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FOREST FIRE MANAGEMENT IN GLOBAL CHANGE: 
THE PITFALLS OF CURRENT APPROACHES AND 

THE CHALLENGES OF DEVELOPING ALTERNATIVE 
SOLUTIONS

S ummary: As a result of global change, forest fires are becoming more destructive 
worldwide. Climate change is just one of the reasons behind this trend. The 
accumulation of fuel due to the abandonment of rural areas and limited forest 
management, changing people’s attitudes, development of wildland urban interface 
(WUI) areas, inadequate fire prevention and sometimes firefighting deficiencies, are 
also important contributors. In the absence of a deep understanding of the dynamics 
of the problem, most governments resort continually reinforcing firefighting efforts 
by increasing firefighting personnel and resources. However, there are clear signs 
that this approach is not working. Fire behaviour is increasingly reaching mega-
fire levels, and fire disasters, including fatalities, are also increasing in magnitude 
and frequency. An alternative approach to fire management is urgently needed. It 
should be based on a good understanding of the complexity of the forest fire problem, 
approach it holistically and devote more attention and financial resources to fire 
prevention, which should not be limited to technical solutions but should emphasise 
the cooperation with the local population and the development of resilient agricultural 
and forest landscapes and communities. The implementation challenges are manifold 
and will be discussed.

Keywords: forest fire management, global change, fire prevention, resilient 
landscape

INTRODUCTION

Forest fires are a natural phenomenon that plays an important role in most of the 
world’s forest ecosystems, but they can also be a serious natural hazard that can 
lead to major disasters. Fire ecologists have extensively analysed their natural role, 
which differs significantly from forest ecosystem to forest ecosystem, while another 
branch of fire research has focused on their occurrence and significance as a natural 
disaster. Looking at the literature on the history of forest fires over time and other 
scientific literature on the characteristics of fires and the challenges they pose to 
management, it is immediately clear that the occurrence of fires changes over time. 
Indeed, in today’s fast-changing world, there is clear evidence that forest fires are 
an ever-increasing problem around the world. This assertion is first discussed first, 
before focusing on an examination of current management approaches, their likely 
shortcomings and the alternative solutions available.  
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THE EVOLUTION OF THE FOREST FIRE PROBLEM

In recent decades, forest fires have taken up a great deal of space in the newspapers 
and mass media every summer, attracting the attention of the public. Reports of 
large, devastating fires are often accompanied by photos of burnt houses, cars 
and infrastructure, in addition to views of blackened forest landscapes. What is 
particularly worrying is that they are often accompanied by news of fatalities among 
citizens and firefighters. Although, as with other natural disasters, there is scepticism 
that the extensive and quick reporting we have nowadays is largely responsible for 
distorting the view of the true global trends, careful analysis supported by statistics 
and other evidence has shown that the forest fire problem is worsening around the 
globe, although the pace is not the same everywhere (Sullivan et al., 2022). The total 
area burnt is not necessarily increasing (Doerr & Santin, 2016, Turco et al. 2016, 
Jones et al., 2022, San-Miguel-Ayanz et al., 2023) but fire disasters are certainly 
increasing (Salguero et al. 2020, Buechi et al., 2021, Donovan et al., 2023) as a 
smaller number of extreme fire events cause devastation (Royé et al. 2020) and 
are often associated with numerous fatalities (Molina-Terrén, et al., 2019, Haynes 
et al., 2020, Xanthopoulos & Galloway, 2024). Citizens are worried or even angry, 
as they watch the news with awe, often feeling helpless, or they witness the threat 
first-hand in their vicinity, as evidenced by the corresponding content in the mass 
media and social media (Xanthopoulos, 2008). This is reflected in the urgency that 
politicians feel to “do something”, which leads them into the so-called “firefighting 
trap” (Xanthopoulos et al., 2020a). Finally, there have been many cases where forest 
fire disasters have led to the resignation of ministers and possibly even contributed 
to the outcome of elections.

