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Abstract

:

There is a widespread perception that every year wildfires are intensifying on a global scale, something that is often used as an indicator of the adverse impacts of global warming. However, from the analysis of wildfires that have occurred in the US, Canada, and Mediterranean countries, a trend that justifies this perception could not be identified. Arguably, instead of blaming climate change, research on the mitigation of wildfires should be re-directed to forest management policy and practices. Forests are admirable and complex natural ecosystems, and fires, albeit devastating, can be attributed to both human activity and to natural processes that contribute to their rebirth, with the latter constituting an intrinsic and perpetual process of the forest ecosystem. Other than their important ecological value, forests are, in the 21st century, also a capital resource, for many people’s livelihoods depend on them. In this study, we proposed a method for taking mitigation measures against wildfires based on the partitioning of forests, considering both the protection of the ecosystem and the inhabitants and aiming to utilize their co-dependent nature for the general protection and preservation of forests. As a case study, we analyzed the current devastating fire in Euboea (occurred in August 2021), initially in terms of the spatio-temporal progression of the actual wildfire that lasted several days and then by examining how an implementation of the proposed method in the study area could contribute to both the recovery of the ecosystem and the enhancement of the quality of life of the inhabitants as well as their long-term protection.
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1. Introduction


Fire is not an unexpected phenomenon that can be solely attributed to human activity [1] but a process that also occurs naturally since, in many cases, it is considered a necessary mechanism for the rebirth of forests [2]. Therefore, we have to expect fires. Several large wildfires have occurred worldwide in recent years and have been given international publicity. These fires are often used as an indicator of climate change [3]. However, are fires worse than before? Are we defenseless against future natural hazards that are beyond mitigation, or is there room for improvement in forest management policy and practice?



Wildfires affect ecosystems and inhabitants. A common perception is that in recent years, fires and their impact have increased. However, Section 2 presents data analyzed by the broken line smoothing (BLS) model [4], which do not confirm this perception in general. Therefore, forest fires are a phenomenon with which we have to co-exist, and thus we must explore ways to face it.



Section 3 describes the phenomenon of fire and different ways of dealing with it. We can distinguish them as mitigation (firefighters, fire planes) and prevention measures. As we observe a systematic weakness of the mitigation methods to control the fire, we focus on related studies which propose a different approach based on precaution (prevention), with measures focusing on land uses [5,6,7] and alternative forest management.



Section 4 describes the effects of fire, looking not only at the obvious (e.g., the destruction of the natural environment) but also at the impact of the phenomenon on the prosperity and cohesion of local communities.



Section 5 describes clustering as a growth process giving relative examples. In turn, it describes how partitioning (de-clustering) can be seen as a protection process showing examples of its quantification and its application to forest areas.



Section 6 examines the case study of the fire that occurred in the period of 3–11 August 2021 in Euboea, Greece. The general characteristics of the fire are explored, its evolution in time and space is illustrated, and the characteristics of the event are quantified. In the same section, the effects of the fire, including the negative impacts for occupation in local communities, and the zone that stopped the fire are described. This section also highlights a historical example of a land-use change that eventually created the zone that stopped the recent fire and illustrates how forest partitioning could be helpful to control fires.



Section 7 approaches a formula for a recovery method. As a general feature, it is demonstrated that local communities have suffered terrible damage by losing their wealth which was dependent on the burnt areas. They are characteristically referred to as “immigrants” within their own property and land. In order to overcome this issue, a redistribution of the land is proposed which could be a field of new wealth-generating activity for the inhabitants, while it could also be a new measure of protection through forest partitioning. At the same time, people require fast new infrastructures and development; therefore innovative technological solutions (such as 3D printing) that could be implemented to construct the required infrastructures for development in a short time are discussed.



The conclusions of Section 8 argue that the proposed method of forest partitioning is feasible and, with appropriate policy interventions (redistribution of the land), it can provide a solution to forest protection as well as to the cohesion of local communities on the basis of the principle of “endogenous productive reconstruction” [8,9,10]. However, further research is needed on the specifications of the design of the new land uses.




2. Inspecting Time Series of Fires


In August 2021, an alarming UN report blamed human activity for “unprecedented” changes to the climate [11]. Fires have been used as an indicator of climate change, with different studies arguing that fires have the trend to be more destructive every year [12,13,14,15]. Data from National Interagency Fire Center USA [16] (1983–2021) also confirm this trend (Figure 1). However, the reconstruction of time series between 1926 and 1970 using available data from the library of USA Genus Bureau [17] allowed us to see that the positive trend was not verified. On the contrary, in other countries, such as Canada, a decreasing trend is observed between 1920 and 1960 and between 1980 and 2020, while an increasing trend of burnt areas is observed between 1960 and 1980 (data adopted from [18,19]) (Figure 2). In addition, another interesting observation is that the trend of the number of fires and the trend of burnt areas are not always of the same direction or magnitude.



