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Global wildfire activity has experienced a dramatic surge since 2017. From Chile [1] to Indonesia [2], unprecedented fire behavior has occurred in many areas worldwide including, but not limited to, Portugal [3], Siberia [4], Australia [5,6], the Amazon and Orinoco basins [7], and the Western US [8]. This surge in global wildfire activity has led to a dramatic raise in human fatalities, and in socio-economic and ecological losses.



Wildfires have been ravaging through both fire-prone and non-fire-prone ecosystems. Although wildfires are regarded as a natural phenomenon in fire-prone ecosystems, and are necessary for the successful establishment and regeneration of many species, their positive effects are limited to instances in which the current fire regime resembles that under which the affected species evolved [9]. As the components of the fire regime change because of global change (including the frequency, intensity, and timing of forest fires), many species will experience a novel disturbance regime and, consequently, we can expect a reorganization in many ecosystems worldwide, potentially shifting towards an increase in ruderal species (ruderalization) [10].



Wildfires have also become increasingly common in many non-fire-prone ecosystems [11]. We have observed dramatic wildfires in the rainforests of the Amazon associated with deforestation, land use change, and other processes [12]. Additionally, increasing numbers of holdover fires beyond the Arctic circle, which resurface after burning underground during the winter, have been linked to a proliferation of spring and summer surface wildfires in the Arctic [4]. The effects of catastrophic wildfire on non-fire-prone ecosystems will be even more dramatic than in fire-prone ecosystems.



The currently ongoing, global change-induced, intensification of the fire regime has escalated from being primarily an ecological problem to also becoming a civil protection issue. For example, in Southern Europe, the number of wildfire fatalities over the last 13 years (473 fatalities) [13,14] has exceeded the number of fatalities in terrorist attacks in the entire European Union (448 victims) [15] (Figure 1). Wildfires also potentially pose a security threat by directly threatening defense infrastructure and diverting defense personnel to provide humanitarian assistance and disaster relief, as occurred during the 2019/2020 fire season in Australia [16].



Wildfires are also becoming an increasing public health issue. Smoke from wildfires is currently estimated to be the direct cause of death of 339,000 people annually [17], and there is a well-documented increase in hospital admissions due to smoke-enhanced cardiovascular and respiratory conditions, amongst others [18]. In interaction with the current pandemic, wildfire smoke could increase hospital admissions by 10% in areas affected by large wildfire [19]. Wildfires could also act as vectors for transporting airborne pathogens [20].



Extreme wildfires are also extending their impacts to an increasing range of sectors, including agriculture, infrastructure, transport, and tourism, to name a few, resulting in declines in consumer activity and large economic impacts [21].



Wildfires also alter the climatic system in a myriad of ways. Direct effects include enhanced carbon emissions, currently estimated at ~10% of fossil fuel emissions [22]. However, other contributions are more difficult to quantify. Wildfires alter albedo, with important consequences for the energy balance and fostering warming in tropical, but cooling in boreal ecosystems [23]. Wildfires also affect the water balance [24], and the capacity for future C sequestration in burned ecosystems may be reduced, relative to that prior to fire, when wildfires induce large-scale land degradation [9].



All in all, it appears that we are simply witnessing the “preview” of the havoc that climate change will bring for future fire regimes. In fact, a commonality across all the changes in the fire regime previously mentioned was a very marked increase in vapor pressure deficit, a very marked driver of fire activity [25,26], resulting from living in a 1 °C warmer world. As climate projections for the end of the century converge into a likely 3 °C warming scenario [27], we can expect, at least in the short term, a further intensification of the fire regime.



Increases in fire danger induced by climate change call for a re-evaluation of current approaches for assessing the likelihood of a catastrophic fire. Seasonal changes in wildfire likelihood result from changes in fuel moisture and in fire weather that, when an ignition source is provided, can lead to catastrophic wildfire if fuel build up is large enough [28]. The challenge lies in developing a quantitative and mechanistic understanding of fire danger that is deep enough to allow accurate forecasting, yet simple enough that can be used for operational purposes.