Another recent development of the forest fire problem has to do with the places where 
large fires occur. The European Mediterranean countries, as well as other regions of 
the world with a Mediterranean climate, such as California, parts of Australia, Chile 
and South Africa, used to be most often in the news. However, this has changed in 
recent years as severe fires have occurred in new areas, including parts of central 
Europe and Scandinavia, northern Canada and Alaska, Siberia, Indonesia and the 
Amazon region (Flannigan et al., 2009, Herawati & Santoso, 2011). In short, forest 
fires become a problem in places where they were relatively rare and harmless, while 
they become a major threat in countries where they have been present for a long time. 
Solving the problem is becoming a major challenge for policy makers and societies. 
In many countries this is reflected in significant changes in forest fire management 
in recent decades. 
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Past and present of forest fire management

As the problem of forest fires intensified significantly in the post II World War period, 
increased firefighting became the obvious answer and aerial firefighting rapidly 
increased. The surplus military aircraft used for aerial firefighting in the USA in the 
1950s and 1960s, were soon followed by the Canadian-developed dedicated Canadair 
CL-215 amphibious water bombers, which were used in numerous countries around 
the world from the 1970s onwards (Mosov & Horskyi, 2022). Helicopters, which 
were used sparingly in the 1970s and 1980s due to high costs and limited availability, 
have been the most important tool for fighting fires from the air since the 1990s. 
In the late 1990s, a large and powerful ex-military helicopter, the Sikorsky S-64 
“Skycrane” was converted into a very effective firefighting aircraft, the Erickson 
S-64 Aircrane, which can make a difference in firefighting but at a very high cost. 
The number of available S-64 Aircranes soon increased and they became part of 
the aerial firefighting fleet in many countries around the world. In the last three 
decades, some large well-known passenger aircraft (Boeing 747, McDonnell Douglas 
DC-10, McDonnell Douglas MD-87, Avro RJ85, Ilyushin Il-76, etc.) have also been 
converted to firefighting water or fire-retardant bombers, which carry huge loads 
and promise to extinguish large parts of fires with a single drop of water (Fojtík, 
2019).

At the same time, firefighting on the ground became increasingly important. The 
number of firefighters grew, training improved, professionalism increased, and 
specialised units such as smokejumpers (Sowards, 2010), helicopters, and state-of-
the-art “Type 1” crews were developed (Bramwell, 2008). Firetrucks became larger, 
more advanced and better equipped including provisions for self-protection. Tools at 
hand were improved and new tools were developed. Firefighter safety was recognised 
as extremely important, leading to the development of advanced clothing and other 
sophisticated personal protective equipment (Carballo-Leyenda, et al.  2021).

At the same time, technological developments were introduced at an ever-increasing 
pace. Forest fire spread models, developed through targeted research in the 1970s 
(Rothermel, 1972) were integrated into fire behaviour prediction systems in the 
1980s (Burgan & Rothermel, 1984) and then, formed the basis for spatial fire spread 
simulation systems in the 1990s (Finney, 1998) that continue to evolve (Finney, 2006) 
and became useful tools for fire prevention and suppression. They soon became part 
of advanced computer-based systems that support the disposition of resources and 
the coordination of firefighting (Kalabokidis et al., 2012). Forest fire management 
tools were introduced in the 1950s, and have evolved over time to become another 
important tool in firefighting (Gimenez, 2004). Automatic fire detection cameras, 
and reconnaissance drones, are also among the important tools that have been 
introduced in many countries in recent years (Alkhatib, 2014; Yuan et al., 2015).

All these advancements in firefighting and technology promise to make fire 
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forest management more effective. Manufacturers promote their products with the 
promise that they can make a decisive difference in the effort to control all fires. 
Policy makers and other officials are eager to spend more money with the hope of 
preventing future disasters. Civil Protection is being strengthened everywhere, and 
the focus on firefighting is increasing year after year, especially after catastrophic 
fire seasons. As all of the tools and technologies mentioned above are associated 
with high cost, budgets for fire management are rising sharply in most countries. 
Unfortunately, in spite of the promises, the results are relatively poor and, in some 
cases, even marginal. Amazingly large fires occur nearly every year around the 
world. The average area burnt annually is not decreasing in most countries, and 
sometimes it is even increasing, in spite of the efforts, the equipment and the costs. 
The example of fire management statistics in the USA (1985-2018) is a proof of this 
(Fig 1): the number of fires is decreasing, the area burned is clearly increasing in spite 
of the sharp rise in the cost of firefighting. 

Even more frustrating is the fact that every few years there is disturbing news about 
massive deaths among firefighters and citizens (Haynes et al., 2020; Xanthopoulos 
& Galloway, 2024). Entire countries are facing shocks they were not used to. It is 
clear that the approach taken to date is not producing the expected results and there 
is a strong demand for a solution to what has become a significant problem every fire 
season. Any such solution should be based on a good understanding of the problem, 
avoiding repeating the same measures as before, only on a larger scale. Policy makers 
should remember the saying attributed to Albert Einstein: “The significant problems 
we have cannot be solved at the same level of thinking with which we created them”.