Other time series, adopted from European Mediterranean countries (Portugal, Spain, France, Italy, Greece) [20] (Figure 3), showcase that burnt areas from wildfires decreased during the 1980–2016 period and that the number of fires shows a high fluctuation with no obvious trend and with only an increasing trend from 1995 to 2005.



In order to study the burnt areas in Greece, we collected data from the Hellenic Fire Service (HFS) (2000–2021) [21], Hellenic Forest Service, European Forest Fire Information System (EFFIS) (2000–2019) [22], and a related European Union report [20], which showed small differences. The data concerning the numbers of fires were collected from the Hellenic Fire Service and showed deviations from the rest of European countries in the order of magnitude of 10,000 ha (e.g., 2013 = 10,196; 2014 = 6834; 2015 = 6729; 2016 = 10,259; 2017 = 10,356; 2018 = 8006; 2019 = 9500; 2020 = 11,799), which was possibly due to including even small events that were not considered otherwise significant (Figure 4). Note that data before 1980, depicted in gray, exhibit large variability and uncertainty (probably due to lack of satellite vision) [23].



Inspecting the impact of each fire incident, we attempted to check if more megafires occur today than in the past decades. A way to examine this is to plot the annual-scale ratio of burnt areas per number of fires (Figure 5).



Analyzing the data, we note that there is not a standard mathematical expression of the dependence of y on x (e.g., linear, logarithmic, power, polynomial) which could simplify the problem of curve fitting. Therefore, the determination of the parameters of a mathematical expression, a task typically accomplished using regression (or least-squares) techniques, cannot be done.



Traditionally, these cases have been remedied by graphical techniques such as drawing an “eyeball” curve on a scatterplot of points (xi, yi). This is apparently a non-parametric approach in the sense that it does not use any parameters of a specified law (in contrast to parametric regression techniques) but has the flaws of being subjective and unsusceptible to an algorithmic treatment, and thus it is not programmable to computers.



Another alternative is the use of smoothing techniques in which the fitted value of y for any value of x is determined from the available data points (xi, yi) using weights for each one so that the weight for (xi, yi) is large if x is close to xi and small otherwise [24,25].



We chose to analyze the data using the broken line smoothing model (BLS) [4,26] which is considered as a better alternative to numerical smoothing and interpolating methods yet close to the approach of the traditional graphical method [27]. The method is also closely related to piecewise linear regression and to smoothing splines, as it approximates a smooth curve that may be drawn for the data points (xi, yi) with a broken line (or open polygon) which can be numerically estimated by means of a least-squares fitting procedure.



Although we observed an increasing trend in the US in the last 40 years (which was also observed by Nunes [28] in Portugal for the last 30 years), this trend cannot be detected either in Canada, the Mediterranean countries, or Greece. Therefore, a systematic trend is not obvious.



Fires are devastating [29,30]; however, according to the examined data, in recent years, their magnitude does not seem to be increasing, as referenced also in other related studies for other areas [31,32,33].




3. The Event of the Fire


3.1. The Evolution of Fire


Forests are a precious ecological source that hosts a significant part of our society, and the practice of fire mitigation should not be left undeveloped, nor should relevant shortcomings be attributed to uncontrollable natural phenomena.



Fire requires three elements to expand—oxygen, heat, and fuel—which are also known as “the triangle of fire”. In wildfires, the oxygen depends on the wind conditions, the air temperature, and the fuel within the combustible materials [34,35].



However, wildfires are a more complex phenomenon. The evolution of wildfires also depends on the technological aspects of prediction, mitigation, the populations’ density, and the “resident fire culture”. In addition, crucial parameters of the evolution of the fire are: the relief of the landscape as rugged relief supports the fire [36,37], with high wind speeds that accelerate the flames spreading the fire [38,39].



There are two methods to face fire: reactive methods that face the front of the fire when the fire occurs and proactive (prevention) methods.




3.2. Reactive Methods of Facing Fires


The reactive ways are based on waiting for the phenomenon to occur in order to face it [40].



