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Abstract

Wildfires of high severity can have profound implications on natural and human environment 
affecting the quality of life; the health of living beings; and the prosperity of any society. Consequently, 
specific strategies, tactics and techniques should always be adopted for the alleviation of this critical 
phenomenon. Hence, the aim of the paper is the review of the most common geoinformatics-based 
techniques contributing to an integrated fire analysis through four pillars. The first one is related with 
the fire exposure on the ground, primarily analyzing the fire susceptibility in terms of fire risk and 
burn probability maps; The second one examines the fire effects on the most critical ecological and 
anthropogenic resources and infrastructures. The third pillar combines two effective geospatial tools 
supporting the wildfire prevention and suppression, such as the visibility analysis for early detection 
of fire hotspots and the network analysis for strategic and operational planning of fire events. Last, 
the Earth-Observation module, through the spatiotemporal monitoring and prediction of land use 
changes, permits the planners to evaluate the underlying pressures (fires, urbanization) against forests 
developing the appropriate planning guidelines. In the meantime, new perspectives emerge. Novel 
machine learning algorithms and remote sensing data techniques are expected to improve the fire  
risk/probability credibility enhancing the more precise identification of fire effects to any resource.  
The integration of specific geographic criteria (e.g. topography, accessibility) and programming 
techniques (e.g. maximizing the visible area) to visibility analysis would empower the immediate fire 
detection. New technologies such as the adoption of drones would be a cost-effective tool for quick 
retrieval of vital geo-data. Network analysis could propose financially and environmentally efficient 
location schemes of fire agencies and resources.
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Introduction

Wildfires of high severity can have profound 
implications on natural and human environment [1-
7]. Two of the most catastrophic wildfires recorded 
lately have immensely affected the natural and the 
anthropogenic/built environment. The first one 
happened in Amazon strongly affecting the endemic 
flora and fauna, whereas the second one occurred in 
Greece killing dozens of people and destroying the 
residential web [8]. Climatic and economic factors tend 
to be the main drivers of such events [9-10].   

Pechony and Shindell [11] mention that the most 
important driver of forest fires before industrial period 
used to be the amount of precipitation, whereas the 
most contributing factor seems to be the temperature 
in a future climate. The last conclusion comes to be 
confirmed by the climate change effect and the predicted 
global warming. Hence, the impacts of global warming 
may be prominent, since as the temperature increases 
(or projected to be increased) so as the wildfire activity 
in terms of longer fire season and more catastrophic fire 
events (increased fire severity, duration and frequency) 
[5]; [12-13]. Similar climate trends are expected for the 
Mediterranean countries including more extensive parts 
of the entire EU [14]. Even though a very small fraction 
of wildfires (less than 5%) is accountable for the greatest 
burned area, those events are essential uncontrollable 
despite every possible effort (in terms of financial or 
human force/fire machinery perspective) [12]. One 
more critical aspect of this phenomenon is related with 
air pollution and the corresponding effects on human 
and animal health. Forest fires emit a great amount of 
carbon each year which is estimated to 40% of total 
fossil fuel carbon emissions [12] and approximately 3% 
of the total tropospheric ozone [15].

In a lower geographic scale, in the Mediterranean 
basin, there are some ecosystems that are successfully 
adjusted to forest fires and can be characterized more 
resilient (shrubs, oak forests), while others (pine forests) 
are quite vulnerable. In this context, high rates of 
erosion have been recorded, especially when fire events 
of high severity take place [16].   

Finally, the large economic cost derived from 
wildfires should not be ignored. Indicatively, the last 
enormous wildfire in California killed 88 people and 
affected 18,500 artificial entities. Hence, the total 
financial cost yielded to 24 billion $ including the 
firefighting mission costs and the impacts to buildings 
and infrastructure [17], without considering the hidden 
economic impact to human health which is translated 
to 9.5 $ as the cost of illness per person for each day 
during the forest fire event [18].  