Figure 1. Evolution of the number of fires, the total areas burnt and the cost of suppression in the United 
States of America from 1985 to 2018 (Data source: National Interagency Fire Centre, Boise, ID, USA).
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Why are forest fires getting worse?

In the face of ever-increasing strength of the firefighting mechanisms, their relatively 
poor results can only be attributed to the growing challenges associated with fire 
suppression (Calkin et al., 2015; Tedim et al., 2018). Scientific analyses concur with 
this and agree with numerous testimonies from citizens and firefighters. The main 
reasons cited for deterioration of the situation include: 

1.	 Changes in climate and weather conditions

2.	 Failure to understand the dynamic evolution of forest vegetation and the natural 
role of fire:

o	 Abandonment of rural areas, decline in rural population (Fig. 2), and reduced 
forest management leading to fuel accumulation (increase in fuel loads, 
horizontal and vertical continuity)

o	 Fire suppression effectiveness increases future fuels! (Calkin et al., 2015, 
Kreider et al. 2024))

3.	 Changes  in people’s attitudes

4.	 Development of Wildland Urban Interface (WUI) areas 

5.	 Inadequacies in fire prevention, including policies and regulations (Bouillon et 
al., 2020)

6.	 Potential inadequacies in fire suppression

As a rule, all of the above factors work together and increase challenges and risks for 
firefighters.
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Figure 2. Rural population evolution as a percent (%) of the total population in fourteen 
countries in the Mediterranean, the Balkans and the Middle East. 

(Data source: https://www.indexmundi.com/)

Climate change affects the weather in many ways, and not just through the observed 
rise in trend of the average temperatures. Changes in air, sea and land temperatures 
lead to changes in air circulation patterns, atmospheric profiles, the amount of water 
vapour in the air due to increased evaporation, etc. As a result, extreme weather 
conditions are becoming more frequent. The fire weather is affected accordingly, as 
periods of drought, heat waves with many consecutive days of very high temperature 
and low relative humidity, and days with extremely strong winds often coincide. 
The dryness of fuel combines with the wind. As a result, fires can easily start in the 
landscape, gain speed very fast, and the fire behaviour, both in terms of intensity 
and of rate of spread, becomes extreme very quickly (Jones et al., 2022). Extreme 
behaviour also includes phenomena such as fire whirls, profuse spotting (i.e., the 
creation of new fire starts outside the main perimeter of the fire by embers carried 
by the wind), the development of strong convection columns (Di Virgilio et al., 
2019), etc. Under such conditions, firefighters can do very little and the result is 
large catastrophic forest fires. The term used to describe these fires, is megafire. It 
was coined in the 2000s (Williams et al., 2005) and refers to “fires that exhibit fire 
behaviour that exceeds all efforts to control, regardless of the type, kind or number 
of firefighting resources used”.

How fires spread across the landscape also depends on the quantity and location 
of fuels. Fire suppression policies often tend to ignore the fact that forests, as 
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well as vegetation in rural landscapes, change dynamically as they grow through 
photosynthesis and eventually die. Dead biomass on the ground and in the tree crowns 
does not accumulate forever, but decomposes through the activity of invertebrates, 
such as worms and insects, fungi and bacteria. These microorganisms need a 
good combination of temperature and humidity to work effectively. If the climatic 
conditions in an area do not favour their activity and the rate of decomposition 
is slower than the growth of vegetation, fire is nature’s way of accelerating the 
decomposition of dead biomass and maintaining long-term balance. The elimination 
of fire in forests adapted to frequent fire, leads to biomass accumulation (Stephens et 
al., 2018). In well-managed forests and rural areas, harvesting biomass as a product 
of the land (e.g., timber, agricultural products and animal grazing) helps to maintain 
balance and reduce the likelihood and intensity of fires.

In the last few decades, the rural population, as proportion of the total population 
has declined in most countries around the world. Rural areas are being abandoned 
while younger people are moving to large cities. At the same time, there is a general 
tendency to reduce forest management, as it is less profitable compared to other 
activities such as industry. This leads to an overall accumulation of biomass in the 
landscape in the form of increased fuel loads, which also have increased horizontal 
and vertical continuity, facilitating forest fire start and spread of large intensity forest 
fires that provid firefighting options. Increased firefighting capacity is an attempt to 
control the worsening fire problem. However, this leads to the so-called “fire paradox” 
phenomenon: successful fighting of landscape fires today, if not accompanied by 
effective forest management and agriculture to harvest biomass production, leads to 
further fuel accumulation, and more difficult fires in a few years’ time (Kreider et 
al., 2024).  

