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Abstract

:

Understanding the role of land use type and topographic features in shaping wildfire regimes received much attention because of the intensification of wildfire activities. The intensifying wildfires in the western United States are a great concern both for the environment and society. We investigate the patterns of wildfire occurrence in the western United States at the landscape level by using 118 wildfires with areas greater than 405 ha in the study year of 2018. The selection ratios were calculated to measure fire preference with regard to land cover type, slope, and aspect. The results suggest that grasslands, steeper slopes, and south-facing aspects were more susceptible to wildfires in the western United States. Additionally, there were regional variations in wildfire susceptibility in Washington, Oregon, and California. The most wildfire-prone land cover type in Washington was mixed forests, whereas that in Oregon and California was grassland. The findings of this study improve the understanding of the role of land use changes and topographic features in shaping wildfire patterns in the western United States, providing insights for managing wildfire risks for forest management strategies at the landscape level.
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1. Introduction


The number and total area of large wildfires (>405 hectares) increased significantly since the mid-1980s, making it a major disturbance to forests in the western United States [1,2,3,4,5,6]. The increasing frequency and severity of wildfires in the western United States exaggerated the interaction between wildfires and landscape characteristics [7,8,9,10,11,12]. For example, wildfires affect forest and non-forest landscape dynamics by stimulating vegetation regeneration and promoting the development of landscape dynamics [13,14,15]. As a result, young stands regenerated from wildfires are less flammable than older stands in boreal forests of North America [16,17,18].



Research on wildfires in the western United States focused on the relationship between climate and wildfires [19,20,21,22,23]. For example, Sierra Nevada in California experienced several catastrophic wildfires owing to the early warming in spring and summer in recent years [24,25,26,27]. Although climate is the dominant factor in the occurrence of large wildfires, other factors such as land cover and topographic features also play an important role [28,29,30,31,32]. Land use types influence forest wildfire regimes (particularly fire size, interval, and intensity) through differences in fuel accumulation and vegetation structure [33,34,35,36]. Topographical features, such as slopes, determine the spread of wildfires, whereas elevation and aspect affect vegetation distribution [37,38].



Previous studies investigated the impact of the land cover type and topographic features on the temporal and spatial patterns of wildfires in southern European countries [37,39,40,41,42]. The concept of “fire selection” was introduced by Manly et al. (1993) [43] to study the resource selection patterns by animals, and it was widely adopted to study the wildfire patterns of different land use types and topographic features [33,39,43,44,45,46,47]. Wildfires are believed to behave selectively for different land use types or topographic features, which indicates that some land use types or features are more prone to wildfires than others. When wildfires have no preference in terms of incidence, fires burn in proportion to the availability of each land cover type.



Land cover, such as shrublands and conifer forests, are found to be more susceptible to wildfires than others, such as wetlands, agricultural areas, and recently burned areas in the Mediterranean areas [33,39,41,45,48,49,50,51]. Land use types, such as grasslands, also have a greater propensity for large wildfires in the United States, whereas land use types, such as croplands, pasture, and developed land, have less propensity [52,53,54]. North-facing areas have higher propensities in northern Portugal [33,45], whereas these areas are less prone to wildfires in southern European countries [37]. Steep slopes are more frequently selected for wildfires in Portugal [33], whereas they are less frequently selected in southern European countries [36,37]. Therefore, wildfire selection patterns exist in relation to land use type, slope, aspect, and there are regional variations among geographic regions.



Fire proneness patterns with regard to land use types and topographic features in Mediterranean countries were thoroughly studied; however, those in the western United States were seldom studied. In contrast, existing research on wildfire risk predictions in the western United States is on a large scale, which provides limited information for firefighters and forest managers at finer scales. This research fills these research gaps and provides useful information by predicting wildfire selection patterns to land cover and topographic features at the landscape scale in the western United States. Therefore, the objective of this study is to explore wildfire selection patterns in relation to land cover types and topographic features in the western United States in 2018 and reveal the regional variations in the three states at the landscape level. The fire selection patterns towards land cover, slope, and aspect were assessed, and the propensities of these factors to fires for the states of Washington, Oregon, and California were quantified and compared. The findings of this research could provide useful information to forestland managers and federal and state agencies regarding the changing wildfire regimes and would enhance firefighters’ awareness of the wildfire and make the right decisions in advance.