Despite the technological evolution [41,42,43], it seems that there is still an incredible weakness to mitigating fires with reactive ways [44].



Keeley noted [34]:




Firefighting aims to stop the running edge of the fire either by constructing a fire break (a line where all burnable material has been removed) or by applying water or a foam mixture to reduce the surface tension of water droplets for easier penetration into the soil or biomass layer (the same principle as used in dish-washing detergent.





Fires are confined with firefighting planes, ground forces (equipped firefighters), and local volunteers. However, the effectiveness of these forces is often limited, and many times, the fire escapes, creating a forehead that cannot be easily managed.




3.3. Proactive Methods of Facing Fires


Since repressive methods for firefighting are not reliable, another method of firefighting is a defensive way that is based on prevention. One of the most common prevention tools is anti-fire zones, which are specifically designed based on deforestation and by planting suitable tree types that can delay fire expansion.



A typical anti-fire zone in Greece has about 20 m in width, but, in August 2021 in Euboia, we saw the fire easily passing the anti-fire zones (e.g., fires in Attica passed through national road with almost 50 m in width five times [45]). Gofas [46] described that an anti-fire zone is effective only when accompanied by specific actions (e.g., counterfire) from terrestrial forces. However, counterfire is not an acceptable practice in 2021 in Greece.



Other preventive ways such as changing land uses [47] or controlling burning using the partitioning of forests [48] have been proposed.





4. The Results of Fire


In modern “urban thinking”, we consider that forests play an important role in society and the environment due to their high-value ecosystem and their high aesthetic value. However, this is only one of the various aspects of forests.



People who live in urban places are not always aware that forests are part of intense human activity and a precious source of income for the inhabitants of the nearby area, e.g., in Greece, for grazing goats and cattle, collecting resin of the trees, cutting trees for timber, and various other types of cultivations and livestock.



The society around forests is constructed in small (mainly autonomous) or bigger villages, with limited connection to the mainstream of infrastructures, central management, and central political scenery. Thus, fires can destruct valuable natural resources of an essential social system that completely depends on them.




5. Clustering and Growth, Partitioning and Protection


5.1. Quantification of Clustering


A method to estimate 2D clustering or absence of spatio-temporal dependence is through the climacogram (i.e., the variance of the averaged spatio-temporal process vs. spatio-temporal scale). The stochastic analysis in the scale domain (instead of the traditional lag or frequency domains) is shown to exhibit several advantages as a robust means to identify, model, and simulate dependence with a focus on the long-range dependence behavior or Hurst–Kolmogorov (HK) clustering behavior (also known as the Hurst phenomenon). The HK clustering is an attribute of a multidimensional (1D, 2D, etc.) stationary stochastic process with an arbitrary marginal distribution function and a fractal behavior on small scales of the dependence structure and a power type on large scales, yielding a high probability of low- or high-magnitude events to group together in space and time (see a review and several applications in Dimitriadis et al., 2021 [49]). The measure for the quantification of clustering is the climacogram integral; the larger the value of the climacogram integral, the higher clustering is.



Clustering as a growth process is described in Section S1 of the supplementary material and is depicted in Figures S1–S6 [50,51,52,53,54,55,56,57].




5.2. Partitioning and Protection


A more holistic inspection of natural evolution reveals, however, hidden elements of clustering. Dinosaurs were the biggest living creatures in nature, but about 66 million years ago, they disappeared. Smaller animals such as mammals survived because of “Being small. If you’re small you probably have a large population and thus a wider genetic diversity” [58]. In this sense, even though clustering can be important for the economy and is associated with goals of growth, partitioning is a way of protection by reducing dependencies and risks associated with centralized infrastructure. Therefore, it is reasonable to examine how this method of decentralization and partitioning for the reduction of risks could be applied in forests and in particular in favor of their protection from wildfires.



Partitioning of forests is not a novel idea. For example, anti-fire zones share the same logic, but it can be argued that in practice, they have often been found to have limited effectiveness in the evolution of fire [59]. Several studies propose the facing of fires based on prevention measures focusing on land uses [5,6,60,61,62] and alternative forest mitigation measures. Bajocco and Ricotta noted [63]:




For most land-cover classes, fire does not occur as expected from a random null model; rather, it behaves selectively, showing marked preference (or avoidance) in terms of fire number and fire size.





Moreira et al. noted [7]:




From a management perspective, land cover (related to vegetation structure and fuel loads) is the only landscape variable influencing fire behaviour that can be manipulated.