The population decline in rural areas is not only affecting the fuels in the landscape. 
As the average age increases, the ability of the local population to work on preventing 
and responding to forest fires, decreases. This includes, for example, lower 
maintenance of rural houses and insufficient control of the vegetation surrounding 
them to defend them in of the event of forest fire. This creates a rural-urban interface 
(RUI) problem, as many traditional villages become high fire-risk areas. On the 
other hand, the expansion of large cities to accommodate the growing population has 
led to the development of new suburbs where houses often come into contact or blend 
with vegetation. Furthermore, new tourist facilities, especially in the Mediterranean 
region, are often surrounded by flammable vegetation. In recent years, numerous and 
extensive “wildland-urban interface areas” (WUI) have been created. Fire risk there 
is very high. It is not surprising that devastating fires have occurred in many WUI 
settlements, sometimes resulting in fatalities. 

All of the above factors contribute to the worsening situation with regard to fires in the 
landscape. Efforts to mitigate the problem should include actions aiming to address 
these factors as part of fire prevention. So far, however, this does not seem to be the 
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case, as shown by the funds earmarked for prevention in most countries compared to 
those spent on firefighting (Fernandes et al., 2020). Furthermore, prevention today is 
often seen as an activity that mainly involves technological means, from computers, 
maps and models to predict fire risks, to satellites, drones and surveillance cameras 
for rapid fire detection. The role of the people, the need to support them with policies 
that help them earn a decent living on the countryside, so that they can continue to 
live there, and the need to educate, mobilise and empower them to participate in 
fire prevention are often ignored. The importance of the existence of a strong and 
active forestry service is also overlooked due to the ignorance of decision-makers in 
some cases to the point of complete abolition, such as with the abolition of the Corpo 
Forestale dello Stato in Italy, in 2017 (Casinghini 2019). 

Finally, there are many cases where firefighting authorities fall short of expectations 
(Fernandes et al. 2016). Although “the effectiveness of forest fire suppression is 
difficult to define, as it can be assessed against different objectives and at a range 
of scales” (Plucinski 2019), and generalisations can be unfair and ultimately invalid, 
there are a number of weaknesses that have been identified in many countries, 
especially where urban firefighters are involved in forest firefighting. Examples 
include: over-reliance on aerial resources to put-out the fires, while it is known that 
in most forest ecosystems final extinguishment has to be done by ground forces; 
aggressive firefighting tactics that do not take into consideration the temporal 
(diurnal) and spatial variations in fire intensity for safer, more effective and efficient 
fire control (Xanthopoulos et al., 2020b); use of larger diameter water hoses that 
are commonly used in urban firefighting but reduce agility in a forest environment 
where the fire spreads rapidly. 

THE WAY FORWARD

With all the above pitfalls of the current approaches, the forest fire problem is 
likely to get worse if not properly addressed. Global change, which encompasses far 
more than just climate change, is likely to increase the current challenges. Existing 
policies to regulate forest fire, which are based on misguided approaches that are 
self-reinforcing, without considering or understanding the roots and dynamics of the 
problem, will only provide a short-term solution (Fernandes et al. 2020). Adapting 
forest fire management to the new reality is necessary, but it will not be easy. There 
are many challenges and barriers for the development of alternative solutions due to 
the complexity of the forest fire problem with its often conflicting environmental, 
technical, social, economic, and political aspects (Rego et al., 2018). Adaptations 
must address the public’s ingrained belief in the currently prevailing fire suppression 
paradigm. They must overcome the influence and invested interests of industries that 
thrive under the ever-increasing paradigm of fire suppression. The social element of 
fire prevention should be promoted at least in par with the technological tools that can 
support fire detection, risk prediction, etc. The various actors should participate in 
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decision-making, including collaboration and coproduction of forest fire policies and 
initiatives at different levels, scales, and networks (Kirschner et al., 2023). The call 
of fire scientists and international organisations, such as the Food and Agriculture 
Organization of the UN, for integrated fire management (ECE & FAO, 2023), which 
includes a strong element of community involvement (Krah et al., 2020), should 
be adopted by public authority’s leaders and politicians. This is a really difficult 
challenge, as they generally favour simple and clear “black-and-white” solutions, 
while fire management requires exactly the opposite. Furthermore, changes must 
not ignore the need of politicians to avoid major disasters during their relatively short 
term in the office, while fire prevention measures are likely to produce results in 
medium to-long term.