2. Materials and Methods


2.1. Study Area


The study area includes three states in the western United States: Washington, Oregon, and California (Figure 1). The state of Washington covers the area of 18.48 million hectares with the population of approximately 7.9 million in 2021 [55]. The majority of Washington resides in the Seattle metropolitan area. The state of Oregon covers an area of 25.48 million hectares with the population of 4.2 million in 2021 [55]. Portland is the largest city in Oregon. California covers an area of 42.40 million hectares, with a population of more than 39 million in 2021 [55]. The Greater Los Angeles area and San Francisco Bay Area are the second and fifth most populated regions in the United States, respectively.



Most of California and southwestern Oregon has a Mediterranean climate, which is characterized by hot and dry summers (July and August) and 50%−80% of the precipitation occurring from October to March [56]. Western Washington and northwestern Oregon have a temperate climate, whereas eastern Washington and eastern Oregon fall into the semi−arid climate with drier weather. Monsoonal lightning strikes start numerous wildfires in June and July before the monsoon rains wet fuel in the fall [57]. Approximately 94% of wildfires in the western United States are seasonal wildfires, and 98% of the burned area is burned between May and October [56]. The start of wildfire season spread north and west, with fire season peaks in August in California but starts in August in western Montana. In addition, the vegetation in southwest and eastern Oregon are grasslands and shrublands, which could contribute to the intensified fire season because of fuel accumulation for 10–18 months before the fire season.




2.2. Wildfire, Land Cover, Slope, and Aspect Maps


2.2.1. Wildfire Map


The fire ignition points and burn area boundaries for wildfires in the western United States were obtained from the United States Department of Agriculture (USDA) Forest Service (2022) [58]. In the database, fires greater than 405 hectares in the western United States between the calendar years of 1984 and 2018 were recorded. To obtain the latest information, the most recent year, 2018, was selected as the target year for wildfires. The ignition points and boundaries for large wildfires in 2018 across the three states of western United States are presented in Figure 2. In total, 118 wildfires occurred with a total burned area of more than 1.5 million hectares.



The percentage of the monthly number of fires and hectares burned in 2018 is presented in Figure 3. Most wildfires in Washington occurred in July and August. Similarly, wildfires in Oregon were also concentrated in July and August. In California, wildfires occur mostly in July. Among these three states, in 2018, California ranked first in terms of area burned (828,703 hectares), followed by Oregon (445,635 hectares) and Washington (241,797 hectares).




2.2.2. Land Cover Map


A land cover map was obtained from Google Developers (2022) for 2018 [59]. There were seventeen land cover types in the database, and these were reaggregated into eight land cover types based on the MODIS Land Cover Type Product (MCD12Q1) user guide. The eight land cover types, along with their percentages in this study, were as follows:




	
Evergreen needleleaf forests (19.6%);



	
Evergreen broadleaf forests (2.18%);



	
Deciduous broadleaf forests (0.06%);



	
Mixed forests (1.97%);



	
Shrublands: closed shrublands, open shrublands (6.08%);



	
Grasslands: woody savannas, savannas, grasslands, and permanent wetlands (49.83%);



	
Croplands: croplands, cropland/natural vegetation mosaics (9.34%);



	
Non-combustible areas: water bodies, barren, permanent snow and ice, and urban and built-up lands (10.94%).








As shown in Figure 4, the dominant forest types in western Washington and Oregon were deciduous broadleaf, evergreen broadleaf, and evergreen needleleaf forests, whereas eastern Washington and Oregon were mainly covered by grasslands. The major forest type in northwest California was evergreen forest, and the rest of California was mainly covered by grasslands and shrublands. Non-combustible areas were excluded from analysis.




