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Abstract

:

The year 2017 was a megafire year, when huge areas burned on different continents. In Brazil, a great extension of the Cerrado burned, raising once more the discussion about the “zero-fire” policy. Indeed, most protected areas of the Cerrado adopted a policy of fire exclusion and prevention, leading to periodic megafire events. Last year, 78% of the Chapada dos Veadeiros National Park burned at the end of the dry season, attracting media attention. Furthermore, 85% of the Reserva Natural Serra do Tombador burned as a result of a large accumulation of fuel caused by the zero-fire policy. In 2014, some protected areas started to implement the Integrate Fire Management (IFM) strategy. During 2017, in contrast to other protected areas, the Estação Ecológica Serra Geral do Tocantins experienced no megafire events, suggesting that a few years of IFM implementation led to changes in its fire regime. Therefore, we intended here to compare the total burned area and number of fire scars between the protected areas where IFM was implemented and those where fire exclusion is the adopted policy. The use of fire as a management tool aimed at wildfire prevention and biodiversity preservation should be reconsidered by local managers and environmental authorities for most Cerrado protected areas, especially those where open savanna physiognomies prevail. Changing the paradigm is a hard task, but last year’s events showed the zero-fire policy would bring more damage than benefits to Cerrado protected areas.
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1. A Brief History of Wildfires


Fire shapes vegetation throughout the world, contributing to the diversification of angiosperms and influencing the evolution and distribution of ecosystems [1,2]. Basically, fires are controlled by fuel load, environmental conditions and ignitions [3]. Natural fires, mainly caused by lightning strikes or volcanic activities, have occurred since the Silurian period (420 Myr) [4]. However, around 300,000–400,000 years ago, hominids began to use fire for domestic activities [4], which increased fire frequency [5]. In the 19th century, the biomass burned by wildfires increased, probably associated with more ignitions brought on by a larger human population [6].



Man has modified fire regimes in fire-prone ecosystems by increasing fire incidence and changing the burning timing, or by suppressing fire [7,8,9]. In all cases, altered fire regimes have led to changes in the vegetation structure, composition, biomass, fuel quality and continuity [5,10,11].




2. 2017: The Year of the Megafires


Megafires are distinguished from other wildfires, not only by the huge extent of their burn—over 100, 500 or 1000 ha, depending on the classification adopted [12]—but also, and especially, because of their impact and the difficulty of extinguishing them [13]. They result from extreme climatic conditions (hot, dry, windy) together with high fuel availability and can occur as either an isolated event or as a cumulation of several fire events [14].



High amounts of carbon dioxide and other gases, as well as aerosols and particulate material, are emitted into the atmosphere during these megafires [15,16], affecting the global balance of gases and radiation, and contributing to global warming and harming humans’ health [11]. Megafires bring other negative social-economic impacts [17,18] such as human fatalities and property loss [19]; still, the cost of extinguishing them is very high. Therefore, megafires affect people both economically and emotionally [17].



In the last decades, the combination of human activities and climate change put the world fire dynamics under constant change and an intensification of extreme wildfire events has been registered [20]. The year 2017 was a megafire year—different continents experienced wildfires that lasted for several days or weeks. Portugal, Spain and the United Sates registered record fires, either in severity or burned extension, which cost several lives [20] and attracted significant media interest.



In the United States, almost four million hectares burned in 2017, a much higher value than the 10-year average [21]. California had devastating wildfires from October to December—the Thomas Fire became the largest wildfire ever recorded in that state [20]. In total, 41 people died during California’s 2017 megafires [22]. The same year, Portugal and Spain also experienced the worst wildfire season of this century. In Portugal, the extent of the burn was four times the average area burned annually in the last decade [23], and 112 people died [24]. Spain had the highest number of forest fires of a decade [25]. Both countries have experienced drastic land use changes since the 1950s, where a combination of afforestation with dense stands of long-needled flammable pines, forest management without biomass removal, and shrub encroachment on abandoned lands drastically increased the fire risk [26,27]. Very recently, in 2018, megafire events happened again in California, due to heat waves, burning huge areas and threatening human lives and properties.



The 2017 fire season in Brazil recorded some of the highest values of burned area (628,000 km2) and numbers of active fires (114,217) since 2001, when the record-keeping began [28] (Figure 1). While the number of active fires per year in the Amazon and Cerrado remained high and similar to previous years (Figure 1A), the mean annual burned area increased significantly (2-ways ANOVA: F = 2.699, p = 0.027) in both biomes during the past three years (Figure 1B). The mean annual burned area in the Amazon increased four-fold from 2011–2014 to 2015–2017 (from 57,206 ± 25,334 to 205,236 ± 28,113 km2). In the Cerrado, the burned area almost doubled during the same period: From 147,991 ± 4202 to 262,114 ± 19,026 km2. That expansion of the annual burned area was mainly caused by megafires.