The pressure created by increasing fire disasters is influencing the way people 
think (Hartter et al., 2020) and is likely to be the motivation to address the above 
challenges and develop a new paradigm for landscape fire management that responds 
to the new conditions brought about by global change. There is no question that for 
such a complex multifaceted task it is necessary to use the knowledge and advice of 
science, always under the light of realism and practicability. One of these pieces of 
advice, focussing on the Mediterranean-type regions, is provided by Morreira et al. 
(2020) who proposed a change of paradigm. They suggested that extreme forest fires 
should be considered as unavoidable and more focus should be placed on minimising 
the damage they cause. They proposed to move away from using the area burnt to 
measure the impact of fire impacts on complex socio-ecological systems, and to use 
a more detailed multifactorial view for such an assessment. 

The idea of minimising damage entails the need to create landscapes that are more 
resilient to the increasing risk of fire. Special emphasis should be placed on WUI 
and RUI areas in order to reduce the risk of damages there. The development of 
fire resilient landscapes and communities requires synergies between various 
state agencies and relevant stakeholders, working together and mobilising the local 
population (Xanthopoulos et al., 2023). In such landscapes:

•	 Maximum efforts are invested in minimising human caused fires (analysis 
and understanding of fires development, resolution of conflicts and technical 
problems, mobilisation of citizens, improvement of fire detection, maximisation 
of alertness according to predicted fire danger)

•	 Vegetation in agricultural and forestry areas is managed to minimise the risk of 
catastrophic forest fires, while achieving economic benefits to make the efforts 
sustainable and prevent rural population exodus 

•	 Rural (and WUI) population is aware of the risk of fire and takes measures to 
protect themselves (e.g., preparing houses, planning action in case of fire). All 
relevant knowledge is made available to them

•	 Fire suppression is well organised, effective and efficient, and sufficient to protect 
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communities and the environment

•	 There is a fire prevention and protection plan in place, developed jointly with 
relevant local stakeholders, which sets out priorities and action protocols.

CONCLUSIONS

The need to approach the worsening forest fire problem under a different perspective, 
and to strike balance between efforts and funding for fire prevention and suppression 
is obvious. While the latter is quite straightforward, fire prevention is very complex 
and therefore a major challenge. To overcome the challenges, it is necessary to:

•	 Overcome ignorance about the true nature and complexity of the problem 
and promote prevention among the population in parallel to investments in 
technologies (e.g., fire danger forecasting, fire detection, technology-based 
training and dispatching, etc.)

•	 Inform and convince politicians, journalists, etc.

•	 Educate decision-makers in public authorities, who often follow the “business as 
usual” path

•	 Inform, sensitise and train the public; the majority are only interested for 2-3 
years after a fire disaster

•	 Bravely stress not only effectiveness but also efficiency

•	 Limit the appetite of commercial companies to promote their products, by 
establishing criteria for actual need, and supporting decisions with objective cost-
benefit analyses 

•	 Empower those who need to apply the concepts (it is often forgotten that people 
are needed more than machines and that bureaucratic obstacles are often enough 
to null all good intentions)

•	 Foster cooperation at national and international level (sharing knowledge and 
experience, helping each other in difficult moments with firefighters, resources, 
and experts)   

The alternative approach proposed above is more than likely to mitigate the 
current problems, improving people’s resilience and safety while slowing down the 
continuous growth of the fire management budgets around the world. 



Thematic Collection of Articles

280

REFERENCES

 Alkhatib, A. A. (2014). A review on forest fire detection techniques. International 
Journal of Distributed Sensor Networks, 10(3), 597368.

Bramwell, L. (2008). Hotshots: The Origins and Work Culture of America’s Elite 
Wildland Firefighters. New Mexico Historical Review, 83(3), 2.

Buechi, H., Weber, P., Heard, S., Cameron, D., & Plantinga, A. J. (2021). Long-term 
trends in wildfire damages in California. International journal of wildland fire, 
30(10), 757-762.

 Bouillon, C., Coughlan, M., Fernandes, J. R., Amraoui, M., Chamusca, P., Madureira, 
H., & Pereira, M. G. (2020). The relation of landscape characteristics, human 
settlements, spatial planning, and fuel management with extreme wildfires. Extreme 
Wildfire Events and Disasters (pp. 73-90). Elsevier.

