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Abstract

:

Since the adoption of European Union Council Directive 92/43 on the conservation of natural habitats and wild fauna and flora, some opposition has arisen among owners and managers of land affected by the directive. Some studies have indicated that some of this opposition has found expression in subsequent arson fires in these areas. This article analyses the occurrence of arson fires in the SACs (Special Areas of Conservation) included in the European ecological network, Natura 2000, in Galicia (Spain), more specifically in the montes vecinales en mano común (MVMCs), which are privately owned collective lands. We tested whether the declaration of SACs had a statistical impact on the forest fire regime in the period 1999–2014. The analyses focused on the sub-periods of 1999–2004 and 2005–2014, i.e., before and after the approval of the list of sites of community importance in the study area in December 2004. The results obtained show that, after the declaration of protection, there was a statistically significant increase in the area burnt by fire in these areas, mainly on private estates. We also found that the percentage of arson fires after 2004 was higher in SACs than in other territorial units. We found that the percentage of arson fires was reduced less in SACs than in other territorial units. Furthermore, we found that the area burnt per fire after 2004 in SACs was almost double that in the MVMC-SACs (12.04 ha versus 6.64 ha), so it can be concluded that the conservationist policies of the Natura 2000 network in Galicia have not had a positive effect on the forest fire regime.
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1. Introduction


In 1992 the European Union (EU) adopted Council Directive 92/43 of 21 May 1992 [1] on the conservation of natural habitats and wild fauna and flora. This created the Natura 2000 network, a European ecological network made up of Special Areas of Conservation (SACs), in which the aim is to ensure the maintenance and/or restoration of natural habitats. Today, the Natura 2000 network occupies around 18% of the European Union’s surface area [2,3].



The scientific literature on the subject indicates multiple benefits of the Natura 2000 network in social, economic and environmental aspects, for example [4,5,6,7]. Nevertheless, several studies have claimed that its declaration and subsequent management have not been able to prevent the loss of natural habitats [8,9,10]. It has also been mentioned that the selection of areas to be protected was not based on scientific criteria [11], which makes it difficult to achieve the desired objectives [12,13,14,15].



The designation of areas to be protected has also been met, in many cases, with opposition from landowners [16,17,18,19,20,21], who have protested in defence of traditional management methods and their property rights [22]. As examples, some authors have mentioned the hunger strike of forest owners in Karvia (Finland) in response to the introduction of the Natura 2000 network [23], while other authors argued that the designation of these areas could also alter the economic conditions of land users and land prices, and that acceptance by interests (i.e., landowners and farmers) is a key aspect for conservation effectiveness [24].



With regard to this social opposition, it is necessary to remember that forest fires in Europe are the main cause of destruction of forest area [25,26]. They are also one of the greatest threats to this type of protected area. In 2007, in Greece, forest fires affected 12.4% of the Peloponnese Natura 2000 network [27,28]. It is therefore necessary to consider the existence of a certain relationship between forest fires and social conflicts [29,30,31], as the Natura network affects the population of these areas in many ways and can lead to various conflicts. Several authors, for example, have linked ineffective forestry policies to the occurrence of forest fires [32,33,34]. In addition, protectionist measures may lead to land abandonment due to depreciation, which causes landowner rejection and can lead to an increase in the number of fires [35,36,37,38]. Regos et al., in a study published in 2013 [39], linked the occurrence of forest fires to the increase in forest area in Catalonia (Spain), and Farina, in 1998, [40] reported that the loss of land value favoured its abandonment and increased the risk of fires. The presence of shrub and grassland is also associated with an increase in number of fires [41,42,43]. In any case, a better understanding of the causes of the conflict will provide sufficient and realistic knowledge to support the choice of future policies in relation to natural protection [44].



Considering that 95% of forest fires in Europe are arson [45,46,47] or are related to human activity [48], it is essential to scientifically analyse the causality and incidence of forest fires in areas considered legally protected entities, as forest fires affect ecosystem resources and services (tourism, protection, biomass production, biodiversity conservation) [49], hinder the development of policies on the improvement of forest spaces [50] and cause natural disasters such as erosive phenomena, desertification and loss of biodiversity [51].



Considering a specific region of northwestern Spain, the autonomous community of Galicia, this study proposes a statistical analysis to verify the effect that the legal declaration of protected zones to preserve their natural value may have had on the occurrence and evolution of arson activity and, more specifically, to determine whether the inclusion of a specific form of collective private property, the monte vecinal en mano común (MVMC), in the Natura 2000 network has meant a change in this arson activity.



We analysed whether the implementation of the Natura network regulations led to any change in the fire regime in the areas of collective private property in Galicia. Therefore, the analysis, which covers the period 1999–2014, focuses on analysing the differences between the sub-periods 1999–2004 and 2005–2014, as it was in December 2004 when the list of sites of community importance in the Atlantic biogeographical region, the region in which the study area is located, was approved. The aim of the article, finally, is to answer the following questions:




	
Is there a significant difference in the number of fires and/or the area burnt/fire before and after 2004 in the SACs?



	
In the MVMC-SAC intersection zone, is there a significant difference in the number of fires and/or in the area burnt/fire before and after 2004?



	
After 2004, was there a significant difference in the fire regimes of MVMCs with SAC and MVMCs without SAC?









