
primary importance. To this effect, great share have the usage and adoption of decision support
systems (DSS) which contain tools of G.1.S. and satellite technology and function as information
systems which support the managers responsible for eliminating the forest fires. Definitely, the
sub-systems of the most DSS can be used independently depending on the main purpose, such as
for prevention or suppression procedures; for the financial estimation of the planned mission; for the
smoke detection and the prediction of its repercussions on the human health etc. Hence, the paper
aims to a comparative assessment of the most contemporary DSS which are in use in different
geographic scales -such as national and federal level- as well as to a thorough exploration of the
effectiveness and contribution of such systems to the confronting of forest fires.
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The use and significance of modern Decision Support Systems (DSS)
in the service of humanity against forest fires

Introduction

Forest fires constitute one of the greatest hazards for the viability and sustainable
development of forests with consequences both on natural and cultural environment,
undermining the economy and the quality of life of local and regional populations.

The outbreaks of forest fires could stem from either natural (thunders) or anthropogenic
causes (carelessness, accidents, arsons). The latter usually compose the greatest
percentage of ignition of forest fires especially at the Mediterranean regions (Carmel et al.
2009; Christopoulou 2011; Demir et al. 2009).

At the European Union (EU) level, for the reference year 2011, 55.543 forest fires have
burst out, which corresponds to 269.081 ha of charred land. At lower geographical level,
at the same year (2011) in Greece, 1.613 forest fires have broken out (3% of the overall
forest fires which took place at the 5 most vulnerable! regions in EU) and destroy 29.144
ha? (11% of the overall burnt area of the previously mentioned countries). From this
figure, 89 forest fires sized above of 40 ha have burnt out 36.872 ha (www.fire.uni-
freiburg.de, 2011).

For those reasons, the best strategic to grapple with forest fires while taking under
consideration both functional and economic efficiency is considered of primary
importance. To this effect, great share have the usage and adoption of DSS which
contain tools of G.I.S. and satellite technology and function as information systems which
support the managers responsible for eliminating the forest fires. As a result, managers’
ability is strengthened so that they can prevent and suppress effectively the forest fires
implications on the natural and build environment as well as to the fully protection of
human life which constitutes the framework and milestone of our society.

Basic characteristics of DSS and their exploitation/utility on different
spatial scales

Structural elements of DSS

DSS constitute a valuable tool for prevention and fighting against forest fires and lately
they are adopted at growing rate at global level. The basic models-subsystems which
comprise the structural elements for confronting forest fires and most DSS use are the

1 Portugal, Spain, France, Italy and Greece.
2 The share of forest land corresponds to 19.348 ha and the share of non-forest land amounts to 9.796 ha (www.fire.ini-
freiburg.de, 2011).
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following (Bonazountas et al. 2007; Dimopoulou and Giannikos 2004; ec.europa.eu 2012;
Giovando et al., no date; Glasa 2009; Gumusay and Sahin 2009; Kalabokidis et al. 2011;
Keramitsoglou et al. 2004; Lee et al. 2010; Noonan-Wright et al. 2011; Wybo 1998):
> Retrieval, analysis, update, edit and prediction models of geospatial
(geomorphology — topography, socioeconomic and environmental data),
meteorological and satellite data,
» Risk indexes and thematic maps (past fire incidents - records, moisture data etc) of
indigenous vegetation and forest fuel,
» Fire propagation and behavior models and
» Utilizing of interactive programs for the preparation, plans establishing,
coordination and prompt dispatch of specific forces of the fire department (human
force, number and kind of fire machinery — land or aerial forces or even a
combination).

Local Level — National Scale

One of the first DSS that exploited the usage of several technological tools and
constitutes the precursor of the subsequent and advanced technologically DSS for
prevention and fighting against forest fires is the application of Wybo. The key in that
system is the fact that the DSS incorporates in their databases a certain number of pre-
processed scenarios which correspond to specific fire incidents and consequently, there
is no need for composing new scenarios from scratch, for instance in case new
meteorological data is received. Hence, valuable time is saved up during the process of
monitoring, management and fighting of each fire incident in real time (Wybo, 1998).