 Burgan, R. E., & Rothermel, R. C. (1984). BEHAVE: fire behavior prediction and 
fuel modeling system-FUEL subsystem. Forest Service. General Technical Report 
INT, 167, 1-126.

Calkin, D. E., Thompson, M. P., & Finney, M. A. (2015). Negative consequences of 
positive feedbacks in US wildfire management. Forest Ecosystems, 2, 1-10.

Carballo-Leyenda, B., Gutiérrez-Arroyo, J., García-Heras, F., Sánchez-Collado, 
P., Villa-Vicente, J. G., & Rodríguez-Marroyo, J. A. (2021). Influence of personal 
protective equipment on wildland firefighters’ physiological response and 
performance during the pack test. International Journal of Environmental Research 
and Public Health, 18(10), 5050.

Casinghini, M. (2019). La lotta agli incendi boschivi. analisi metodologica e proposta 
operativa dopo la soppressione del Corpo Forestale Dello Stato. MSc Thesis, 
Universita Politechnica delle Marche.

Di Virgilio, G., Evans, J. P., Blake, S. A., Armstrong, M., Dowdy, A. J., Sharples, J., 
& McRae, R. (2019). Climate change increases the potential for extreme wildfires. 
Geophysical Research Letters, 46(14), 8517-8526.

Doerr, S. H., & Santín, C. (2016). Global trends in wildfire and its impacts: perceptions 
versus realities in a changing world. Philosophical Transactions of the Royal Society 
B: Biological Sciences, https://doi.org/10.1098/rstb.2015.0345

Donovan, V. M., Crandall, R., Fill, J., & Wonkka, C. L. (2023). Increasing large 
wildfire in the eastern United States. Geophysical Research Letters, 50(24), DOI: 
10.1029/2023GL107051.



Thematic Collection of Articles

281

ECE &  FAO (2023). Food and Agriculture Organization of the United Nations 
European Forestry matters: Integrated Fire Management. UN: Economic and Social 
Council, Food and Agriculture Organization. Retrieved on 10 September 2023, from: 
https://unece.org/sites/default/files/2023-10/ECE_TIM_2023_16E.pdf)

Fernandes, P. M., Delogu, G. M., Leone, V., & Ascoli, D. (2020). Wildfire policies 
contribution to foster extreme wildfires. In Extreme wildfire events and disasters 
(pp. 187-200). Elsevier.

Fernandes, P. M., Pacheco, A. P., Almeida, R., & Claro, J. (2016). The role of fire-
suppression force in limiting the spread of extremely large forest fires in Portugal. 
European Journal of Forest Research, 135, 253-262.

Finney, M. A. (1995). Fire growth modeling in the Sierra Nevada of California. 
United States Department of Agriculture Forest Service General Technical Report 
Int, 189-191.

Finney, M. A. (2006). An overview of FlamMap fire modeling capabilities. In: 
Andrews, Patricia L.; Butler, Bret W., comps. 2006. Fuels Management-How to 
Measure Success: Conference Proceedings. 28-30 March 2006; Portland, OR. 
Proceedings RMRS-P-41. Fort Collins, CO: US Department of Agriculture, Forest 
Service, Rocky Mountain Research Station. p. 213-220 (Vol. 41).

Finney, M. A., Sapsis, D. B., & Bahro, B. (1997). Use of FARSITE for simulating 
fire suppression and analyzing fuel treatment economics. In Symposium on Fire in 
California Ecosystems: Integrating Ecology, Prevention, and Management (pp. 17-
20).

Flannigan, M., Stocks, B., Turetsky, M., & Wotton, M. (2009). Impacts of climate 
change on fire activity and fire management in the circumboreal forest. Global 
change biology, 15(3), 549-560.

Fojtí k, J. (2019). Fighting blazes. Aerospace Central Europe. Retrieved on 10 
September 2023, from: https://aero-space.eu/2019/08/12/fighting-blazes/

Gimene z, A., Pastor, E., Zárate, L., Planas, E., & Arnaldos, J. (2004). Long-term 
forest fire retardants: a review of quality, effectiveness, application and environmental 
considerations. International Journal of Wildland Fire, 13(1), 1-15.

Hartter, J., Hamilton, L. C., Ducey, M. J., Boag, A. E., Salerno, J. D., Christoffersen, 
N. D., & Stevens, F. R. (2020). Finding common ground: agreement on increasing 
wildfire risk crosses political lines. Environmental Research Letters, 15(6), 065002.