For all the above reasons which affect all the living 
beings from local to global environment, specific 
strategies, tactics and techniques should always be 
adopted for the alleviation of this critical phenomenon. 
Hence, the aim of the paper is the review of the most 
common geoinformatics-based techniques contributing 

to an integrated fire analysis. The scientific literature 
gives great importance on four distinct fields. The first 
one is related with the fire exposure on the ground, 
primarily analyzing the fire susceptibility in terms of 
fire risk and burn probability (BP) maps. The second one 
examines the fire effects on the most critical ecological 
and anthropogenic resources and infrastructures. The 
third field combines two effective tools supporting the 
prevention and suppression of forest fires, such as the 
visibility analysis for early detection of fire ignitions, 
and the network analysis for strategic and operational 
planning of fire events. Finally, the Earth-Observation 
module, which accounts for the spatiotemporal 
monitoring and prediction of land use changes, provides 
the planners with the appropriate tools to restrain the 
dominant forces (e.g. fires, urbanization) acting against 
forest ecosystems. The integration of all the above 
modules into a fire analysis framework may provide 
the appropriate strategy, tactics and measures for the 
prevention of disastrous fire events and the protection of 
ecological and cultural wealth.     

Risk Assessment and Fire Management 
Framework

The development of an integrated theoretical 
framework that would feed the decision makers with 
necessary information may be composed by four 
discrete but quite interrelated pillars. 

The first one constitutes the exposure analysis, as 
referred by several authors [19-20], which describes 
and analyzes the interaction of fires within any given 
territory. This process may include the fire risk 
identification based on surface features and fire modeling 
which is further divided to fire propagation and BP 
estimation. The output of this module may feed the next 
one, called effects analysis. The primary characteristics 
of effects analysis incorporate the collection of data 
and mapping concerning the resources at risk as well 
as the estimation of resource response to fire effects 
[19-21]. After the completion of these two modules, we 
will be able to recognize the most vulnerable regions 
and establish the respective protection priorities. The 
outputs of these modules in turn would feed the design 
and recommendation of the most appropriate prevention 
and suppression measures (fire management). Among 
them, two of the most cost-effective tools consist of 
visibility analysis which tries to achieve an efficient 
spatial scheme of observatories in order to detect any 
fire event timely. Another efficient measure constitutes 
the network analysis which can be exploited for 
strategic and operational purposes. The latter module 
could calculate the best routes between any fire vehicle 
and hotspot and could be used for the development of 
an effective location scheme for fire agency vehicles. 
Finally, the Earth Observation module has a more 
indirect effect. Monitoring the spatiotemporal evolution 
of land use changes, we may recognize the primary 
drivers that led to this effect, providing the opportunity 
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to establish a planning framework to mitigate or reverse 
any economic pressure (urbanization; tourism etc.) 
which evolves in the expense of natural environment.

Fig. 1 illustrates the dimensions of a comprehensive 
fire analysis and the derived measures that comprise 
parts of those modules, whereas the Table 1 summarizes 
the primary fire modules and the analysis components 
accompanied by recent key sources.

Results

Exposure Analysis through Forest Fire Risk 
and Burn Probability

The estimation of forest fire risk and burn/fire 
probability constitute two significant pillars of fire 
prevention. The first process is usually related with the 
integration of many critical inputs through geographical 
information systems, experts’ systems and statistical 
evaluation of impact for each contributing factor. 
The burn/fire modeling is based on the appropriate 
handling of these inputs employing probabilistic and 
deterministic sub-modules.

According to Parisien [22], BP maps may provide 
the essential information to locate the most susceptible 
regions suggesting the most appropriate preventative 
measures (adjusted to local characteristics). In the 
same context, spatial planning directions should 
be adopted beforehand, promoting the sustainable 
development of any region and securing the human 
integrity and protection of ecological and cultural 
assets. Consequently, certain factors should always be 
taken into consideration (fire history; geomorphology; 
climatic conditions), since these factors form the spatial 
pattern of BP and the estimated severity. As such, fire 
managers might be able to recognize specific regions 
where potential fire events may surpass the current 
initial attack forces, or regions rich of natural elements 
which might play a decisive role in fire propagation 
(natural barriers, such as water or rocky surfaces etc.).