2. Methodology


2.1. Study Area


The autonomous community of Galicia (Figure 1), located in the northwest region of Spain, is an eminent agroforestry region, with a high actual and potential productivity [52,53,54]. In particular, this region stands out for its emerging forestry sector; around 61% of its territory is forested land (1.8 M ha), of which more than 1.4 M ha is wooded forest producing 9.7 million m3 of wood per year, a volume that represents 50% of the annual felling in Spain [55]. The most relevant species in the region are Pinus pinaster Ait., Quercus robur L. and Eucalyptus globulus Labill [55]. Climatologically, Galicia presents great differences between its coastal and inland areas, with mean annual rainfall varying between 800 and 1000 mm in inland areas and 1600 and 1900 in coastal areas. The average annual temperature is 13 °C, with maximum temperatures exceeding 30 °C in the SE of the region, and winters with average minimum temperatures of 5 °C in the interior [56].



Galicia is the Spanish autonomous community with the smallest area of forest under some form of legal protection. Only 12% of Galician territory is under these conditions (Figure 2), while the national average is 24% [57]. However, it is the area most affected by forest fires and has the highest rate of arson fires [58,59]. It is also characterized by a high density of ignitions and long seasonality, where the area burnt per fire is usually small [60]. Thus, according to official statistics on forest fires [61], more than 110,000 fires occurred in this region in the period 2000–2019, affecting a total area of more than 0.5 M ha, of which 37.35% were wooded. For the study period (1999–2014), the total area burned was 424,955 ha, of which 146,996 ha (34.6%) were wooded.



With regard to the structure of forest property rights, approximately 99.5% of Galician rural areas are privately owned and, particularly, almost 38% are monte vecinal en mano común (MVMC) [55], collective private property where the ownership is assigned to a group of neighbours (comuneros) in its capacity as a rural community and not as an administrative entity [62,63]. Therefore, the neighbours in the community are simultaneously owners and managers of economically productive territorial units, the MVMCs, in their capacity as residents of those places where these communal areas are traditionally located [31,64,65].



According to official statistics, Galicia currently has 3326 MVMCs, with a total surface area of 663,488.96 ha and an average area of 219.48 ha per MVMC [55], distributed throughout almost the entire Galician region. In the assembly of comuneros, the governing body of these collective communities, each communard represents a local inhabited house, that is, an independent family unit, so there are as many communards as there are families living in the village. In 2019, Galicia had 118,564 community owners [55]. However, in spite of the importance of MVMCs for the Galician forestry sector, only 30% of MVMCs have a management project, and the percentage of area under certified management is no more than 7.5% [63]. These factors, among others, hinder the management of MVMCs and can lead to the emergence of various conflicts between community members. In the absence of a management document that objectively regulates management and attempts to maximise the benefits obtained from the MVMC, it is easy for conflicts to arise between community members.




2.2. Material and Methods


This study was based on the use of official georeferenced cartography in GIS (geographic information system) format. By intersecting the GIS layers of the MVMCs and SACs with the forest fire layer, we obtained the historical series of forest fires for four different territorial units: MVMC, SAC, intersection areas between MVMCs and SACs (MVMC-SAC) and areas of MVMCs that do not intersect with SACs (MVMC no SAC). This procedure allowed us to evaluate possible differences between them, and to assess whether there was any change in the fire regime after the official publication of the regional decree of SACs in Galicia (2004). Using a single statistic for the amount of fire is problematic. In some cases, firefighting extinguishes a fire before it burns all of the area that the arsonist apparently intended to affect, and the arsonist returns to set new fires. In other cases where the fire meets the arsonist’s goals, there is only one arson attempt. Therefore, we used two complementary measures—fire rates (N° of fires/100 ha) and area burned by fire (ha). [66].



For the planned procedure we used, as mentioned above, cartographies for the MVMCs, SACs and historical series of forest fires. The cartography of the MVMCs [55] was formed using 3034 records for which 20 different fields were collected. For its part, the mapping of SAC zones, obtained from MITERD [57], consisted of 59 SAC zones with a total surface area of 375,130 ha.



Regarding human-caused fires, on which we base this paper, the official source is the state database of the Ministry of Agriculture, Fisheries and Food [66] (MAPA). In this case, the period used was between 1999 and 2014, as this is a temporary range that covers the years immediately before and after the adoption of conservation policies. As previously indicated, this study is limited to arson fires and those caused by various acts of negligence, resulting in a database with 96,468 forest fires in Galicia (91.4% of the regional total, according to the database used). For this division, forest fires in which the cause was coded as “unknown”, “negligence” or “intentional” were taken as data. In this respect, it should be noted that the coding “unknown” usually means that no investigation of cause was carried out, but in the authors’ professional experience, such fires are usually due to anthropogenic reasons. It is also worth remembering that in Galicia, wildfire activity has a bimodal distribution every year: a period between weeks 8 to 18 at the end of winter and beginning of spring, and a period of activity higher than the previous one, between weeks 25 to 44 during the summer [61]. We chose to use annual data; we felt a greater disaggregation of the data would not contribute anything.