3. Fires in the Cerrado


The Cerrado is dominated by savannas, whose biota and ecological processes have been shaped by fire for at least four million years [29]; therefore, plants and animals show several fire-related traits [30]. This savanna region comprises a mosaic of different physiognomies—from grasslands (e.g., campo limpo) to typical savannas (e.g., campo sujo, campo cerrado, cerrado sensu stricto) and forest (cerradão)—which are related to fire frequency, among other factors. Fire opens up the physiognomy by killing young arboreal individuals [31]; it then tends to be more frequent in the more open physiognomies, while cerradão rarely burns [32]. Natural fires in the Cerrado usually occur in the wet season or in the seasonal transition months, commonly with a frequency of three to eight years, and are caused by lightning strikes [30]. However, the fire regime has been altered by human activities. In the open physiognomies of the Cerrado used as native pastures, cattle ranchers burn the vegetation annually or biannually, during the period of feed shortage, to promote grass regrowth for the animals. Since this burning happens in the middle or at the end of the dry season, fires get hotter than the natural fires started by lightning in the seasonal transition months, because there is more dead biomass accumulated, which is also drier and leads to more intense and hotter fires [33]. Such cattle ranching fires, as well as fires used to burn remains of agricultural crops, greatly increase the risk of accidental fires in the protected areas (PAs) surrounded by farms and shorten the fire return interval [30,34]. Conversely, fire suppression has been a common policy in the Cerrado’s protected areas (PAs) [35,36,37] and enormous effort is concentrated in the dry season to fight fires within the PAs, which may postpone fire, encourage hot wildfires and lengthen the fire return interval. Fire suppression increases the fuel load, thus enhancing the probability of more intense and severe wildfires; consequently, nutrient cycling slows down, fire-prone species become scarce, invasive species may establish and alterations throughout the entire community may lead to biodiversity loss [35,38,39]. Therefore, as in other fire-prone ecosystems, the disruption of the natural relationship between climate, vegetation and fire has profoundly changed the Cerrado environment and biota.




4. The “Zero-Fire” Policy in the Cerrado and Its Consequences


The “zero-fire” policy is common in the Cerrado PAs, where fire has been extinguished or prevented, especially by the establishment of firebreaks [35]. It is our main goal in this paper to show, using case studies, that the zero-fire policy is not adequate in most Cerrado PAs—especially those dominated by open physiognomies—where this policy has led to wildfires that have consumed vast areas. In the dry season, wildfire is a major problem faced by PA managers and neighboring areas. The Serra do Cipó National Park (Figure 2) is one example. From 1984 to 2014, ca. 90% of the park area burned at least once and most fires were human-driven [40]. Although the number of fires per year and the fire frequency decreased after excluding cattle from the park, the total burned area remained constant [41]. The same pattern was observed in Serra da Canastra National Park (Figure 2). From 2001 to 2015, at least 30% of the park burned annually and ca. 70% of the total area burned every two to three years, mostly due to land use conflicts among neighboring communities [37]. In 2010, a megafire burned more than 50% of the park [37]. The year 2010 was characterized by one of the strongest droughts in the century related to the Atlantic Multidecadal Oscillation index, which also contributed to the high frequency of fires in the Amazon [42]. Thus, the drought of that year, associated to the long period of biomass accumulation caused by the zero-fire policy, possibly led to huge fires in 2010. Moreover, social conflicts generated by an incompatibility between the official policy of fire exclusion and the local people’s goals and desires also influenced the high occurrence of wildfires in the Cerrado in that year.



We will examine in more detail the fire patterns from 2010 to 2017 in two Cerrado PAs, the Chapada dos Veadeiros National Park (CVNP) and the Estação Ecológica Serra Geral do Tocantins (ESEC-SGT, Figure 2). These two examples were chosen because an Integrated Fire Management (IFM) strategy was adopted at ESEC-SGT in 2014, and on a very small scale at CVNP in 2017.