Eugenio et al. [23] developed a forest fire risk map 
combining the Geographical Information Systems 
(GIS) and the Analytical Hierarchy Process (AHP). 
The primary inputs were based on several natural 
and artificial factors. Specifically, they created the 
meteorological maps through a series of spatial 
interpolation techniques (Exponential/Spherical Kriging 

Fig. 1. Indicative modules and submodules for an integrated fire analysis.

Table 1. Summary of fire analysis modules and primary sources.

Fire module Analysis Key Sources

Exposure Analysis Fire risk [23]; [24]; [25]; [26]; [27]; [28]; [29]; [71]; [72]; [73]; [89]; [90]; [91]; 

Exposure Analysis Simulation modeling [21]; [22]; [30]; [31]; [32]; [33]; [34]; [37]; [69]; [70]; [92]; [93]; [94]

Effects Analysis Fire effects [19]; [21]; [35]; [36]; [37]; [38]; [39];  [42]

Fire Management Visibility analysis [24]; [43]; [44]; [45]; [46]; [47]; [48]; [49]; [81]; [95]; [96]

Fire Management / Emergency 
Response Network analysis [51]; [52]; [53]; [54]; [55]; [56]; [57]; [58]; [59]; [60]; [61]; [62]; 

Earth Observation Land uses monitoring [63]; [64]; [65]; [66]; [67]; [68]; [88]; [97]



Sakellariou S., et al.5426

Interpolation). These climatic indices described the 
precipitation, evapotranspiration, water deficit and 
average temperature. Next, geomorphological maps 
have been included in fire risk analysis through the 
development of thematic maps describing the slope, 
elevation, aspect, land use and proximity to road 
network. The AHP has been used for the weighting 
process of each factor and the final fire risk map 
was overlapped with historic fire data for validation 
purposes. Sivrikaya et al. [24] created a fire risk map 
considering the factors that are conducive to forest 
fire ignition and propagation. These dimensions were 
related to forest fuel types, crown features as well as 
the development stage of forests. They calculated the 
topographic indices (slope and aspect) and the impact 
of human factor (especially in fire ignition) through 
the delimitation of proximity zones to roads and towns 
settlements as well as to agricultural fields. Finally, 
they combined the integrated fire risk map with the 
visibility analysis, so that they can efficiently cover 
the most vulnerable regions through the proposal of 
best location scheme of watchtowers. Sakellariou et 
al. [25] determined the spatiotemporal evolution of 
forest fire risk in a small island (Fig. 2a), based on the 
impact of topography, human intervention (e.g. land 
use change), vegetation and moisture status indices 
(Normalized Difference Vegetation Index – NDVI; 
Normalized Difference Moisture Index – NDMI). In 
this context, they proceeded to a comparative analysis 
of AHP and Fuzzy-AHP weighting schemes to select 
the most representative one. Finally, they performed  

a geostatistical analysis of fire risk to estimate the 
potential transmissibility of fire. Amalina et al. [26] 
proceeded to the fire risk estimation exploring the 
impact of similar factors and highlighted the higher 
relative significance of natural factors compared 
to anthropogenic ones (based on real fire history). 
In another context, Gabban et al. [27] adopted a 
differentiated approach for the estimation of fire 
risk. Collecting periodic satellite data of low spatial 
(high temporal) resolution, they created an index that 
associates the NDVI with its minimum and maximum 
values per day in the long run. This index was totally in 
line with the real fire history data.  

On the other hand, Kant Sharma et al. [28] developed 
two fire risk maps based on differentiated techniques, 
namely, the Crisp and Fuzzy AHP of knowledge-based 
factors (fuels types and density; topography; proximity 
to anthropogenic structures) in order to alleviate the 
uncertainty inherited in fire modelling. In the same 
context, Vadrevu et al. [29] combined the AHP and 
Fuzzy logic capabilities in order to create the integrated 
fire risk map introducing additional (socioeconomic) 
factors that may affect the susceptibility of any region 
to fire risk, such as the density of population, the land 
uses competition in favor of agriculture, the education 
level etc. 