It was important to check whether the existing fuel models in MVMC-SAC and MVMC no SAC were similar, as this factor could determine the behaviour of wildfires and, consequently, the area burnt [67]. For this purpose, we intersected the GIS layers of these territorial units (MVMC-SAC and MVMC no SAC) with the fuel models of the MFE4 [68], the base mapping of the fourth national forest inventory corresponding to the year 2009. The MFE is the cartography of the forest mass situation, carried out by the Nature Data Bank (Ministry for Ecological Transition-MITECO) and following a conceptual model of the hierarchical land uses developed by the forest classes, especially in wooded areas. The MFE uses a working methodology based on photo-interpretation with field verification and provides detailed vector information for the whole Spanish territory on the structural type or main use of each tessera, the degree of cover and the main tree species mapped, among others. The MFE also includes 15 different fuel models that are subsequently grouped into 5 classes (no data, grassland, scrubland, litter under trees and pruning and forestry residues), as shown in Table A1 of Appendix A.



Table 1 summarises the three main sources of work for this analysis.



It should also be clarified that climate data were not taken into account in the statistical analyses because, although data prior to 2004 and data subsequent to this year were compared, the comparisons were made between territorial units within the same period of time such that the climate regimes affecting them were the same; consequently, climate was not an aspect we considered. Furthermore, as can be seen in Figure 3, both temperature and precipitation remained fairly stable during the study period. This was confirmed by the second sectoral report on climate and extreme events, published in 2015 by Meteogalicia [69], which states that in the period 1961–2013 a stable and continuous increase in mean annual temperature of 0.18 °C per decade was observed in Galicia, so there was no substantial change in the period under study in this paper. Precipitation values also remained very stable, according to statistics provided by Meteogalicia [69]. It should also be remembered that 91.4% of fires in Galicia are caused by man, so the weather is not a determining factor in their occurrence.



Figure 4 explains the methodological process we followed to analyse the occurrence of fires in SAC and MVMC areas. Both GIS layers were intersected with the forest fire layer, which allowed for the obtention of the number of forest fires for four territorial categories: MVMC, SAC, MVMC-SAC (intersection zones) and MVMC no SAC. This allowed us to evaluate the possible differences between them before and after the official publication of the regional decree on SACs in Galicia (2004) and to analyse whether the fire regime observed in each territorial unit differed from the regime observed for Galicia as a whole. Particular attention was also paid to determining whether the occurrence of fires in MVMCs varied after being included, in whole or in part, in the Natura 2000 network (Figure 5 and Figure 6).



Figure 7 and Figure 8 show the analysis that was carried out to check the differences in the fuel models of the MVMC-SAC and MVMC no SAC. As can be seen in Figure 8, the most frequent fuel model in both territorial units was scrubland, with very similar percentages in both cases. The great similarity between the two territorial units allowed us to disregard this factor, as it did not lead to a different occurrence of forest fires.



The statistical comparison of the obtained results was performed by means of an analysis of Student’s t means, [70] in order to check if the observed differences were statistically significant. This analysis was carried out, as previously indicated, for the number of fires per 100 ha and for the area burned by fire (ha). As mentioned above, these two parameters were chosen because in areas with many human-caused fires, some of them are usually the result of a successful action of the means of extinction; that is, if part of the area that was intended to be burned is saved, the arsonist will be impelled to cause a new fire, resulting in an increase in the occurrence of fires [71]. For these calculations, a bilateral test was carried out, as the sign of the potential difference was not known (the declaration of protection may have meant both an increase in the occurrence of fires and a decrease). The level of significance used was 5%.



Specifically, this study aims to answer three major questions related to the causality and dynamics of forest fires in Galicia and argue for the possible statistical results we obtained:



Issue 1. Is there a significant difference in the number of arson fires and/or in the burned/fire area in the SACs before and after 2004?



Issue 2. In the MVMC-SAC intersection zone, is there a significant difference in the number of arson fires and/or in the burned/fire area before and after 2004?



Issue 3. After 2004, was there a significant difference in the fire regimes of MVMC-SAC and MVMC no SAC?





3. Results


The analysis carried out allowed us to find certain differences in the fire regime of the SACs and the MVMCs. The differences found in the SACs are particularly relevant, as they also affected the area burnt by fire (AB/fire), which increased notably in this territorial unit.



Figure 9 shows the percentages of human-caused forest fires produced in Galicia during the period 1999–2014 for each territorial unit. Although the percentages of human-caused forest fires for each study area were practically identical, it is worth mentioning that these were higher for the MVMC, where up to 91.97% of the fires that occurred between 1999 and 2014 were caused by man or as a result of various acts of negligence. Of the total number of human-caused forest fires in Galicia between 1999 and 2014, 9.95% occurred in SACs.



In SACs, the percentage of human-caused forest fires was 91.14% (Figure 10). A significant reduction in intentionality (percentage of human-caused forest fires) was also observed after 2005, between 5 and 6 percentage points. However, although the percentages of reduction were very similar, the smallest reduction was found precisely in the SACs where, in addition, the overall reduction in the number of fires was greater than that observed among the intentional fires. Despite the general downward trend, we observed that there was greater intentionality in the SACs.



Regarding the rate of human-caused forest fires before and after 2004 in each territorial unit analysed, Table 2 shows that the highest rate of wildfires before 2004 was reached by the whole of Galicia (0.52 fires/100 ha), followed by MVMC no SAC (0.51 fires/100 ha). After 2004, the reduction in the intentionality rate was generalized, although higher in MVMC and MVMC no SAC.