Dimopoulou and Giannikos (2004) exploited an integrated information system on which
the databases of G.I.S. include and provide all the necessary spatial information to the
subsystem which is responsible for the application of the mathematical programming.
Next, through all the appropriate equations and calculations of mathematical
programming, the best (spatial) allocation of the fire department units (including the
amount and type of the forces) on the study area is estimated, so that the fire-fighting
authorities will be prepared to locate the fire and act within 10 minutes (time limit based
on international standards) to any possible combustion. Afterwards, the model of fire
behavior “sends” the new input, which depends on fire evolution (e.g. not available fire
engines, natural barriers across the main roads etc.), to the subsystem of mathematical
programming -like an active feedback, so that a new best re-allocation of the fire
department units will be achieved, adjusted to the new data, which will lead to the
immediate containment of the forest fire (Dimopoulou and Giannikos, 2004).

On the application of DSS from Bonazountas et al. (2007), besides the basic structural

elements of DSS, they adopt an additional model of socioeconomic factors (e.qg.
demographic data, tourism industry) of the study area, where an analysis of the crucial
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socioeconomic factors is conducted which could affect the risk levels for combustion and
a thematic map is produced as an output of this model. Furthermore, the probabilistic
model contributes to the whole process, so that the managers could effectively plan the
best (spatial) allocation of the infrastructure (firemen, land and aerial fire engines etc).

Akay et al. (2011) combine the advantages of G.I.S. and DSS and apply the Network
Analysis which incorporates: a) the method of the nearest fire unit-settlement, where the
fastest route between each fire unit and the possible area of combustion is estimated, so
the fire team, which needs the smallest distance and consequently the least time, is
activated (Condoreli and Mussumeci 2010; Gumusay and Sahin 2009; Keramitsoglou et
al. 2004;); b) the second method involves the spatial covering (buffers) of forest land from
the current fire units. The key in this method is the critical time of response which is
necessary from every fire team in order to approach the district of fire. In case that this
combination is inadequate (both in travel distance and critical time of response), then it is
concluded that more installations of fire brigade must be established, so that every
possibility of outspreading of the fire and their consequences can be limited (Akay et al.,
2011).

Interregional Level — Federal Scale

At superior geographical level, especially the adopted DSS in USA presents outstanding
interest. The comparative advantage of the Wildland Fire Decision Support System
(WFDSS) is the integration of all previous management processes of wildfires into a
united system, which is provided with all essential inputs (geospatial data, air quality data
etc.) as well as additional tools of fiscal evaluation of past fire incidents. All those
procedures are manageable in real time, while they are supported (for the usage and
exploitation of the application) directly via the internet from many agencies responsible for
confronting forest fires at the same time. Besides the basic structural elements of DSS,
WFDSS incorporate additional economic and environmental tools. More specifically,
WFDSS includes those economic tools which reckon the estimated economic cost on the
basis of past fire incidents with similar characteristics. In addition, risk assessment of
crucial structures (natural resources and infrastructures?!) is conducted and these
resources are depicted in the fire evolution map based on the fire intensity (Noonan-
Wright et al. 2011).

Following the same geographical scale, the corresponding EU information system (EFFIS
— European Forest Fire Information System) demonstrates several innovating and quite
valuable functions. More specifically, the immediate evaluation of catastrophes whose
aim constitutes the mapping of those areas which have been damaged from forest fires

1 Crucial structures and natural resources: Human settlements, transport, energy, oil and telecommunications
infrastructures, habitat with endangered species, historical monuments etc.) (Noonan-Wright et al. 2011).
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and are greater than thirty ha. It's worth emphasizing that the comparative advantage of
that application is the conjunction of the data of those districts that have been affected
from forest fires and their corresponding land coverage, aiming to a more comprehensive
study and assessment of the extent and kind of these catastrophes (in terms of quality
and quantity of such catastrophes). The land sources of information constitute a recurrent
selection of valuable information regarding the forest fires. Their significance is reflected
when natural barriers (cloudy weather) or technical restrictions are happening during the
attempt to retrieve satellite images and to locate active fire hotspots. So, all the relative
information is collected through RSS method from several EU sources (Google news,
blogs etc.) in various geographical levels. Following, a filtering and automatic geocoding
procedure are conducted and each and every fire incident is located geographically
(Giovando et al., no date).