There are also other alternatives for land uses to control fire. Odum proposed “fire-controlled forests” [64] which:




…yields less wood than a tree farm does (that is, young trees, all of about the same age, planted in rows and harvested on a short rotation schedule), but it provides a greater protective cover for the landscape, wood of higher quality, and a home for game birds.





Studying dynamics, causes, and policies of forest fires in Portugal, Mateus and Fernandes noted [65]:




Most of the unburnt surface has one or more of these features: urban, agricultural or agroforestry land use; relatively low population density; flat or undulated terrain; relatively low rainfall.





A problem with the cultural aspect of protection against wildfires is that the landscape often requires more than 10 years for its recovery/rebirth. Therefore, the danger for the forest will only re-emerge after a long period over which people will have overlooked the threat (learning from the previous fire). The cultural forgetfulness issue transcends just the regrowth of fuels and involves acceptable levels of change, the sporadic nature of wildfires, sensitivity to smoke, and other issues.



Mapping the evolution of fire in the case study of the fire in Euboea in August 2021, we investigate the role of the clustering of the forest in the evolution of fire and the role of partitioning as one of the fundamental mechanisms that could have stopped the disaster. In order to keep the memory active when forests will be again in danger (on average after 10–20 years), a new approach is proposed, based on the dependence of fires’ evolution on the clustering of the forests.



According to that, the aim of the proposed methodology is to ensure the preservation of forest partitioning by the creation of sustainable clustered forest zones (SCFZs). SCFZs are linear or circled zones at least 500 m thick, aiming to support multi-purpose utilities, mainly focused around the energy–water–food nexus [66]. Considering the scale of a disaster such as that of the examined Euboea wildfire which will be described analytically as a case study in the next section, it is reasonable to consider the loss of a small part of the forest in order to safeguard a much larger area. The target of the SCFZs is the creation of Sustainable Islands (SaIs), which are defined as forest areas isolated by nonflammable land. SCFZs could act as protection against larger and more uneven disasters. An example of forest partitioning is given in Figure 6 for the north part of the forests of Euboea Island.



The difference of SCFZs from classic anti-fire zones is, other than their size, the fact that they are attributed with new land uses, which will promote the maintenance of these areas in synergy with local communities. It is possible that SCFZs could be perceived negatively by inhabitants and visitors as development works in forest areas are considered a threat to wildlife and to scientific fields of landscapes [67,68,69]. However, in the way modern societies are formed in order to protect valuable resources, all of these parameters have to be considered.



Greek philosopher Kastoriadis [70] noted that:




Humans develop ecological consciousness when they confront the waste they produce.





By analogy to the case of wildfires, the burnt areas can be considered as the “waste” from the uncontrollable evolution of fires, while the ecological consciousness is the realization of the need to protect forests, even if the required measures require funds or transformations of forest shape which might be perceived negatively.



Usually, it is the tendency of governmental bodies to neglect anti-fire zones when the threat of fire is forgotten. Therefore, it is argued that in order to actually maintain and embrace these zones, there must be a motivation for the community. We have seen in wildfires that one of the most effective motives for protection is to preserve property and utility. Therefore, SCFZs could replace the classic anti-fire zones as slices of land with motives for exploitation by local communities.





6. Case Study: The Fire in Euboea


The fire on the island of Euboea in August 2021 burnt 52,900 ha (Figure 7) including areas recognized as landscapes of high quality and biotopes characterized by Natura and Corine [71]. Interestingly, recent related studies [72] did not take into consideration that the landscapes were in danger but rather considered urbanization and development as possible threats.



The importance of the 2021 event is that the burnt area in Euboea was 47 percent of the total burnt areas in Greece, while also in 2021, the third record of burnt areas occurred (2000–2021) (Figure 8).



Figure 9 summarizes the evolution of fire in Euboea 3–11 August 2021 (for a more detailed description, see also Section S2, Figures S7–S16, of supplementary material [74,75]). This event was covered by the largest media organizations worldwide (Figure S19). Even though the Euboea 2021 fire was highlighted as extreme, it is interesting to note that there were smaller but similar events in the area (in the same order of magnitude, i.e., more than 20,000 ha) in 1977 and 2007 (Figure S20). Annually burnt areas in Euboea are on average ~6 percent of the total burnt areas in Greece.



During 2007, only small-scale/intensity fires occurred on the island of Euboea before the large-scale high-intensity fire of 2021. Herein, this event was an expected outcome given the long-time accumulation of fuels in the forest.