After 2004, the rate of forest fires for the different territorial groups analysed tended to converge, with very close values between all of them, such that the SACs did not seem to benefit from the same decrease as the other study groups (Figure 11).



A more detailed analysis of the obtained results found that the area burned by fire (AB/fire) increased significantly after 2004 in all territorial categories studied. Interestingly, the highest percentage of increase occurred in MVMCs, where the area burned by fire increased by 233.36%, as well as in SACs, where the increase was 232.68% (Table 3). In these SACs, the area burned by fire was even the largest of all studied categories (Figure 12). In the MVMC-SAC intersection areas, however, the percentage increase was the smallest, which could indicate that the property regime had some influence on the fire regime.



In relation to the property regime, it should also be noted that the only territorial group in which there was a reduction in the annual burned area between 1999–2014 was the MVMC–SAC (30.96%). This means that, despite the increase in the area burned by forest fire in the analysis period, the reduction in the number of fires compensated for the damage caused by this type of accident, a circumstance that was not found for the remaining groups.



Finally, in order to answer the questions posed above and check if the differences detected were statistically significant, mean comparison analyses were carried out considering homogeneous variances (Table 4, Table 5 and Table 6). The results are shown and analysed below.



For the analysis of intentionality in SACs (Issue 1), the null hypothesis was rejected both for the rate of forest fires and for the area burned by fire (Table 4), allowing us to conclude that the differences in existing means were significantly different, although in the opposite direction in both cases. Thus, while there was a significant decrease in the number of fires from 2004 onwards (Figure 13), the area affected by fire was much higher after that year.



With regard to MVMCs that included SAC (Figure 14) or with area included within a SAC (Issue 2), Table 5 shows that there were no significant differences in the area affected by fire after 2004, although there were significant differences in the rate of forest fires. However, this reduction could correspond to the general decrease also observed for Galicia, so it is not firstly attributable to the approval of the autonomous decree regulating these protected areas. It should be remembered that, as seen in Table 4, in the SACs there were significant differences in the area affected by forest fires, so that difference could correlate to changes in private properties. In other words, if there were significant differences in the SACs and no significant differences in the MVMC-SACs, these differences must be due to the private properties in the SACs.



Finally, with regard to issue 3, the absence of significant differences was observed, both in the rate of forest fires and in the area burned by fire after 2004, for both MVMC-SAC and MVMC no SAC (Figure 15 and Table 6). Therefore, the official declaration of the Natura 2000 network does not seem to be decisive in the dynamics of the studied forest fires. This result corroborates what is observed in Table 5 with respect to the particular properties, since in this case the presence of the SAC did not seem to have any consequence.



To summarise, the results obtained are shown in Table 7. The decrease in the number of fires was generalised and very important after 2004, so significant differences were expected. However, it is noteworthy that there were significant differences in the area burnt in the SACs (Issue 1).




4. Discussion


According to the results we obtained, it can be seen that the Natura 2000 network did not have a very positive effect on the forest fire regime in the SACs. On the one hand, the percentage of forest fires caused by man decreased less in the SACs (Figure 10) than in the other territorial units analysed. We also saw that the SACs suffered a significant increase in the area burnt by fire (232.68% for the study period, as shown in Table 3). Likewise, the SACs did not have the generalized decrease in the number of fires observed for other areas of Galicia. While the rate of fires in the MVMCs decreased very significantly after 2007, the rate in SACs was not as favourable (Table 2 and Figure 11). It can be assumed, however, that the fact that the SACs had a smaller decrease in the number of fires than other territorial units may be due to Galicia’s de facto conservation policy, which leads to respect for certain areas of higher ecological value. In reality, the fact that these SACs have a high ecological value is due to the absence of forest fires.



In view of the results obtained, it cannot be exhaustively established that the cause of this unfavourable behaviour was the promulgation of Decree 72/2004, since the explanation could be found in several factors. However, taking into account that more than 90% of forest fires in Galicia are caused by man, these data seem to indicate a certain opposition to the Natura 2000 network, as the scientific literature has stated [9,34,35,36,37]. This unfavourable behaviour could also be explained by land abandonment caused by the Natura network; land abandonment increases the available fuel, which favours an increase in the area burned by forest fires [72]. This issue will be discussed in detail below.



The larger burned area by fire in the SACs may be due to several reasons. On the one hand, it could be due to the fact that SACs are usually further away from means of fire suppression, so the time to reach the fire is longer. Consequently, this longer reaction time leads to a large affected area. On the other hand, this greater burned area could also be due to the incompatibility of certain activities and/or preventive infrastructures against forest fires with the Natura 2000 network [73], a circumstance that has not yet been adequately addressed by the managers of the Natura 2000 network. In this regard we agree with Foresta et al., 2016 [73], on the advisability of carrying out various works that allow the reduction of existing fuel, such as clearing and pruning. In any case, although these circumstances could explain the poor results observed for protected areas (SACs), the results obtained seem to indicate the existence of other additional factors. This seems to be indicated by the fact that the increase in the area burnt in the SACs after 2004 was statistically significant, but not in the case of the MVMC-SACs. In fact, the AB/fire after 2004 in the SACs almost doubled the AB/fire of the MVMC-SACs (12.04 ha versus 6.64 ha; Table 3). Considering that almost 99.5% of the Galician forest is in individual private ownership, it can be concluded that this excess of burned area in SACs mainly affected private estates. The obtained results (Table 4, Table 5 and Table 6) confirm this difference in behaviour between individual private properties and collective private properties (MVMCs), since the statistical differences detected in the SACs were not repeated in the MVMC-SACs. This argument is ratified by the fact that the differences found between MVMC-SAC and MVMC-no SAC were not statistically significant, so the declaration of this legal protection did not cause any change for these territorial units.