Traditional approaches for forecasting seasonal changes in fire weather relied on developing fire weather and danger indices that, often, seek to estimate fuel moisture and potential fire spread depending on past meteorological conditions. These indices have shown mixed success in predicting fire danger [29,30], and they have not been exempt from criticism [31]. Developing an early warning system for catastrophic fire, which predicts when and where critical wildfires will occur, as well as educating the populace on how to interpret these predictions, has become an increasing necessity [3].



Understanding changes in fire danger requires integration across multiple spatial and temporal scales: from leaves to regions, and from days to decades. This was the motivation to put forward this Special Issue on Forest Fire Risk Prediction: to provide the tools for improving fire danger forecasts in the 21st century. The Special Issue comprises 13 articles, touching upon different aspects of fire danger along a continuum of scales.



Broadly speaking, the articles contained in this Special Issue can be grouped into four topics. The first topic is the use of fire danger metrics and other approaches to understand variation in wildfire activity. The opening article by Fernandes [32] examines the thresholds in a widespread indicator of fire danger, the Fire Weather Index (FWI), associated with wildfires of different sizes across Portugal. Varela et al. [33] use the FWI to identify future vulnerability of archaeological and touristic sites in Greece. The study of Ma et al. [34] presents a broad assessment on the drivers of wildfire activity in China using random forest algorithms, and the study by Milanović et al. [35] additionally compares random forest with logistic regressions to estimate fire probability in Serbia. Zong et al. [36] uses a historical analysis of the drivers of forest fire in Central Asia to project changes under climate change in the 21st century.



The second topic covered by this Special Issue is devoted to understanding changes in the flammability of live fuel. Nolan et al. [37] review the mechanisms driving live fuel moisture content and propose a novel model that moves the field forward. Balaguer–Romano et al. [38] explore the hypothesis that needle senescence could affect wildfire behavior in Mediterranean pine forests. How to provide regional estimates of live fuel moisture content is explored by Luo et al. [39], who provide a case study for SW China. Della Rocca, et al. [40] address interactions between pathogen infections and flammability. Also along these lines, Collins et al. [41] address the effects of repeated fires on burn severity.



The third topic covered in this Special Issue is modeling dead fuel moisture content. Zhang and Sun [42] compare two methods for estimating diurnal changes in fine litter moisture. Log [43] further assesses moisture diffusion coefficients in Calluna vulgaris to better inform prescribed fire practices.



Finally, the study of Ma et al. [44] compares the emission factors of Chinese tree species ranging from Boreal to subtropical environments, and they present intriguing evidence indicating that wildfires could acidify forest ecosystems because of emissions. This varied collection of articles indicates that progress in fire danger predictions comes from a multidisciplinary and varied approach.



The cradle of Western civilization lies in Ancient Greece. They laid the foundations of science and democracy. As climate change intensifies worldwide, wildfires are even threatening the archaeological remains from Ancient Greece [33]. In his work The Republic, the Greek philosopher Plato wrote the Allegory of the Cave, where men living in the bottom of a cave perceived reality only through shadows and they were afraid of reaching out of the cave to see reality as it is. The only escapee from the cave who saw the actual world was the one who embraced knowledge. If we have any chance to prevent the worsening of the wildfire problem, we need now, more than ever, to resort back to logic and reason. This Special Issue is a testament to the fact that we have the knowledge and technical capability to anticipate the effects of global warming on wildfires. The challenge lies in convincing policy makers, managers, stakeholders, and all the other actors involved to follow through and take evidence-based decisions. The challenge lies in getting out of Plato’s cave.
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Figure 1. The number of fatalities resulting from wildfires is now larger than the number of terrorism victims in the European Union. We compiled data on people killed by terrorism in the EU since Europol TE-SAT reports [15] started in 2006 with data on wildfire fatalities for Southern Europe (Portugal, Spain, Greece, and Sardinia) [13,14]. 
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