Carmel et al. [30] developed a fire susceptibility map 
based on simulation modeling. They used the Farsite 
fire growth simulation model incorporating the most 
contributing factors (topography, fuels, climatic data, 
fire ignitions data etc.). The cumulative result of the 

Fig. 2. a) Estimation of fire hazard in Skiathos island, Greece (Adapted from [25]), b) Estimation of burn probability in Thasos island, 
Greece (Adapted from [53]).
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simulations produced a fire risk map highlighting the 
distinct impact of key dimensions (e.g. fuels, topography 
etc.). Similarly, Arca et al. [31] developed fire risk and 
probability maps assessing Farsite performance in 
different weather scenarios.  

Other researchers estimated the BP due to wildfires 
as a proxy of fire risk (Fig. 2b). Parks et al. [32] 
explored the effect of three factors to BP, namely, the 
spatial pattern of historic ignitions, the fuels structure 
and the geomorphology. Stockdale et al. [33] examined 
the impact of differentiated fire management measures 
(i.e. intensive fire suppression, replacement of fire-
sensitive fuels with fire-resistant ones) to BP, indicating 
the decreased fire susceptibility in the treated areas. 
On the other hand, Scott at el. [34] exploited the fire 
simulation through the determination of BP and fire 
severity in order to quantitatively estimate the fire risk 
in inhabited regions. The simulation modeling outlined 
the fire-affected area as well as the number of fire 
events approaching inhabited regions. 

Fire Risk Assessment – Integration of Exposure 
and Effects Analysis

Fire risk assessment and management may be 
considered a process for an integrated fire prevention 
through the evaluation of fire risk and the adoption 
of the necessary measures. There are a few studies 
dealing with this framework. Some prototype projects 
combine the fire simulation results and the estimation 
of fire effects to natural and cultural assets. These 
projects [19, 35] associate the determination of fire 
risk through the mapping of BP, and the estimation of 
fire effects through the fire severity on any natural or 
cultural asset. Hence, experts’ systems are used for the 
estimation of asset reaction to any level of fire intensity. 
Finally, the estimated change of any asset is calculated 
through the sum of BP multiplied by the reaction factor 
of the corresponding fire severity level. The results of 
an estimated positive or negative change for each asset 
would allow the fire managers and land use planners to 
establish the priority levels, strategies and appropriate 
preventive measures (e.g. land use restrictions etc.) 
for the comprehensive protection of natural and 
anthropogenic ecosystems [19, 36].

In a similar context, Massada et al. [37] explored 
the fire vulnerability of the Wildland Urban Interface 
focusing on the existing buildings located in the study 
area. They calculated the BP based on two scenarios. 
The first one incorporated the normal meteorological 
conditions (weather history), while the second one 
simulated the fire events when extreme meteorological 
conditions occur. In the same context, they associated 
the BP with the underlying land cover. Hence, they 
determined the fire risk of any artificial entity and 
land cover based on the local characteristics (types 
and spatial structure of fuels; climatic conditions; fire 
history etc.). Finally, they compared the magnitude of 
loss for the artificial structures and land cover for both 

scenarios, so that they are able to develop the respective 
fire strategies and tactics in any case. 

Other studies limit the scope of fire effects 
examining the wildfire fire impacts directly on forest 
types features [38-39], soil [40], cultural resources 
[41], or the detrimental effects on human health due to 
released smoke [42]. 

Fire management 

Visibility Analysis

Visibility analysis constitutes a significant fire 
prevention tool that focuses on the immediate detection 
of any forest fire event. Pompa-García et al. [43] 
proposed a network of observatories for forest fire 
prevention taking into account the surface topography 
and the underlying land cover (for the establishment 
of the corresponding priorities). In a similar context, 
Sakellariou et al. [44] developed a visibility model 
aiming to the minimization of watchtowers locations 
and the maximization of visibility reducing the 
overlapping effect (Fig. 3). Beyond the elevation and 
land cover data, they used a number of certain points 
located at the ridges of an island. The comparative 
assessment of visibility potential and overlapping effect 
of different groups of locations revealed that beyond a 
certain number of given positions, the added value of 
visibility is negligible. Hence, the proposal of additional 
watchtowers would be an unrealistic scenario increasing 
disproportionally the financial resources.  