Haynes, K., Short, K., Xanthopoulos, G., Viegas, D., Ribeiro, L. M., & Blanchi, R. 
(2020). Forest fires and WUI fire fatalities. Encyclopedia of wildfires and wildland-
urban interface (WUI) fires, 1073-1088.



Thematic Collection of Articles

282

Herawati, H., & Santoso, H. (2011). Tropical forest susceptibility to and risk of fire 
under changing climate: A review of fire nature, policy and institutions in Indonesia. 
Forest Policy and Economics, 13(4), 227-233.

Jones, M. W., Abatzoglou, J. T., Veraverbeke, S., Andela, N., Lasslop, G., Forkel, M., 
& Le Quéré, C. (2022). Global and regional trends and drivers of fire under climate 
change. Reviews of Geophysics, 60(3).

Kalabokidis, K., Xanthopoulos, G., Moore, P., Caballero, D., Kallos, G., Llorens, J. & 
Vasilakos, C. (2012). Decision support system for forest fire protection in the Euro-
Mediterranean region. European Journal of Forest Research, 131, 597-608.

Kirschner, J. A., Clark, J., & Boustras, G. (2023). Governing wildfires: toward a 
systematic analytical framework. Ecology and Society, 28(2).

Krah, C. Y., Perdinan, Njume, A. C. & Aminah (2020, May). Refocusing on 
community-based fire management (a review). In IOP Conference Series: Earth and 
Environmental Science (Vol. 504, No. 1, p. 012015). IOP Publishing.

Kreider, M. R., Higuera, P. E., Parks, S. A., Rice, W. L., White, N., & Larson, A. J. 
(2024). Fire suppression makes wildfires more severe and accentuates impacts of 
climate change and fuel accumulation. Nature communications, 15(1), 2412.

Molina-Te rrén, D. M., Xanthopoulos, G., Diakakis, M., Ribeiro, L., Caballero, D., 
Delogu, G. M., & Cardil, A. (2019). Analysis of forest fire fatalities in southern 
Europe: Spain, Portugal, Greece and Sardinia (Italy). International journal of 
wildland fire, 28(2), 85-98.

Mosov, S.,  & Horskyi, O. (2022). Technical aspects of aviation firefighting in 
ecosystems: the experience of foreign countries. Системи управління, навігації та 
зв’язку. Збірник наукових праць, 3(69), 104-111.

Rego, F.C., Moreno, J. M., Vallejo, R., & Xanthopoulos, G. (2018). Forest fires. 
Sparking firesmart policies in the EU. Brussels: European Commission. Retrieved 
on 10 September 2023, from: https://data.europa.eu/doi/10.2777/181450

Rothermel, R. C. (1972). A mathematical model for predicting fire spre ad in wasteland 
fuels. USDA. Forestry Service Research Paper, INT-115.

Royé, D., Tedim, F., Martin-Vide, J., Salis, M., Vendrell, J., Lovreglio, R. & Leone, 
V. (2020). Wildfire burnt area patterns and trends in Western Mediterranean Europe 
via the application of a concentration index. Land degradation & development, 31(3), 
311-324.

Salguero, J., Li, J., Farahmand, A., & Reager, J. T. (2020). Wildfire trend analysis 
over the Contiguous United States using remote sensing observations. Remote 



Thematic Collection of Articles

283

Sensing, 12(16), 2565.

San-Miguel-Ayanz, J., Durrant, T., Boca, R., Maianti, P., Libertá, G., Oom, D., 
Branco, A., de Rigo, D., Ferrari, D., Roglia, E., & Scionti, N. (2023). Advance 
report on Forest Fires in Europe, Middle East and North Africa 2022. Luxembourg: 
Publications Office of the European Union. doi:10.2760/091540, JRC133215.

Sowards, A. M. (2010). “We’re All Kinda Crazy”: Smokejumpers and Western 
Forests. In Oral History Forum d’histoire orale (Vol. 30).

Stephens, S. L., Collins, B. M., Fettig, C. J., Finney, M. A., Hoffman, C. M., Knapp, E. 
E. & Wayman, R. B. (2018). Drought, tree mortality, and wildfire in forests adapted 
to frequent fire. BioScience, 68(2), 77-88.