In 2017, a megafire burned 504 km2 (78%) of the CVNP, seven years after a previous megafire burned 68% of the park (Figure 3). According to Alvarado et al. [40], negative rainfall anomalies during the fire season (May–October) can increase the burned area. In the region of the CVNP and the Reserva Natural Serra do Tombador (RNST), rains usually start at the end of September to beginning of October. However, in 2017 the dry season extended until mid-end of October, leading to a longer dry season. The regular rainfall began only in the end of October, which extinguished naturally fire in several areas and helped local firefighters to control this megafire event. Although in 2017 the number of individual fire scars detected from MODIS satellite images was lower, while the mean fire size was greater (Figure 4A). CVNP started to implement the Integrated Fire Management (IFM) strategy in 2017, but the park’s managed area was still not enough to prevent the 2017 megafire. Another example is the Reserva Natural Serra do Tombador (RNST), 85% of which was burned in October 2017 (Claudio Henschel, personal communication) and wildfires were only controlled also when regular rains started (end of October, Juraci Amorim, personal communication). Wildfires in 2001 and 2007 burned, respectively, 45% and 51% of the RNST [43]. The accumulated biomass was two-fold higher in areas without fire for seven years and three-fold higher in areas without fire for 12 years (Zanzarini, unpublished data). The amount of dead biomass tends to increase with a longer fire return interval [41] and with an abundance of invasive grasses, which produce much biomass and significantly increase the fuel load [44], leading to more intense fires [45]. Therefore, we believe that the high amount of accumulated fuel due to the zero-fire policy in the RNST was the main reason for the megafires.



A contrasting example is the Estação Ecológica Serra Geral do Tocantins (ESEC-SGT), whose fire management history has inspired paradigm shifts on fire management. The ESEC-SGT was one of the most burned Cerrado PAs. From 2001 to 2014, fire management within the ESEC-SGT was focused on fire suppression, but decisions were not based on scientific advice or local communities’ knowledge and needs. In 2014, an IFM based on prescribed burns was implemented and led to immediate changes in the fire regime between 2014 and 2016 [46]. The IFM approach was to burn patches of open physiognomies from the end of the wet season to the middle of the dry season in order to form a patchy mosaic of areas burned in different years. The prescribed burnings were conducted in May, when fuel moisture was higher and the fires would be cool and easier to control [33,39], and covered an area of ca. 500 ha in the ESEC-SGT. In the following years, the areas for prescribed burnings were extended: 49,000 ha in 2015; 94,000 ha in 2016 and 93,000 ha in 2017. Prescribed burnings were usually carried out no later than July to keep fires cool or mild. From August onwards, wildfires were controlled to protect some fire-sensitive vegetation types (e.g., gallery forests). The previously managed areas also acted as firebreaks.



Comparing the ESEC-SGT and CVNP in the period 2010–2017, the first PA shows a pattern of large-area fires before the IFM implementation, in either a small number (2014) or a great number (2010), on a four-year return interval (since fires from 2011–2013 were very few or very small, Figure 4). However, after the IFM implementation (2014), a pattern of several smaller fires began with a tendency of reduction in the PA’s total burned area (from 2207.7 ± 515.5 km2 prior to 2015 to 2178.6 ± 238.5 km2 after 2015) and a significant reduction in the mean size of fire scars (from 12.5 ± 4.0 km2 prior to 2015 to 8.1 ± 1.7 km2 after 2015, one-way ANOVA, F = 9.125, P = 0.0026, Figure 4B). Before 2015, the maximum scar size ranged between 206.9 to 517.7 km2; after that year, it decreased to 76.2–169.2 km2. The megafire events of 2017 did not severely affect ESEC-SGT (Figure 3), probably as a result of the four years of consistent IFM. The total burned area in 2017 was the smallest since the implementation of the IFM (chi2 test, p ≤ 0.0001) at the ESEC-SGT (Figure 3 and Figure 4B). In the CVNP, however, a different pattern was observed after 2015, with high fuel buildup in the years 2014–2016 (due to firefighting policy) and a megafire in 2017, showing the greatest total burned area from 2010–2017 (chi2 test, p ≤ 0.0001, Figure 3 and Figure 4A).




5. To Burn or Let It Burn?


The trend of fire banishment in nature preserves was associated with the perception that fire is essentially destructive and disruptive of ecosystem stability, a degradation agent [47]. Because of this, fire suppression was the rule in the North American, Australian and South African PAs until the 1960s. However, the difficulty in controlling megafires resulting from biomass accumulation and the advance of ecological knowledge convinced the authorities that fire was actually beneficial and necessary, and the policy of fire exclusion then shifted to one of fire management in these countries [48,49,50].



Management focused on fire suppression still prevails in PAs that aim to protect the Cerrado vegetation. Consequently, local managers and fire brigades spend considerable effort, time and money to establish firebreaks or to extinguish fires.



A comparison of the number of fire scars per year and the average area of scars between the Cerrado PAs with a fire-exclusion policy and the areas not protected from fire (Figure 5) reveals distinct patterns: Areas under fire-exclusion policy usually have fewer but larger fire scars. In the areas not protected from fire, local people increase landscape fragmentation through roads and other human land uses (e.g., houses, crop fields); they may use fire as a management tool for cattle ranching and thus decrease vegetation biomass [51]. Because of this, the area of fire scars was always smaller in the non-protected areas (mean = 14.7 km2), independent of the year (except for 2009), compared to the protected areas (mean = 28.04 km2) (Figure 5).