In another project, Eugenio et al. [45], before the 
visibility analysis, they limited the number of candidate 
locations through a series of geographic operations. In 
detail, they initially extracted points across the ridgeline 
of the study area; they created the land use images 
through the processing of satellite images; afterwards, 
they combined the previously calculated points with 
the appropriate land use (removing points falling 
inside unsuitable ground); next, they calculated distinct 
proximity zones to road network (for accessibility 
purposes). After the integration of all above layers, they 
performed visibility analysis of the highest points and 
selected the group with the highest average visibility 
and lowest number of positions.

On the other hand, Bao et al. [46] exploited the 
visibility analysis and spatial optimization models 
in order to determine the optimal number and the 
most appropriate locations for the establishment of 
observatories. The first model involved the coverage of 
the entire study area (in terms of visibility) meeting the 
requirement of financial minimization of the suggested 
investment, whereas the second model required the 
maximization of coverage based on specific financial 
thresholds. To achieve this, they combined integer 
programming and genetic algorithms. The second model 
proved to be a more efficient and feasible solution. 

Meanwhile, several other researchers have used 
a series of programming algorithms (e.g. heuristics; 
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sweep, genetic and spatial simulated annealing 
algorithm) for the optimization of visibility results 
and the reduction of time processing of massive data  
[47-49].   

  
Network Analysis and Spatial Optimization 

Techniques

The cornerstone of network analysis constitutes the 
Dijkstra’s algorithm [50] which calculates the shortest 
path between two given points. Hence, the network 
analysis has been applied to numerous practical and 
research problems with emphasis on the peculiarities of 
road (or other type) networks [7].

Kai et al. [51] developed a management system 
for emergency response focusing on the minimization 
of route between the centre and the location of the 
respective incident. That system was based on the 
integration of Dijkstra’s algorithm into GIS (simulating 
a process of geocoding of graph theory and the 
implementation of Dijkstra’s algorithm) which provides 
all the necessary spatial and attribute information. 
In this context, there is place for additional critical 
parameters (traffic, one-way restrictions) to be 
integrated in such systems.

Sakellariou et al. [52-54] developed Spatial Decision 
Support Systems for immediate initial attack of forest 
fires events. The concepts focus on the strategic 
and operational planning of fire-agency resources to 
minimize the possibility of expansion of detrimental 
fires. The establishment of differentiated spatial 
schemes were adjusted to find the optimal locations 
for the temporary parking of fire vehicles based on 
the population dynamicity (primarily focusing on the 
Wildland Urban Interface regions) (Fig. 4a) and the 

wildfire likelihood (Fig. 4b). Additional projects [55-58] 
aimed to the strategic planning of the most appropriate 
locations in order to meet certain criteria (financial cost 
minimization; conjunction of appropriate mix of forces 
for the minimization of escaped fires etc.) integrating 
simulation modeling and programming algorithms. In 
the same context, Kalabokidis et al. [59] designed an 
online forest fires management system incorporating 
multiple modules of coordination and human force 
management. Hence, they could estimate the optimal 
route between the fire incident and any point of interest 
(current location of fire vehicle; water tank etc.) 
presenting a certain number of alternative routes. This 
information system is supported by additional modules, 
such as the module of meteorological conditions (short 
term weather forecast), the fire risk and the fire behavior 
module. Chevalier et al. [60] developed a model 
for the spatial optimization of emergency response 
services (incidents related to medical or fire brigade 
services). The authors tried to find the best positions 
through location-allocation analysis in order to cover 
the majority of incidents within a predefined time of 
response. Hence, they computed the optimal minimum 
locations which cover the 90% of all incidents within 
8 minutes with the integration of integer programming 
and GIS. The second part included the optimization of 
the number of human forces in the previous locations 
with the contribution of hypercube queuing model. This 
model defines the number of people required per type 
of incident in the nearest facility, otherwise, it proceeds 
to the second-best solution etc. Similarly, Murray [61] 
exploited spatial optimization techniques in order 
to increase the functional and financial efficiency of 
the fire services location scheme. Thus, he developed 
different model versions aiming to the maximization of 

Fig. 3. Visibility analysis for immediate fire detection in Thasos island, Greece (Adapted from [44]).
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coverage and minimization of required facilities [53], 
so that the 90% of incidents to be approached within 5 
minutes from any optimal position [61].    