6.1. Inspecting Fires’ Parameters in the Event


Figure 10, Figure 11 and Figure 12 show temperature and wind, both meteorological parameters, (adapted graphically by [81]) which contributed to the fire in Euboea (Figures S21 and S22) between 2 and 12 August 2021.



The first issue to be examined in the fire triangle is temperature; we can notice that at the beginning of the fire, high values of air temperature were observed. Data from previous days also show high values of daily temperatures.



The second issue in the fire triangle is oxygen rate, which can be increased and renewed with the speed of the wind. In this fire, we did not find a correlation between the evolution of the fire and the speed or the direction of the wind.



The third issue in the fire triangle is fuels. With the digital processing of satellite images, we present the clustering of the pine trees of the wider area. The fuels in this wildfire are pine trees, and in Figure 13, we show the evolution of fire between 3 and 11 August.



Before the fire, the forests in north Euboea were partly cultivated. As the last big fire happened more than 20 years ago, the forest had herb and shrub layers under the pine trees which helped the evolution of the fire. Fortunately, there was no litter spread in the area. However, there were secluded places with litter that were burned. In addition, a cold wave named Medea happened between 13 and 16 February 2021 [83]; many branches and trees were broken, and no one took care to pick them up [84]. This flammable material dried up in the summer and was a supplementary layer that favored the spread of the fire.



A closer look at the fire shows that fire is driven where the pine trees were clustered.



Herein we can assume that forest clustering was the most important issue for the evolution of this fire.



The fire had a partitioned zone of forest in its south part; therefore, in the first three days, fire burned mostly the northern, western, and eastern areas. On 6 August, fire was driven by two clustered forest areas in the east-south and west-south parts of the fires’ front and connected to the south clustering. This cost ~8000 ha more of burnt areas.



Analyzing the daily evolution of the clustering of the fire front (Figure 13) and the evolution of the clustering of thermal detection by the satellite imagery (Figure 14 and Figures S17 and S18 in Supplementary Material [85]), we see that both are related to the evolution of fires and the burnt area (Figure 13). This is also verified by the estimated correlation through the climacogram integral (Figure 15). The climacogram integral also validates the clustering of fire and the daily burnt areas. Figure 16 and Figure 17 show burnt areas in the fire incident.



The evolution of fire was also supported by the intense anaglyph of the area.



The linear flatland of Krya Vrisi divides the island of Euboea and contributed to containing the fire and restricting the evolution of the front of the fire (Figure 18 and Figure 19).




6.2. Local Communities and the Forest


Before the fire, about 580 families in north Euboea exploited the forest collecting resin, and about 80 families were working in logging. Others were beekeepers or had olive trees. It is estimated that 50% of the Greek production of resin (3000 tons per year) and 65% (10,000 tons per year) of the Greek production of pine tree honey were lost. In addition, 9000 beehives were destroyed or suffered severe damage [86,87,88,89].



Examining the livestock and the beehives of the area (Figure 20), we see that about 88% of these activities rely on the forest. Even the coops were out of villages, inside the forest, and many of them were burnt.



It is clear that the forest constitutes wealth for the local community, and hence its destruction is an economic disaster for the community, even for inhabitants whose properties were not affected by the fire.



After the wildfire of 2021, the Greek state introduced a new law to indemnify the lost properties of inhabitants [91]. Unfortunately, this law does not answer the question: Can people recover the sustainable wealth that they have lost?



As people have now lost the forest area they used for cultivation, collecting resin, or logging after this catastrophe, our purpose is to give SCFZs to people to promote sustainable development, which could be supported through the water–food–energy nexus [92].



Products or commodities provided by these forests constitute only a part of their value for local communities. There is more than those products in benefit of people, i.e., environmental services (clean water, air, recreation, habitat conservation, etc.), that should be considered in any forest conservation strategy. Moreover, local communities must be aware of these services and value them as incentives for forest conservation.



Livestock could accelerate the recovery process. However, the Greek state protects the environment according to the Greek Constitution [93], and livestock is considered a threat to the forests. The Greek state forbids livestock in burnt areas according to the legislative decree of 86/1969 [94] which is replaced by article 60 of Law 4264/2014 [95] that mentions:




An order forbidden grazing, issued ex officio by the forest service, prohibits the grazing of any animal in an area that has been declared reforestable.





In other words, inhabitants that were fortunate that their livestock survived this fire, instead of grazing their livestock, will probably be forced to increase the cost for animal feeding since their livestock cannot be moved to the burnt area, or they will face a penalty that depends entirely on the chief of the local forest service. Therefore, inhabitants must quit feeding their livestock in the burnt area as, if they have to pay for the feed, this activity will be damaging.