Taking advantage of the lessons learned from ESEC-SGT and some other examples, several Cerrado National Parks (e.g. Chapada dos Veadeiros, Chapada dos Guimarães, Serra do Cipó, Serra da Canastra, Sempre-Vivas, Araguaia, Nascentes do Rio Parnaíba and Campos Amazônicos) have recently started to use (or are planning to use) prescribed burnings as part of IFM to decrease fuel load and avoid megafires. Some of them also experienced megafires in 2017, even though they had begun to implement IFM on a small scale. It is important to point out that, although several PAs are starting to use IFM, results may differ among them due to several factors, such as the PA size, its geographic location and isolation, human density and activities/pressures in the surroundings, accumulated fuel, operational capacity (firefighters, equipment), training of the local fire brigade, and local community support.



Policymakers and actors involved in management plans must be concerned about the future scenarios under climate change, for which higher wildfire risk—and thus more human and ecological costs—are predicted [52]. In the last decades, fire weather season has been increasing in length, mostly in the tropical biomes [53]. Consequently, fire-related emissions also tend to increase [54]. With that in mind, human activities must be included in the discussion about fire management and policy.



Wildfires are difficult to predict with certainty because we still do not know enough about fire causes, effects and feedbacks [11,18]. Unless we assume that fire will occur sooner or later in some areas and take preventive actions, we will continue to witness catastrophic events and struggle against them. The integration of paleoecological data about past fire regimes could be useful for conservation [57], although that kind of data is still lacking for the Cerrado. Therefore, we suggest moving from a top-down policy approach to one based on the design of adequate measures for the local context. The current experience of implementing IFM in some Cerrado Protected Areas is a good starting point. Greater knowledge on landscape vulnerability and fire impacts and the lessons learned from past experiences must be used to ameliorate wildfire risk assessment, support pro-active fire management and, ultimately, avoid megafires. The approach that is being used to develop the IFM protocols is based on the current national and international scientific knowledge on fire management [46]. To a greater or lesser degree, they attempt to incorporate traditional knowledge, especially when established for indigenous territories. For example, in the Xerente Indigenous Territory, a detailed study was carried out to incorporate indigenous knowledge on IFM procedures [58].



Finally, we believe that local managers of Cerrado PAs should think about using fire as a tool to not only prevent megafires but also maintain Cerrado physiognomies (mostly open savannas and grasslands), ecological processes and biodiversity. We should evaluate the practice of patch mosaic burning (a traditional use of fire by local people) working on the assumption that promoting pyrodiversity can increase biodiversity. Changing paradigms is difficult, but the example of the ESEC-SGT is promising and demonstrates the possible benefits for both ecosystems and the local managers who have to deal with the threat of megafires every year. Local social conflicts might also be resolved.
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Figure 1. Annual active fires (A) and burned area (B) for the six Brazilian biomes from 2001 to 2017 (Source: [28]). 
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Figure 2. Location and surroundings of the Cerrado protected areas: Chapada dos Veadeiros National Park (CVNP), Reserva Natural Serra do Tombador (RNST), Estação Ecológica Serra Geral do Tocantins (ESEC-SGT), Serra da Canastra National Park (SCaNP) and Serra do Cipó National Park (SCNP). Polygons in brighter green indicate the protected areas. Source (background image): Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN and the GIS User Community. 






Figure 2. Location and surroundings of the Cerrado protected areas: Chapada dos Veadeiros National Park (CVNP), Reserva Natural Serra do Tombador (RNST), Estação Ecológica Serra Geral do Tocantins (ESEC-SGT), Serra da Canastra National Park (SCaNP) and Serra do Cipó National Park (SCNP). Polygons in brighter green indicate the protected areas. Source (background image): Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN and the GIS User Community.



[image: Fire 01 00049 g002]







[image: Fire 01 00049 g003 550] 





Figure 3. Fire counts in 2010–2017 for Chapada dos Veadeiros National Park and Estação Ecológica Serra Geral do Tocantins (left); time since last fire, only for the burned area in 2017 (middle); annual percentage of burned area in 2010–2017 (right). 
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Figure 4. Relationship between the number of fire scars per year and the average area of scars in the Chapada dos Veadeiros National Park (A) and Estação Ecológica Serra Geral do Tocantins (B) (Source: DIMIF/ICMBio). (Burn scars were not detected for the CVNP in 2011). 
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Figure 5. Relationship between the number of fire scars per year and the average extension of burn scars in protected and non-protected areas in the Cerrado between 2001 and 2016. Information about the protected status (protected/non-protected) comes from the World Database on Protected Areas (WDPA) [55]. Data source: FRY Global fire patch morphology database [56]. 
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