On the basis of the above, it is necessary to ask whether the statistical differences we detected were due to the property regime. In this sense, Ficko & Boncina (2019) [74] found that private owners of private forests and those residing in areas with a high proportion of protected forests in Slovenia, with unfavourable physical and socio-economic conditions, were not in favour of greater forest conservation. In a way, if the Natura 2000 network provoked the rejection of the owners of the protected land [21], it would be reasonable to think that this rejection would be greater when the protected land was in individual private ownership, and not public or joint, since economic bankruptcy would be perceived differently. In this respect, it is worth recalling what Van der Berg & Koole (2006) [75] stated for the Netherlands, where rural residents showed a clear preference for active nature management, while urban residents, whose economy depended on other factors, considered managed landscapes to be significantly less beautiful than wild landscapes. It is also necessary to recall the arguments of Bhandari & Jianhua (2017) [76], with whom we agree when they affirmed that the conservation of biodiversity is very difficult if local communities depend on it to meet their needs. We also agree with them when they stated that, for the proper development of strategies that affect the natural environment, it is essential to understand the dependence that local communities have on that natural environment. Therefore, the best conservation outcomes occur when local communities are empowered [77]. The biggest challenges for the functioning of the Natura 2000 network are indisputably the level and quality of public participation in its implementation and management, the general negative perception of the public regarding it, the lack of flexibility of the responsible authorities and insufficient consideration of the local context [21]. In this regard, a European Commission report published in 2014 [78] stated that conflicts may arise between nature conservation and other human activities due to the fact that nature conservation may have important consequences for other land use activities and thus for the landowner and users, who are likely to disagree with these land use changes. Thus, some activities that may be subject to restrictions or regulations are, among others, grazing, mowing, removal of scrub, hunting and fishing [78].



It is clear, therefore, that avoiding this rejection greatly influences the success of conservation measures, so it is worth considering how best to avoid such rejection. In this sense, authors such as Kamal & Grodzinska-Jurczak (2014) [79] or Schröter-Schlaack et al. (2014) [80] have suggested the need to put in place compensatory financial mechanisms to cover the costs that the Natura 2000 network represents for landowners. Others, however, such as Oldekop et al. (2016) [79], have insisted on the synergy between conservation and socio-economic development linked to the management of areas to be conserved by local communities. In this respect, the adoption of agreements or contracts with landowners/land users would be important. This would be of particular relevance for recurrent measures such as mowing, for example, rather than the application of restrictions or the requirement of administrative licenses [78].



In accordance with the above, the fact that the Natura 2000 network has not achieved the desired results may not be due to the legislation itself, as stated in a report by the European Commission published in 2016 [81], but to a poor implementation of it and, more specifically, to the incompatibility of the preventive measures that we pointed out earlier and to the perception that the rural population has of them. As Kati et al. 2015 [82] said, it may even be due to the lack of will on the part of public administrations to meet the objectives of the Natura network. Be that as it may, the commission’s report stated that up to 80% of respondents belonging to the agricultural and forestry sector thought at the time of polling that the European directives to safeguard biodiversity were not very important.



We do not agree with Moreira et al. (2011) [83] when they mentioned that the interventions to be carried out in the Natura 2000 network should promote the renaturalisation process, that is, the homeostatic capacity of natural ecosystems and their degree of resilience, because although this is true, it does not seem to be enough. In this regard, we believe that the preventive measures and infrastructures to be developed in the Natura 2000 network should tend to the integral recovery of the rural environment, as well as the recovery of certain traditional forestry practices aimed at, for example, eliminating fuel, and even to the economic use of small masses of hardwoods, because the landowner only considers his land to be valuable if he obtains remuneration from it (financial or otherwise). At this point it is worth recalling the existence of a direct relationship between forest fires and social conflicts [29,30,31], as well as the relationship between ineffective forest policies and forest fires [32,33,34]. This is particularly important in regions such as Galicia, where arson forest fires are very frequent. It should also be remembered that biodiversity protection measures can lead to land abandonment, which can lead to an increase in the number of fires by favouring the growth of available fuel [35,36,37,38,41,42,43]. In any case, a better understanding of the causes of conflict and respect for the traditional practices of local communities will help the Natura 2000 network be more successful.




5. Conclusions


In view of the various controversies that have accompanied the Natura 2000 network since its creation, as mentioned at the beginning of this article, it was necessary to analyse the result that it has had on the fire regime, since in Galicia, as has been said, most forest fires are human-caused. In this sense, an increase in the number of wildfires occurring in the SACs or an increase in the burnt area could indicate a rejection of the Natura 2000 network. It was also necessary for our study to focus on the MVMCs, due to the great importance of the MVMCs in the forestry sector in Galicia. This allowed us to observe the differences that exist in different types of property.