2.2.3. Slope and Aspect Maps


The slope and aspect maps were obtained from Google Developers (2022) NASA NASADEM Digital Elevation 30 m database [60]. The slope was divided into five categories: 0%–5%, 5%–10%, 10%–15%, 15%–25%, and >25%. The aspect was classified into five categories: flat, north (315–45°), east (45–135°), south (135–225°), and west (225–315°). The slope and aspect maps are shown in Figure 5.





2.3. Wildfire Proneness


The wildfire proneness is indexed by the computation of selection ratios. The selection ratios were originally proposed by Manly et al. (1993) [43] for the study of resource selection by animals and then first applied to wildfire proneness by Moreira et al. (2001) [39]. The selection ratio is expressed as:


   w i  =    o i     π i     



(1)




where  i  is the given land cover type or topographic class,    o i    is the proportion of burned land cover type or topographic class in the wildfire polygon, and    π i    is the proportion of available land cover type or topographic class in the circular surrounding buffer. By assuming the polygon of wildfires as a circle when there is no land cover or topography effects [61], the circular buffer centers at the ignition point and has an area equal to the size of the wildfire polygon. When    w i  = 1  , the given land cover type or topography class is burned in proportion to its availability. When    w i  < 1  , the given land cover type or topography class was less prone to wildfires. When    w i  > 1  , the given land cover type or topography class would burn more than expected if the fires occurred randomly in the landscape. In addition, the class is significantly more or less prone to wildfires when the confidence intervals do not include the selection ratio of one.



To identify the fire selection pattern, the selection ratios for each land cover category, slope level, and aspect category in the western United States were calculated. The selection ratios with regard to land cover, slope, and aspect in the three separate states were then calculated to compare the potential differences throughout the study area.




2.4. Assessment of the Relationship between Topographic Effects and Land Cover Types


The assessment of interdependence is twofold, including the assessment of the role of land cover types in explaining the fire proneness of topographic features and the assessment of the role of topographic features in the fire proneness of land cover types. Spearman’s rank correlation test was used to test the former dependence, and Friedman’s test was applied to test the latter dependence.



2.4.1. Land Cover Types on the Fire Proneness of Topographic Features


For this assessment, it was assumed that a certain topographic feature was more prone to wildfires if a more fire-prone land cover type was available. To test this hypothesis, the weighted fire-proneness index for each topographic feature, based on the average selection ratio for each land cover, was calculated. The Spearman rank correlation test      r s      was used to test the correlation between the obtained index and the direct selection ratio for each topographic feature class [62]. The Spearman rank correlation test measures the statistical monotonic dependence (whether linear or not) between the rankings of two variables and is computed as:


   r s  =     ∑  i     x i  −  x ¯       y i  −  y ¯          ∑  i       x i  −  x ¯     2    ∑  i       y i  −  y ¯     2       



(2)




where    x i    and    y i    are the two variables;   x ¯   and   y ¯   are the means of the two variables; the numerator is the covariance of the rank variables; and the denominator is the standard deviation of the rank variables.




2.4.2. Topographic Features on the Fire Proneness of Land Cover Types


For this assessment, it was assumed that a certain topographic feature systematically had a higher or lower proportion of burned land cover [63]. The frequency of burned land cover types across all topographic features was calculated, and the G-test was used to test the null hypothesis that the proportion of burned forest cover types is independent of topographic features. Friedman’s test and Kendall’s W test could then be used to test the tendency assumption. Friedman’s test is a nonparametric statistical test developed by Milton Friedman to detect treatment differences.