Sullivan, A., Baker, E., Kurvits, T., Popescu, A., Paulson, A. K., Cardin al Christianson, 
A., & Reisen, F. (2022). Spreading like wildfire: The rising threat of extraordinary 
landscape fires. Nairobi, Kenya: United Nations Environment Programme.

Tedim, F., Leone, V., Amraoui, M., Bouillon, C., Coughlan, M. R., Delogu, G. M, & 
Xanthopoulos, G. (2018). Defining extreme wildfire events: Difficulties, challenges, 
and impacts. Fire, 1(1), 9.

Turco, M., Bedia, J., Di Liberto, F., Fiorucci, P., von Hardenberg, J., Koutsias, N., & 
Provenzale, A. (2016). Decreasing fires in mediterranean Europe. PLoS one, 11(3).

Williams, J. E., Hamilton, L., Mann, R., Rounsaville, M., Leonard, H., Daniels, 
O., & Bunnell, D. (2005). The mega-fire phenomenon: Toward a more effective 
management model. A concept paper. The Brookings Institution Centre for Public 
Policy Education, Washington, D.C. Retrieved on 10 September 2023, from: http://
www.bushfirecrc.com/sites/default/files/managed/resource/mega-fire_concept_
paper_september_20_2005.pdf)

Xanthopoulos, G. (2008). People and the Mass Media during the fire disaster 
days of 2007 in Greece. In Proceedings of the International Bushfire Research 
Conference on Fire, Environment and Society (pp. 494-506). Adelaide, Australia: 
Bushfire Cooperative Research Centre and the Australasian Fire Emergency Service 
Authorities Council (AFAC).

Xanthopoulos, G., Delogu, G. M., Leone, V., Correia, F. J., & Magalhães, C. G. 
(2020b). Firefighting approaches and extreme wildfires. In Extreme Wildfire Events 
and Disasters (pp. 117-132). Elsevier.

Xanthopoulos, G. & Galloway A. (2024). An international perspective on Fatal 
Wildfires. In Ke ndell, A., Galloway, A., & Milligan, C. (Eds.). The Path of Flames: 
Understanding and Responding to Fatal Wildfires (pp. 31-54). Boca Raton, Florida: 
CRC Press.



Thematic Collection of Articles

284

Xanthopoulos, G., Leone, V., & Delogu, G. M. (2020a). The suppression model 
fragilities: The “firefighting trap”. In Extreme wildfire events and disasters (pp. 135-
153). Elsevier.

Xanthopoulos, G., Mauri, E., Plana, E., & Avramidou, E. (2023). Improving landscape 
resilience in the Mediterranean against climate change threats - The “ResAlliance” 
project. In Proceedings of the XIV International Scientific Agricultural Symposium 
“Agrosym 2023”, Jahorina: Bosnia and Herzegovina, 5-8 October 2023. D. Kovacevic 
(Ed.) (pp 800-806). Bosnia & Herzagovina: University of East Sarajevo, Faculty of 
Agriculture. 

Yuan, C., Zhang, Y., & Liu, Z. (2015). A survey on technologies for automatic forest 
fire monitoring, detection, and fighting using unmanned aerial vehicles and remote 
sensing techniques. Canadian journal of forest research, 45(7), 783-792.



CIP - Каталогизација у публикацији 
Народна библиотека Србије, Београд

351.861(082)(0.034.2) 
005.59:351.861(082)
(0.034.2) 351.759.6(082)
(0.034.2)
SMANJENJE rizika od katastrofa [Elektronski izvor]: modeli i prakse na 
međunarodnom i nacionalnom nivou: tematski zbornik radova / [urednici 
Jasmina Gačić, Ivica Đorđević, Mirjana Laban]. - Beograd : Univerzitet, 
Fakultet bezbednosti, 2025 (Beograd : Fakultet bezbednosti). - 1 
elektronski optički disk (CD-ROM) : tekst, slika ; 12 cm

Sistemski zahtevi: Nisu navedeni. - Nasl. sa naslovnog ekrana. - Nasl. 
prištampanog engl. prevoda: Disaster risk reduction: models and practices at 
international and national level: thematic collection of articles. - Tiraž 100. - 
Bibliografija uz svaki rad.

ISBN 978-86-80144-69-6

а) Безбедносни сектор -- Зборници б) Ванредне ситуације -- Управљање -- 
Зборници в) Управљање ризиком -- Безбедносни аспект -- Зборници

COBISS.SR-ID 166444297

https://doi.org/10.5281/zenodo.15227531


	First pages.pdf
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page