Mavsar et al. (2012) proceed to a comparative study of the economical effectiveness of
four DSS, where in addition to the desired protection level which could be culminated in
the best spatial allocation of land and aerial fire forces, economic data of the adopted
prevention measures as well as of the global operational forest fires planning are taken
into account. The evaluation of alternative scenarios in terms of economic and
environmental effectiveness will finally lead to the selection of the best scenario. The
studied systems are the following: 1) Leopards model (Canada), 2) Kitral model (Chile),
3) Sinami model (Spain) and 4) FPA (USA). Regarding the economic assessment of the
aforesaid systems, it should be highlighted that the most integrated program, which
permits the economic analysis of the different management strategies is the Sinami
model, which adopts the techniques of the “C+NVC'" method and incorporates the
economic cost of prevention and suppression planning as well as of natural resources
which are affected from any natural catastrophe. The last parameter is absent from the
other models (Leopards and Kitral), while FPA adopts Goal Programming techniques
(Mavsar et al., 2012).

Discussion

Decision Support Systems constitute such a tool which conduces to effective prevention,
suppression and confrontation of forest fires as well as to the rational incident
management and appropriate decision making, especially to emergency situations such
as the cases of natural catastrophes.

The combination of operational research models and G.1.S. is of crucial importance while
it may cope with the growing spectrum of complicated (of spatial nature and not only)
problems which include a great deal and variety of data. So, in case of forest fires, the

1 C+NVC: Fiscal cost (prevention and suppression planning expenditures) + net value among destructive and beneficial
implications of forest fires (Mavsar et al., 2012).

http://www.iises.net/proceedings/international-academic-conference-rome/front-page 974



14 April 2015, 15th International Academic Conference, Rome ISBN 978-80-87927-08-3, IISES

exploitation of G.I.S. and new routing techniques (Vehicle routing models) in the DSS
may contribute to the effective decision making concerning for instance with the choice of
a number of best routes targeting to the minimization of distance and time of each route
as well as to the immediate rerouting with the choice of the second best route for the
timely confrontation of every incident due to an extraordinary event.

Another issue of secondary importance -but imperative in situations of global economic
narrowness- constitutes the fact of fiscal resources saving through the minimization of
fuels consumption and vehicle maintenance with the choice of best routes in terms of
travel time (Manusaridis et al., 2007). In this context, the adoption of trustworthy tools for
the management of natural catastrophes is a crucial issue aiming to the general saving of
resources. The competitive advantage of online applications (Web DSS) is that any
distant user does not have to consume extraordinary amount of money for covering
substantial needs from such an application like the retrieval, usage and edit of mass
volume of geospatial and meteorological data, the needs for sophisticated equipment as
well as the long-term periodic maintenance work (ec.europa.eu, 2012; Gumusay and
Sahin 2009).

According to Martell (2011), the physical presence, the participation into virtual
environment of crisis management of the researchers as well as the interaction between
fire managers and researchers are of primary importance, while facilitates the
assimilation and the way of approach during (or before) fighting forest fires. Moreover, the
necessary combination of theoretical and practical research is highlighted, so that there
will be a more comprehensive understanding of such systems. Furthermore, the creation
of a global network of natural catastrophes — fire managers which will aim to the ideas
exchange and dissemination as well as to the exploring of more effective and suitable
solutions is suggested (Martell, 2011). Finally, it should be clear that any DSS cannot
substitute the human factor for the appropriate crisis management. However, DSS may
highly contribute to the quantification of complex interactions which take place during
confronting a forest fire and they may facilitate the timely handling of critical situations.
The positive key points of DSS combined with a manager expertise and experience could
achieve the moderation of consequences of forest fires to the natural and cultural
environment as well as to the economic impact of every fire confrontation mission
(Mavsar et al., 2012).