On the other hand, Indriasari et al. [62] studied the 
maximization of service area of emergency facilities 
within 4 minutes involving 3 optimization algorithms, 
namely, the genetic algorithm, tabu search and 
simulated annealing. The criteria for the candidate sites 
were based on the proximity to pre-existing facilities, 
primary road network and water utilities. Tabu search 
algorithm proved to be the most efficient, followed 
by the genetic and simulated annealing algorithms.  
It should be noted that all the algorithms yielded a 10% 
greater service area than the current location scheme of 
fire stations.  

Earth Observation Module – Monitoring 
of Land Use Changes 

The spatiotemporal monitoring of land use changes 
is of crucial importance, since it permits us to evaluate 
the pressures against forests [25]. In general, the most 
dominant pressures consist of urbanization (including 
the transformation of forest to agricultural land) and 
forest fires. These forces may drastically alter the forest 
environment and ecosystems. This type of analysis 
allows decision makers and planners to establish the 
appropriate measures to counterbalance a dominant 
trend against the natural environment. Hence, several 
methods of land use monitoring have been applied 
worldwide.

Before proceeding to the determination of 
land use changes through time, reliable land cover 

classification constitutes a pre-requirement. To this end, 
several authors have used object-based classification 
through the combination of high and moderate spatial 
resolution satellite images [63-64]. Another method 
for the evaluation of land cover classification is the 
comparative analysis of robust classifiers, such as the 
Artificial Neural Network (ANN), the Support Vector 
Machine (SVM) and the Maximum Likelihood (ML) 
as conducted by Srivastava et al. [65] who indicated 
the best performance of ANN which is then applied for 
change detection purposes.

In another context, Deng et al. [66] used satellite 
images (SPOT) of high spatial resolution in order to 
monitor the land use and landscape changes. After 
the integration of ancillary data (DEM) for the 
classification improvement, the authors applied the 
Principal Component Analysis for each pair of images 
for the easier discrimination of land use changes. Next, 
a two-phase classification took place, performing an 
unsupervised and a supervised classification (maximum 
likelihood algorithm). The validation of results was 
confirmed by the overall, user and producer accuracy 
as well as by the kappa coefficient. Finally, the authors 
adopted a series of spatial metrics in order to determine 
the types of landscape changes.  

Halmy et al. [67], beyond the historic monitoring 
of spatiotemporal land use changes, they proceeded to 
the prediction of land use transformation. Hence, they 
initially conducted the classification of historic Landsat 
images exploiting the capabilities of random forest 
algorithm. For validation purposes, several indices 
were used such as confusion matrix, commission and 

Fig. 4. a) Suggested firefighting location scheme for immediate reaction based on population size (Adapted from [52]), b) Suggested 
firefighting location scheme for immediate reaction based on wildfire likelihood (Adapted from [54]).
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omission errors, kappa statistics. Next, the matrix of 
change detection has been constructed and finally, 
they proceeded to land use forecast through Markov 
– Cellular Automata model, considering any certain 
restrictions and factors (due to the nature of land 
use itself, e.g. water bodies). Similarly, Hegazy and 
Kaloop [68] studied the evolution of land use changes 
focusing on urban growth and the intense consumption 
of rural land. The authors proceeded to a two-phase 
classification of historic Landsat images, namely, an 
unsupervised classification (a first separation) and 
a supervised classification based on the maximum 
likelihood algorithm. The normal validation (based 
on real land use data) and change detection (matrix of 
changes) techniques took place. Finally, they predicted 
the land use changes in the near future through the 
Markov-chain model.  