Once the necessary calculations were made, we found that the answers to the three questions posed, with which we intended to evaluate the effects of the Natura 2000 network on the fire regime, were uneven. However, in terms of the results obtained, it can be said that the declaration of protection has not brought any benefit to the fire regime for the SACs. On the contrary, the significant increase in burned area in these areas seems to indicate a certain rejection of the Natura 2000 network, mainly by privately owned farms and not communal ownerships such as MVMCs. However, this increase may be due to many other causes not analysed in this study. Therefore, future work should focus on the possible relationship between the occurrence of fires and the property regime. The socio-economic conditions of protected areas also need to be considered, since if the population of those areas perceives the Natura 2000 network as a risk to their living conditions, they will hardly accept it.



It is also necessary to analyse whether the criteria used by the Natura 2000 network in its classification are the most appropriate. For example, although Article 2 of the Habitats Directive [1] states that economic, social and cultural requirements must be taken into account, it should be remembered that socio-economic conditions were not taken into account during the selection process [78]. Consequently, if the criteria are not appropriate, it is very likely that the result obtained will be very unfavourable or that there will be some social opposition. If the Natura 2000 network areas had been selected on purely environmental criteria, the number of fires would certainly be lower, as shown by official statistics for those SACs that do have outstanding environmental value [66]. In fact, as mentioned above, the fact that these SACs have a high ecological value is due to the absence of forest fires. However, in most cases the SAC classification seemed to respond only to the legal obligation to reach a sufficient surface area. At the same time, the classification tried to focus on less populated areas, probably in order to obtain less social opposition. This can be seen in Figure A1 of Appendix A [84], where it can be observed that the Natura 2000 network is mainly located in the most depopulated municipalities of Galicia (West Zone) and in those municipalities where there was a greater loss of population between 2001 and 2014. By acting in this way, it is likely that areas that do not have the ecological value necessary to be protected are being protected, while areas of high ecological value remain unprotected. Anyway, we understand that the success of the Natura 2000 network will depend, to a large extent, either on promoting the socio-economic development of the resident population in the protected lands (which would have the detrimental effect of promoting the abandonment of land), or, preferably, on allowing the economic use that has traditionally occurred in the protected lands. It should be recalled in this regard that it has been the local communities who, through sustainable management of resources, have so far conserved these lands [9]. In any case, the success of the Natura 2000 network will require the observation of environmental and socio-economic factors as well as analysis of the consequences that the implementation and management of this ecological network have for the rural population.
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Table A1. Fuel models according to MFE.
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Grupo

	
Code

	
Definition






	
No data

	
0

	
No information available




	
Grassland

	
1

	
Thin, dry, low grass, completely covering the ground.




	
Some scattered woody plants may appear, occupying less than 1/3 of the surface.




	
Fuel quantity (dry matter): 1–2 t/ha.




	
2

	
Thin, dry, low grass, completely covering the ground.




	
Scattered woody plants cover 1/3 to 2/3 of the area, but fire spread is through grass.




	
Fuel quantity (dry matter): 5–10 t/ha.




	
3

	
Thick, dense, dry, tall grass (>1 m).




	
There may be some scattered woody plants.




	
Fuel quantity (dry matter): 4–6 t/ha.




	
Scrubland

	
4

	
Very dense thicket or young plantation; over 2 m high; with dead branches inside.




	
Spread of fire through plant canopies.




	
Fuel quantity (dry matter): 25–35 t/ha.




	
5

	
Dense green scrub, less than 1 m high.




	
Spread of fire through leaf litter and grass.




	
Fuel quantity (dry matter): 5–8 t/ha.




	
6

	
Similar to model 5, but with more flammable species or with cuttings and larger plants.




	
Fire spread in moderate to strong winds.




	
Fuel quantity (dry matter): 10–15 t/ha.




	
7

	
Scrubland of highly flammable species; 0.5 to 2 m high, located as undergrowth in coniferous stands.




	
Fuel quantity (dry matter): 10–15 t/ha.




	
Litter under trees

	
8

	
Dense forest, no scrub.




	
Spread of fire through tightly packed leaf litter.




	
Fuel quantity (dry matter): 10–12 t/ha.




	
9

	
Similar to model 8, but with less compact litter, consisting of long, stiff needles or foliage of large-leaved broadleaves.




	
Fuel quantity (dry matter): 7–9 t/ha.




	
10

	
Forest with a large amount of firewood and fallen trees, as a consequence of windstorms, intense pests, etc.




	
Fuel quantity (dry matter): 30–35 t/ha.




	
Pruning and forestry residues

	
11

	
Clear and heavily thinned forest. Remains of pruning or thinning.




	
Scattered pruning or thinning debris, with herbaceous plants resprouting.




	
Fuel quantity (dry matter): 25–30 t/ha.




	
12

	
Predominance of debris over trees.




	
Remains of pruning or thinning covering the whole ground.




	
Fuel quantity (dry matter): 50–80 t/ha.




	
13

	
Large accumulations of coarse and heavy debris, covering the entire ground.