3. Results


3.1. Fire Selection Patterns


The average selection ratios with 95% confidence intervals for land cover, slope, and aspect for the western United States are presented in Figure 6. Within the land cover categories, the selection ratio for grasslands was the highest, with a value of 1.76 and the selection ratio of one is excluded from the confidence intervals (Figure 6a). Therefore, grasslands were significantly most susceptible to wildfires, with a ratio of 1.76 times more than expected if fires occurred randomly in the landscape. The selection ratios for evergreen needleleaf forests, deciduous broadleaf forests, mixed forests, and shrublands were slightly greater or less than 1, but they are insignificant (Figure 6a). In contrast, it is only just significant for mixed forests and evergreen broadleaf forests.



As can be seen from Figure 6b, the selection ratios for slopes of 0%–5%, 5%–10%, 10%–15%, 15%–25%, and above 25% were 0.79, 1.29, 1.31, 1.48, and 1.07, respectively. Among the five slope categories, only slopes of 15%–25% are significantly more prone to wildfires. Although insignificant for other slopes, the results show an upward trend with steeper slopes, except for the steepest slope (>25%). The results indicate that steeper slopes would burn in a larger proportion than the available proportion, but the steepest slopes (slope > 25%) would burn nearly proportionally to their availability.



The selection ratio for flat land was 0.54 with a confidence interval of 0.22, which makes it the significantly least fire-prone aspect (Figure 6c). Other aspects are insignificantly more or less prone to wildfires. The south-facing aspect had the highest selection ratio of 1.28, and as a result, wildfires on the south-facing aspect would burn 1.28 times the proportion of the abundance on the landscape.




3.2. Regional Variations


The average selection ratios with 95% confidence intervals for land cover, slope, and aspect for Washington, Oregon, and California are presented in Table 1. In Washington, evergreen needleleaf forests, mixed forests, and grasslands had selection ratios greater than one, which indicates that these land cover types would burn more than expected if fires occurred randomly in the landscape. Among these three land cover types, mixed forests had the highest selection ratio of 1.50 and the confidence interval of 0.14, indicating that mixed forests in Washington are significantly more prone to wildfires. In Oregon, evergreen broadleaf forests and grasslands had selection ratios of 1.14 and 2.24 and their confidence intervals did not include the selection ratio of 1, making these two land cover types burn significantly more than expected. Deciduous broadleaf forests, mixed forests, and croplands in Oregon would burn significantly less than expected, because the selection ratios for these types were less than one. In California, the deciduous broadleaf forests (   w i  = 1.53  ), mixed forests (   w i  = 1.35  ), and grasslands (   w i  = 1.97  ) had the selection ratio greater than one, which indicates that grasslands burn in an average proportion of 1.53, 1.35, and 1.97 times significantly more than the available proportion. Other land cover types in California would burn less than expected if fires occurred randomly within the landscape, although insignificantly.



The selection ratios for slopes in Washington, Oregon, and California showed some similarities, with larger selection ratios for steeper slopes and lower selection ratios for the flattest or steepest slopes. The results show that slopes of 15%–25% were the most prone to wildfires across the three states. Among the three states, slopes of 15%–25% had the selection ratios of 1.95 in Oregon and 1.42 in Washington and the 95% significance levels did not include the section ratio of 1. The results suggest that slopes of 15%–25% in Oregon would burn significantly in an average proportion of 1.95 times more than the available proportion, and in Washington would burn in an average proportion of 1.42, significantly. The selection ratios for aspect in Washington, Oregon, and California also showed similar trends, with the highest selection ratio for the south-facing aspect and the lowest selection ratio for flat lands. Among the three states, the south-facing aspect in Oregon had the highest selection ratio of 1.75, and that in Washington and California had a similar selection ratio of 1.04. The results suggest that the south-facing aspects in Oregon would burn 1.75 times significantly in proportion to their abundance in the landscape.