Generally, there is a widespread belief that livestock is a threat to the forest ecosystem. However, modern studies support the opposite [96,97,98]. An introduction to this recovery process is given by Savory and his method “Managing the complexities of land & livestock” [99].



Therefore, we give an example of SCFZs that were designed following the faint clustering of the forests in a wider area of north Euboea. The partitioning is presented assuming that the forest is exploited and cultivated and livestock is grazing (Figure 6). The firebreaks as strips of land that has been cleared of all trees (usually linear and small) are areas that can stop fire without human intervention only 46% of the time [100]. However, these strips are prone to erosion and are not cost-effective because they need to be cleared at least once a year, and finally, these zones are aesthetically unpleasant.



Obviously, the partitioning process will be annoying as the natural forests are pristine and highly perceived landscapes. However, we have to consider that in many cases, the alternative is that the forest could be completely burned and then require as long as 20 or 30 years for its rebirth. We should thus consider whether certain but small-scale impacts on forests may be preferable over a potential but large-scale disaster. It should also be taken into account that the communities developed around forests exploit them and take advantage of their natural resources. Thus, a large-scale destruction of the forest can be catastrophic and can even lead to the collapse of such communities. Therefore, we have to consider more how to support the inhabitants and enjoy the landscape of the forest more often than every 30–40 years. In addition, we have to consider that the society will grow along with the forest but with a high risk of destruction.



Another question we have to ask is how in Krya Vrisi this partitioning zone area that stopped the fire was created.



One part of the land of Krya Vrisi was property of big landowners, and another was unexploited (forests, swamps) until the early 20th century. This land was given to immigrants who came to Greece [101] from the Asia Minor catastrophe in 1922 to cultivate it [102] (Figure S23).



This area is an example of how, 100 years earlier, the Greek state, without the slightest guilt about deforestation, gave people wealth (land) to survive, which was also used for protection of the forest recovery process.




6.3. General Aspects


It is clear that the recovery process is affected by political aspects.



Therefore, we could expect that a hypothetical Marxist would find a way to make the inhabitants state employees adapted for the new needs (for example, the cultivation or the forests to grow faster) [103,104]. A Keynesian [105] would propose the construction of large public infrastructures in the area where inhabitants could have jobs. A neoliberal [106,107] would expect the capital to give a solution exploiting the desperate inhabitants and the present low value of the environment. “Green” points of view (e.g., “degrowth” [108,109] or “prosperity without growth” [110]) would propose a “do nothing” solution and leave the forest to be reborn naturally, with a Malthusian perception [111,112], as they consider people as parasites of nature and development as a useless consumption and production of wastes.



In our viewpoint, the key is the discovery and the creation of sustainable wealth and its distribution to people. Themistocles Xanthopoulos defined this as “endogenous productive reconstruction” [8,9,10]. Sustainable wealth means that people could survive in their land, producing their own wealth, which will be sustainable through time with the potential for growth. As primary wealth, we consider the support of the energy–water–food nexus.



Therefore, we propose a forest management strategy based on the creation of SCFZs. The SCFZs require, other than the creation of an anti-fire zone, free of trees, the provision of rights of use to inhabitants and the integration of participatory decision-making processes to strengthen the potential for co-production of the land uses to be introduced in the SCFZs. This is inspired by practices dating as long as 100 years back. Examples for land uses to be introduced in the SCFZs could be: (i) use as fields for the support of existing livestock, for the re-organization and development of new livestock uses in the SCFZ spaces, (ii) cultivation of areas of the SCFZs or installation of auxiliary infrastructure for the support of existing processes for the utilization of forest produce, (iii) installation of renewable energy infrastructures or renting the areas of SCFZs if capital for such investments is not available in local communities, and (iv) investigation for the potential of installation of small-scale water infrastructures, such as small reservoirs or small hydropower dams.




6.4. Three-Dimensionally Printed Constructions for Cultivation Areas or Corrals


In order to enrich SCFZs according to the concept of “endogenous productive reconstruction”, 3D-printed construction made of eco-friendly materials could be installed. This innovative technology has many benefits that can contribute to the sustainability of these areas and strengthen their economic value.



The positive impact of this application is faster results of on-site construction, less waste, reduced labor, and more sustainable structures compared with traditional construction. In addition, 3D printing allows for more creative freedom in architecture which can be better harmonized with the landscape [113,114].