	
Fuel quantity (dry matter): 100–150 t/ha.
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Figure A1. Evolution of population (2001–2014) and protected area by municipality. 
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Figure 1. Location map with the distribution of the MVMCs (neighbouring forests in common ownership) and SACs (special conservation areas) in Galicia. 
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Figure 2. The distribution of the MVMCs and SACs in Galicia. 
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Figure 3. The distribution of the climatological stations used in the study and the historical evolution of temperature and precipitation during the study period. The temperatures used were mean minimum temperature (ta_min), mean maximum temperature (ta_max) and mean temperature (ta_av). The annual precipitation (P) was measured in mm. The historical evolution of the number of human-induced fires was superimposed on the climate charts. 
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Figure 4. Overview of the methodological process. The superposition of several layers of information (forest fires, MVMC and SAC) allowed us to determine whether there were differences in the occurrence of forest fires in each of the different territorial units analysed. 
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Figure 5. Official mapping of SACs and MVMCs (2021), showing the distribution of Galician MVMCs where human-induced forest fires occurred during the period under review compared to the distribution of SACs. Both layers intersect to create the territorial units MVMC-SAC and MVMC no SAC. The coordinate reference system used in the production of the maps was ETRS89/UTM Zone 29N. 
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Figure 6. Cartography of intersections. Occurrence of forest fires in MVMC ꓵ SAC intersection zones and in MVMCs outside SACs. By intersecting the SAC (grey colour), forest fires (yellow colour) and MVMC (brown colour) layers, we obtained the territorial units in which the different occurrences of forest fires were subsequently analysed. The ochre colour shows the areas included in the territorial unit MVMC no SAC. The coordinate reference system used in the production of the maps was ETRS89/ UTM Zone 29N. 
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Figure 7. The image shows the intersection of the MVMC-SAC (with a squared pattern) and MVMC no SAC with the Spanish forest map (MFE), allowing for the evaluation of existing fuel models in each of them as well as any differences. 






Figure 7. The image shows the intersection of the MVMC-SAC (with a squared pattern) and MVMC no SAC with the Spanish forest map (MFE), allowing for the evaluation of existing fuel models in each of them as well as any differences.



[image: Forests 13 01161 g007]







[image: Forests 13 01161 g008 550] 





Figure 8. Fuel models in MVMC no SAC and in MVMC-SAC. The most frequent fuel model in both territorial units was scrubland, with very similar percentages in both cases. The remaining fuel models were very poorly represented in MVMC-SAC and MVMC no SAC. 
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Figure 9. Percentage of human-caused fires in the territorial units of study for the period 1999–2014. Human-caused forest fires are those where the cause is coded as unknown, negligence or arson. 
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Figure 10. Percentage of human-caused forest fires in the territorial units of study for the period 1999–2014. Shown are the mean value of human-caused fires before (blue colour) and after 2004 (ochre colour), and the percentage reduction that occurred after 2004. As can be seen, the highest percentage of human-caused forest fires after 2004 was found in the SACs, as well as the lowest percentage reduction. 
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Figure 11. Historical evolution (1999–2014) of the fire rate in each territorial group analysed. After 2004, the rate of forest fires for the different territorial groups analysed tended to converge. 
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Figure 12. Fire rate (yellow and grey dots) and area burned by fire in each territorial study unit before and after 2004. Fire rates (periods 1999–2004, and 2005–2014) are also included. The area burnt was higher after 2004 in all the territorial units analysed, while fire rates were lower for the same period. 
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Figure 13. The area burnt per fire (AB/fire) and the rate of fires per 100 ha in the SACs (orange dots) during the study period. The decrease in the fire rate is similar to that observed in Galicia. A notable increase in the area burnt per fire is observable. 
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Figure 14. The area burnt per fire (AB/fire) and the rate of fires per 100 ha (orange dots) in the MVMC-SAC during the study period. The decrease in the fire rate is similar to that observed in Galicia. Except for a very remarkable increase in 2010, no major differences were seen in the area burned by fire. 
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Figure 15. The area burnt per fire (AB/fire) and the rate of fires per 100 ha (orange and yellow dots) in MVMC-SAC and MVMC no SAC during the study period. The rate of fires per 100 hectares in both territorial units was similar after 2005. 
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Table 1. Official databases used in the study.
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	Type
	Source
	Format
	Fields





	MVMC
	CMR
	Shape
	Identification number, name, area, date of classification, municipality, forest district, province, type of management (public or private). Year 2019.



	SAC
	MITERD
	Shape
	Identification code, name and surface. Year 2019.



	Fires
	MAPA
	Shape
	Identification code, location data (province, municipality, leaf, grid, spindle, UTM coordinates), cause, total affected area and affected area according to type of property and vegetation plot, date of detection. Period 1999–2014.



	MFE
	MITECO
	Shape
	A number of fields describing the ecology and structure of the masses, including the dominant species or fuel model.
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Table 2. For each territorial unit studied, table shows the number of human-caused forest fires and the rate of forest fires (fires/100 ha). The differences between the periods studied are shown in two ways: through a quotient of the averages (<2004/≥2005) and through the percentage reduction observed in the forest fire rates (fires/100 ha).






Table 2. For each territorial unit studied, table shows the number of human-caused forest fires and the rate of forest fires (fires/100 ha). The differences between the periods studied are shown in two ways: through a quotient of the averages (<2004/≥2005) and through the percentage reduction observed in the forest fire rates (fires/100 ha).