Discussion and conclusions

The review revealed some very interesting 
conclusions. As an initial preventative measure, the 
estimation of BP may provide valuable information for 
fire managers and decision makers. Some representative 
examples may include: the monitoring of spatiotemporal 
evolution of BP when a significant change(s) occurs 
in any crucial factor (e.g. treated fuels etc.); the 
estimation of high vulnerability of Wildland Urban 
Interface and the recommendation of the essential 
preventative measures, e.g. through fuel treatments [69]. 
However, BP modeling should be used with caution and 
adjustment to very real conditions. For instance, Braun 
et al. [70] concluded that the default settings of Burn-P3 
modeling overestimated the BP compared to the actual 
BP based on the local conditions. Regarding fire risk 
maps, the advent of improved and more sophisticated 
artificial intelligence algorithms (e.g. artificial neural 
networks etc.) may significantly increase the reliability 
of the correct determination of fire-prone areas [71-73]. 
In addition, some factors that participate in fire risk 
estimation (social and demographic ones) should be 
more carefully examined, since there are no concrete 
arguments supporting the definite contribution to fire 
risk. 

One other perspective constitutes the conjunction of 
burn/fire probability/modeling with the fuel treatments 
projects in order to reduce future high intensity 
wildfires [74-77] protecting the fragile natural and 
building environment from extensive damages and 
saving valuable resources that would be required for the 
full restoration of any affected region [78].     

From a strategic point of view, the integration of 
exposure and effects analysis constitutes a valuable 
process. However, one of the most important steps 
is the detailed recording and mapping of resources. 
Remotely sensed data may provide a cost-effective 
process of data retrieval, especially in developing 
countries where the cost of data acquisition may be too 

high. Another perspective is the implementation of this 
type of analysis in a lower spatial scale (e.g. prefecture) 
integrating the fire planning to spatial planning. This 
process would activate the establishment of priorities 
for certain resources in case of fire events, allowing the 
more rational fire breaks planning and the determination 
of the most suitable evacuation routes, especially in the 
Wildand Urban Interface [79] where many people have 
lost their lives and property. Definitely, this process 
requires the close collaboration of all the involved 
agencies. 

Concerning visibility analysis as a fire prevention 
measure, it should be noted that there are few studies 
dealing with the optimal establishment of watchtowers. 
One potential reason for this is the inherent difficulty 
for finding the optimal number and location of the 
appropriate positions, especially in regions with 
intense relief, since the entire process demands a 
significant number of iterations (i.e. calculating the 
visibility potential) for a limitless number of candidate 
points. Even though programming techniques could be 
adopted for the estimation of individual visibility for 
each potential location, there is an important level of 
difficulty in overlapping effect if no specific geographic 
hypotheses take place (avoiding unnecessary iterations 
for points with no meaning, e.g. rocky locations or 
inside a water surface etc.). The proposal of new 
algorithms for the reduction of candidate points is still 
underway [80-81]. 

Another promising field is related with the adoption 
of unmanned aerial vehicles to forest fire prevention 
providing the necessary information timely (e.g. 
immediate fire detection); saving valuable resources 
(e.g. due to expensive high spatial and temporal 
resolution remotely sensed data); increasing fire 
monitoring in inaccessible regions without putting the 
life of any person at risk. This literature gap is starting 
to be filled [82-87]. 

The network analysis module should work as an 
online system functioning in real time. Hence, initial 
attack process should be optimized saving valuable time 
in fire management. However, it can be easily exploited 
for strategic purposes determining the most appropriate 
locations for the fire vehicles based on fire susceptibility 
and/or population dynamicity [52-53]. This process may 
examine the effectiveness of the current location scheme 
of fire agencies, and if it is not optimal, to propose other 
solutions that maximize environmental protection and 
minimize the invested financial resources in the long 
run [61].

The Earth-Observation module for monitoring the 
land use changes constitutes another pillar of spatial 
planning. The historic evolution of land uses may 
permit land use planners to develop planning guidelines 
in order to invert forces which may degrade the natural 
environment in the long run. With the same tools, we 
may create maps of changes recording and quantifying 
the extent of destructive events. This last process would 
allow establishing updated spatial plans safeguarding 
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the affected environment from any anthropogenic 
activity (illegal livestock, agriculture etc.) in favor of 
short-term economic prosperity. To this end, spatial 
planning must strictly delimitate the development 
boundaries within appropriate territory ensuring the 
sustainability of natural environment and the constant 
provision of high-quality ecosystem services [88]. 
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