Three-dimensional printing seems to give the expected spaces a proper timetable as a quick-build cell could be constructed from raw earth [115]. The idea of combining advanced technology and local material such as earth has many benefits:




	
Fast collection of the material when combining materials with local soil.



	
Construction without the need for scaffolding.



	
Raw earth is eco-friendly and biodegradable and can produce sustainable constructions. The utilization of renewable materials is necessary nowadays.



	
The construction can be inhabited almost immediately.



	
Corral, warehouse, or shelter equipment such as sitting benches, workbenches, bed bases, and watering cans could be printed during the process of the printing of partition walls.










7. Discussion


The claim that wildfires have become uncontrollable due to climate change is challenged by real fire data from the USA, Canada, and Mediterranean countries. A more pragmatist approach for the mitigation of wildfires is proposed, with forest protection planning and policy at its core.



In the direction of enforcing forest management, we carried out an investigation of a more holistic forest protection logic that prioritizes the mitigation of local fires in combination with a social system for forest partitioning. The idea behind this is that continuous small-scale management of forests can have advantages over massive isolated efforts after disasters. The prioritization of forest handling and mitigation of local fires seems to prevail in terms of prevention of large-scale disasters; as the proverb says, relevant policy and practice often “cannot see the forest for the trees”. Thus, unfortunately, it is often noticed that the state tends to develop protection measures only after major catastrophes. In the case of Greece, for example, this can be observed in the evolution of the legislation of the Forest Service for cutting pine trees. Until the 2021 Euboea fire, cutting of pine trees even in private property was forbidden. The burning of more than 1000 houses in Euboea [116] within or in the proximity of areas with high densities of untended pine trees has arguably incited the emergence of plans of changes in policy that would legalize the cutting of trees [117].



In the examined case study of the 2021 fire of Euboea, the fire burned an area of 52,900 ha of the north part of the Island. The main part of the forest that was not burned from the fire (red rectangle in Figure 21a) is about 30,000 ha in the south part of Krya Vrisi. It is a highly clustered forest that can potentially be endangered by future wildfires. The spatial clustering of this forest is indicated in Figure 21b–d. Unfortunately, at this point, there is no reason to expect that a wildfire of a similar scale would not threaten this area as well. Yet north Euboea is not an exception. Similar threats are present in various forests in Greece as the population is clustering in big cities (Figure 22).



In their study about land-use change of forests and wooded land correlation with large and frequent wildfires, Ascoli et al. [118] concluded that:




…land abandonment have probably increased fire proneness at national scale by expanding shrub and tree encroachment, and thus increasing fuel connectivity and fuel build-up. Therefore, we urge for a greater integration between fire management and rural development policies.
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Figure 22. Total population of Greece and population in non-urban areas 1955–2019 [119]. 






Figure 22. Total population of Greece and population in non-urban areas 1955–2019 [119].
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With this study, we tried to emphasize the society’s cohesion and the activation of people in the forest as a way of protection. This aspect is also emphasized by WWF as the primary measure for the protection of forests [120]. However, we noted that people forget the threat, and they do not learn lessons from previous disasters (Figure S18). Therefore, we proposed a way in which the memory of the past events can be integrated into landscapes, promoting the capability of protection from future events.



The design of SCFZs needs an analytical study, field research, and detailed adoption of ecological and geomorphological criteria with a geographic information system (GIS). As SCFZs and SaIs might imply important risks to habitat connectivity, ecological bridges for the connection ecosystem should be designed and proposed. In addition, geometrical standards for the design of the partitioning should be estimated as they are important because they affect the occurrence of some ecological processes, other than wildfires; moreover, no considerations are made on edge effects, which might lead to forest fragmentation issues.



In addition, redistribution of land use presupposes that an economic-technical study of the required activities and innovative political decisions should also be conducted.




8. Conclusions


Our proposal for the protection of forests is the sustainable partitioning of forests through the design and creation of SCFZs. The SCFZs can prevail over common anti-fire zones by providing motives for maintenance through the provision of some of the resources of the forest to people that live near it. We believe that this type of modification can prevail over conventional anti-fire zones and could promote a sustainable development strategy that is synergistic to the protection of the forests and to an “endogenous productive reconstruction” which was the dream of Themistocles Xanthopoulos [8,9,10]. Arguably, in the examined case of Euboea’s wildfire of 2021, partitioning of the forest could have reduced the fuel to support the fire and could have put the fire more easily under control.