	
Year

	
Human-Caused Forest Fires and Fires/100 ha




	
Galicia

	
MVMC

	
SAC

	
MVMC-SAC

	
MVMC no SAC




	
Fires

	
F/100 ha

	
Fires

	
F/100 ha

	
Fires

	
F/100 ha

	
Fires

	
F/100 ha

	
Fires

	
F/100 ha






	
<2004 TOTAL

	
56,559

	
3.14

	
17,208

	
2.66

	
5787

	
1.54

	
2302

	
1.41

	
14,906

	
3.08




	
≥2005 TOTAL

	
39,909

	
2.22

	
9268

	
1.43

	
3888

	
1.04

	
1447

	
0.89

	
7821

	
1.61




	
Av < 2004 (1)

	
9426.5

	
0.52

	
2868

	
0.44

	
964.5

	
0.26

	
383.67

	
0.24

	
2484.33

	
0.51




	
Av ≥ 2005 (2)

	
3990.9

	
0.22

	
926.8

	
0.14

	
388.8

	
0.10

	
144.7

	
0.09

	
782.1

	
0.16




	
½

	
2.36

	
3.09

	
2.48

	
2.65

	
3.18




	
% Reduction

	
57.66

	
67.68

	
59.69

	
62.28

	
68.52
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Table 3. Area burned by forest fire (AB/fires, ha) and percentage of the area burned over the total area (%/ST) in the territorial units of study, period 1999–2014. As in the previous tables, the percentage reduction is shown.
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Year

	
Galicia

	
MVMC TOTAL

	
SAC

	
MVMC SAC

	
MVMC NO SAC




	
AB/Fire

	
% s ST

	
AB/Fire

	
% s ST

	
AB/Fire

	
% s ST

	
AB/Fire

	
% s ST

	
AB/Fire

	
% s ST






	
Av < 04

	
2.42

	
1.32

	
3.12

	
1.42

	
3.62

	
0.97

	
3.97

	
0.95

	
2.89

	
1.52




	
Av ≥ 05

	
5.05

	
1.34

	
10.42

	
1.59

	
12.04

	
1.08

	
6.64

	
0.66

	
8.20

	
1.62




	
% Red

	
−108.76

	
−1.40

	
−233.36

	
−11.50

	
−232.68

	
−11.50

	
−67.36

	
30.96

	
−183.79

	
−6.46
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Table 4. Significant differences in the rate of forest fires and in the area burned by fire (BA/wildfire) in SACs, before and after 2004.
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SAC before and after 2004




	

	
Fire Rate

	
AB/Fire






	

	
1999/04

	
2005/14

	
1999/04

	
2005/14




	
Average

	
0.257

	
0.1036

	
3.62

	
12.04




	
Variance

	
0.0018

	
0.005

	
1.824

	
71.5




	
Remarks

	
6

	
10

	
6

	
10




	
Grouped variance

	
0.0039

	

	
46.61

	




	
Degrees of freedom

	
14

	

	
14

	




	
Statistic t

	
4.7701

	

	
−3.0842

	




	
P(T≤t) two tails

	
0.0003

	

	
0.0115

	




	
Critical value of t (two queues)

	
2.1447

	

	
2.2281

	




	
Conclusion

	
There are significant differences

	
There are significant differences
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Table 5. Significant differences in the rate of forest fires and in the area burned by fire (BA/wildfire) in MVMC with SAC, before and after 2004.
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MVMC–SAC before and after 2004




	

	
Fire Rate

	
AB/Fire






	

	
1999/04

	
2005/14

	
1999/04

	
2005/14




	
Average

	
0.235

	
0.088

	
3.96

	
6.64




	
Variance

	
0.002

	
0.004

	
1.63

	
23.92




	
Remarks

	
6

	
10

	
6

	
10




	
Grouped variance

	
0.0036

	

	
15.9616

	




	
Degrees of freedom

	
14

	

	
14

	




	
Statistic t

	
4.6952

	

	
−1.6372

	




	
P(T≤t) two tails

	
0.0003

	

	
0.1298

	




	
Critical value of t (two queues)

	
2.1447

	

	
2.2009

	




	
Conclusion

	
There are significant differences

	
No significant differences
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Table 6. Significant differences in the rate of forest fires and in the area burned by fire (BA/wildfire) in MVMC-SAC and MVMC no SAC after 2004.
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MVMC-SAC and MVMC no SAC (AB/Fire)




	

	
Fire Rate

	
AB/Fires






	

	
MVMC_SAC

	
MVMC no SAC

	
MVMC_SAC

	
MVMC no SAC




	
Average

	
0.089

	
0.161

	
6.64

	
8.19




	
Variance

	
0.004

	
0.029

	
23.92

	
47.1




	
Remarks

	
10

	
10

	
10

	
10




	
Grouped variance

	
0.0166

	

	
35.5121

	




	
Degrees of freedom

	
18

	

	
18

	




	
Statistic t

	
−1.2621

	

	
−0.5841

	




	
P(T≤t) two tails

	
0.2309

	

	
0.5663

	




	
Critical value of t (two queues)

	
2.1788

	

	
2.1009

	




	
Conclusion

	
No significant differences

	
No significant differences
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Table 7. The results obtained in the statistical analysis for each of the questions posed.
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	Issues
	Fire Rate

(Wildfire/100 ha)
	AB/Fire





	1. Is there a significant difference in the number of fires and/or the area burnt/fire before and after 2004 in the SACs?
	Yes
	Yes



	2. In the MVMC-SACs, is there a significant difference in the number of fires and/or in the area burnt/fire before and after 2004?
	Yes
	No



	3. Was there a significant difference in the fire regimes of MVMC-SAC and MVMC no SAC after 2004?
	No
	No
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