Concluding remarks

As previously discussed, DSS as integrated information systems which incorporate state-
of-the-art structural functions constitute a powerful ally for the prevention and
confrontation of forest fires. Each and every tool contribute to an immediate, effective and
exact operational preparedness and suppression of forest fires aiming to ensuring human
life as well as to the rational protection and sustainable management of natural resources
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which ensure both socioeconomic and environmental profits to the local and regional
population.

In the international literature several DSS variations per age and geographical scale are
presented, however, most of them are constructed from similar basic subsystems aiming
to the fully understanding, analysis, creation and support during rational and best
decision making regarding the appropriate activities which should be followed in a narrow
time frame. Such issue always constitutes a challenge in this kind of natural
catastrophes, which targeting to the minimization of environmental impacts as well as to
the corresponding economic cost. Definitely, the fact that each DSS has its own added
value in confronting such phenomena like forest fires should be highlighted.
Nevertheless, a comparative assessment of various DSS (used in forest fires) would be
considerably beneficial, so that the usage and credibility of any DSS can be estimated in
terms of functionality and economic effectiveness (from the usage and adoption in any
incident), at least in hypothetic level like the fire simulation in similar situations. Certainly,
the fact that some DSS may be formatted and adjusted according to the special
characteristics of each geographic area in which is aimed to be implemented should not
be ignored; however, valuable conclusions could be extracted concerning the
effectiveness of the DSS which could be implemented in areas with similar
characteristics. So, an opportunity will be given, so that experts could recognize those
specific divisions that should be improved or/and entirely revised, even a new
combination of compatible subsystems integrated into DSS may be invented. Therefore,
synergies may be maximized leading to the full achievement of the same target of
preventing and confronting of forest fires.

Acknowledgements: This research has been co-financed by the European Union
(European Social Fund-ESF) and Greek national funds through the Operational Program
"Education and Lifelong Learning" of the National Strategic Reference Framework
(NSRF) - Research Funding Program: Thales. Investing in knowledge society through the
European Social Fund.

References

AKAY, A. E., WING, M. G, SIVRIKAYA, F. and SAKAR, D. (2012). A GIS-based decision support system
for determining the shortest and safest route to forest fires: a case study in Mediterranean Region of
Turkey. Environmental Monitoring and Assessment. 2012, Vol. 184, s. 1391-1407

BONAZOUNTAS, M., KALLIDROMITOU, D., KASSOMENOS, P. and PASSAS, N. (2007). A decision
support system for managing forest fire casualties. Journal of Environmental Management. 2007,
Vol. 84, s.412-418

CARMEL, Y., PAZ, S., JAHASHAN, F. and SHOSHANY, M. (2009). Assessing fire risk using Monte Carlo
simulations of fire spread. Forest Ecology and Management. 2009, Vol. 257, s. 370-377

http://www.iises.net/proceedings/international-academic-conference-rome/front-page 976



14 April 2015, 15th International Academic Conference, Rome ISBN 978-80-87927-08-3, IISES

CHRISTOPOULOU, O. G. (2011). Deforestation / Reforestation in Mediterranean Europe: The Case of
Greece. Soil Erosion Studies, s. 41-58. Dr. Danilo Godone (Ed.), ISBN: 978-953-307-710-9, InTech,
DOI: 10.5772/23466. Available from: http://www.intechopen.com/books/soil-erosion-
studies/deforestation-reforestation-in-mediterranean-europe-the-case-of-greece

CONDORELLI, A. and MUSSUMECI, G. (2010). GIS Procedure to Forecast and Manage Woodland Fires
in M. Konecny et al. (eds.), Geographic Information and Cartography for Risk and Crisis
Management, Lecture Notes in Geoinformation and Cartography, DOI 10.1007/978-3-642-03442-
8_7, Springer-Verlag Berlin Heidelberg 2010