In regard to the discussion of the land uses that can be applied in SCFZs, we have to note that restrictions of grazing livestock in burnt places, such as those enforced by Greek laws, are not in line with modern literature. Recent studies showcase that livestock can actually benefit forests in their process of regeneration.



As part of the policy considerations of this study, it has to be noted that planning mitigation measures for the development of forests is a long-term procedure that is expected to be verified after 10–20 years. Decision makers (that usually live in the capital city) often forget that a lot of people to whom forests were directly associated to their livelihoods have lost everything and are now living as “immigrants” in their own property and land. The SCFZs aspire to be a method to assist these inhabitants to remain in their land, exploiting the resources and potential wealth of the forest in modern ways and, meanwhile, also creating the necessary partitioning of the forest that is required for its protection.



Further research has to be undertaken to identify the partitioning criteria for the creation of the SCFZs and formulate guidelines for their design. A key point is that SCFZs should be considered as ecologically functional units, as the functionality of SCFZs in maintaining ecosystem processes would also contribute to their recovery process and thus further serve their sustainability.
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Figure 1. The evolution of wildfires in USA (1926–1970 and 1983–2021). Data before 1980 are impacted by larger uncertainty (lack of satellite vision) and are depicted in gray. 
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Figure 2. The evolution of wildfires in Canada (1920–2013). Data before 1980 are impacted by larger uncertainty (lack of satellite vision) and are depicted in gray. 
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Figure 3. The evolution of wildfires in European Mediterranean countries (1980–2016). 
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Figure 4. The evolution of wildfires in Greece (1980–2021). Data before 1980 are impacted by larger uncertainty (lack of satellite vision) and are depicted in gray. 
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Figure 5. Burnt areas per number of fires (annual ratio). Dash lines show the trend of the phenomenon adopting alternative parameters of BLS. (a) US data: 1926–1970 and 1983–2021; (b) Canada data: 1920–2013; (c) Mediterranean countries data: 1980–2016; (d) Greece data: 1980–2016. 
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Figure 6. On the left, the clustering of the forests before the fire; on the right, a theoretical partitioning of the forest with SCFZs. 
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Figure 7. Burnt area on the island of Euboea 2021 [73]. 
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Figure 8. The evolution of wildfires in Greece and Euboea (2000–2021). 
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Figure 9. The total area of the fire was adapted by [76,77]. The evolution of the fire, adapted graphically in Google Earth [73] by satellite imagery [78,79], calibrated by the reports of 112 Emergency Communications Service [80]. 






Figure 9. The total area of the fire was adapted by [76,77]. The evolution of the fire, adapted graphically in Google Earth [73] by satellite imagery [78,79], calibrated by the reports of 112 Emergency Communications Service [80].



[image: Conservation 02 00013 g009]







[image: Conservation 02 00013 g010 550] 





Figure 10. Temperature and wind speed in the area of Euboea [81]. 
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Figure 11. Wind direction (blowing to); 0, 360 North, 270 West, 180 South, 90 East [81]. 
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Figure 12. Wind rose diagram. Euboea 3–11 August 2021. Wind direction (blowing to) [81]. Image created by WRPLOT View [82]. 
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Figure 13. The evolution of fire, related to forests’ clustering, calibrated by the reports of 112 Emergency Communications Service [80]. 
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Figure 14. The intensity of fire as detected by satellite imagery [78,79] calibrated by the reports of 112 Emergency Communications Service [80]. 
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Figure 15. Evolution of clustering of fire front, thermal detection, and daily burnt area. 
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Figure 16. (a) Burnt area. (b) Burnt areas with anti-fire zones. 
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Figure 17. (a) Not burnt areas in the middle, forest without connection with the rest of the forest area (SaIs). (b) Burnt areas. In back, the flat land of Krya Vrisi which stopped the fire. 
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Figure 18. (a) The flatland of Krya Vrisi. (b) The flatland of Krya Vrisi during the fire. (c) The flatland of Krya Vrisi after the fire. 
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Figure 19. Τhe flatland of Krya Vrisi (center of the figure). The area of the fire (left), forests untouched by the fire (right). Map form Google Earth [73]. 
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Figure 20. The livestock and the beehives of the municipalities of Istiaia–Edipsos and Mandoudi–Agia Anna–Limni by the census 2019 [90]. 
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Figure 21. (a) Map of north Euboea. The burnt forest is presented in red, and the unburnt south part of Krya Vrisi is presented inside the red rectangle. (b–d) Photographs of the forest in the south part of Krya Vrisi. 
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