DEMIR, M., KUCUKOSMANOGLU, A., HASDEMIR, M., OZTURK, T. and ACAR, H. (2009). Assessment of
forest roads and firebreaks in Turkey. African Journal of Biotechnology. 2009. Vol. 8, No. 18, s. 4553-
4561

DIMOPOULOU, M. and GIANNIKOS, 1. (2004). Towards an integrated framework for forest fire control.
European Journal of Operational Research. 2004, Vol. 152, s. 476-486

GIOVANDO, C, WHITMORE, C., CAMIA, A., SAN MIGUEL, J, BOCA, R., KUCERA, 1J.,
http://www.gdmc.nl/zlatanova/Gi4DM2010/gi4dm/Pdf/p77.pdf (Geospatial support to forest fire crisis
management at the European level - accessible on 16/01/2013)

GLASA, J. (2009). Computer simulation and predicting dangerous forest fire behavior. International Journal
of Mathematics and Computers in simulation. 2009, Vol. 3, No. 2, s. 65-72

GUMUSAY, M. U. and SAHIN, K. (2009). Visualization of forest fires interactively on the internet. Scientific
Research and Essay. 2009, Vol. 4, No. 11, s. 1163-1174

KALABOKIDIS, K., XANTHOPOULOS, G., MOORE, P., CABALLERO, D., KALLOS, G., LLORENS, J.,
ROUSSOU, 0., VASILAKOS, C. (2011). Decision support system for forest fire protection in the
Euro-Mediterranean region. European Journal of Forest Research. 2011, DOI 10.1007/s10342-011-
0534-0

KERAMITSOGLOU, I., KIRANOUDIS, C., SARIMVEIS, H., and SIFAKIS, N. (2004). A Multidisciplinary
Decision Support System for Forest Fire Crisis Management. Environmental Management. 2004.
Vol. 33, No. 2, s. 212-225, DOI: 10.1007/s00267-003-0092-4

LEE, H., LIM, S. and PAIK, H. (2010). An assessment of fire-damaged forest using spatial analysis
techniques. Journal of Spatial Science. 2010, Vol. 55, No. 2, s. 289-301

MANUSSARIDIS, Z., MAMALOUKAS, CH. and SPARTALIS, S. (2007). A VRS Dimension Framework for
Effective DSS Design. Applied Mathematical Sciences. 2007, Vol. 1, No. 42, s. 2079 - 2090

MARTELL, D. (2011). The development and implementation of forest fire management decision support
systems in Ontario, Canada: personal reflections on past practices and emerging challenges.
Mathematical and Computational Forestry & Natural-Resource Sciences. 2011, Vol. 3, No. 1, s. 18-
26, ISSN 1946-7664.MCFNS 2011

MAVSAR,, R., GONZALEZ CABANB, A. and VARELA, E. (2012). The state of development of fire
management decision support systems in America and Europe. Forest Policy and Economics. 2012,
http://dx.doi.org/10.1016/j.forpol.2012.11.009

NOONAN-WRIGHT, E. K., OPPERMAN, T. S., FINNEY, M. A., ZIMMERMAN, T. G., SELI, R. C., ELENZ,
L. M., CALKIN, D. E. and FIEDLER, J. R. (2011). Developing the US Wildland Fire Decision Support
System. Journal of Combustion. Hindawi Publishing Corporation. 2011, Article ID 168473.
doi:10.1155/2011/168473

WYBO, J.-L. (1998). FMIS: A Decision Support System for Forest Fire Prevention and Fighting. IEEE
Transactions on engineering management. 1998. Vol. 45, No. 2, s. 127-131

http://ec.europa.eu/information_society/activities/eten/cf/opdb/cf/project/index.cfm?mode=desc&project_ref
=ETEN-26789%#pastnavigation (European on-line Decision Support System for Forest Fire —
accessed on 14/12/2012)

http://www fire.uni-freiburg.de/inventory/database/EU-Forest-Fires-in-Europe-2011.pdf (Forest Fires in
Europe, Middle East and North Africa 2011, accessed on 07/04/2013).

http://www.iises.net/proceedings/international-academic-conference-rome/front-page 977