3.3. Relationships between Topographic Features and Land Cover Types


3.3.1. Land Cover Types on the Fire Proneness of Topographic Features


The Spearman rank test revealed no significant correlation (   r s  = − 0.8 ,   n = 5 ,   p = 0.133  ) between the weighted fire proneness index estimated from land cover and the average selection ratio for the five slope categories. There was also no correlation (   r s  = − 0.72 ,   n = 5 ,   p = 0.172  ) between the weighted index and average selection ratio. Therefore, the results suggest that land cover could not explain the fire proneness of the slope and aspect categories.




3.3.2. Topographic Features on the Fire Proneness of Land Cover Types


The G-test statistics for slope (  G = 105.84 ,   p < 0.01  ) indicated that the proportion of burned area for a given land cover class was not independent of the slope. In addition, the Friedman test (   χ 2  = 14.341 ,   p = 0.026  ) indicated that the proportion of burned areas increased significantly with slopes across land cover types. The G-test statistics for aspect (  G = 58.63 ,   p < 0.01  ) indicated that the proportion of burned area for a given land cover class was not independent of aspect. In addition, the Friedman test (   χ 2  = 12.39 ,   p = 0.012  ) suggested that the proportion of burned area was smaller in flat lands and larger in the southern aspect.






4. Discussion


This study applied the selection ratio approach to study wildfire proneness with regard to land cover types and topographic features in the western United States. This study confirmed the selection of wildfires with regard to land cover type, slope, and aspect, consistent with previous studies [33,37,45]. Among the land cover types, grasslands were the most wildfire-prone land cover type. Although other forest types were less susceptible to wildfires, they would burn in a slightly larger proportion than their abundance in the landscape, except for evergreen broadleaf forests and croplands. Land use influences fire occurrence directly through fuel accumulation (e.g., dead, standing, or lying trees) and fuel continuity as well as vegetation composition and structure and indirectly through the seasonal bioclimatic characteristics of the landscape. It is possible that fuels accumulate more easily on grasslands, and the dry bioclimate on this land cover type is more suitable for wildfire occurrence.



Consistent with Oliveira et al. (2014) [37], our research found that lands with slopes greater than 25% were significantly less fire-prone than those with lower slopes. Previous research explained that steeper areas are less accessible, and as a result, human beings are less likely to ignite wildfires. In addition, there is less vegetation and accumulated fuel on steeper slopes, so the vegetation structure is less flammable [64,65]. However, Mermoz et al. (2005) [64] and Carmo et al. (2011) [33] found that wildfires are more likely to occur on steep slopes, and explained that land cover types on steep slopes were most likely to burn [24,66]. In this study, the western United States is less populated, and steep slopes are less covered by vegetation and less accessible to human beings. As a result, natural and human-caused ignitions are less likely to occur on steep slopes, and the vegetation is not dense enough to initiate a wildfire. In contrast, slopes of 5%–25% are found to have higher fire proneness. It could be explained that wildfires spread more rapidly on less steep but vegetation-abundant slopes [24,65].



The south-facing aspects throughout the study area were the most fire-prone, whereas flat lands were the least fire-prone. The north-facing aspects were found to be the second-least fire-prone. The role of north-facing aspects in wildfire proneness is controversial in the published literature. In the study by Oliveira et al. (2014) [37], north-facing lands were less selectively preferred by fires because less solar exposure in the north-facing lands increased moisture and decreased flammability. In contrast, studies by Nunes (2004) [45] and Carmo et al. (2011) [33] found higher propensities on the north-facing lands in northern Portugal because heavier fuel loads were accumulated in the higher moisturized aspect. The results from our study are consistent with the findings of Oliveira et al. (2014) [37] and support the explanation that less solar exposure in the north-facing aspects decreases wildfire occurrence.



Regional variations in fire selection patterns were obvious for land cover type but not for slope and aspect, which indicated that land cover might be the primary factor in determining fire occurrence in the western United States. Mixed forests in Washington were most prone to wildfires, whereas grasslands in Oregon and California were highly susceptible to wildfire occurrence. This difference could be caused by the different proportions of land cover types in these three states, which could be determined by precipitation and other topographical characteristics. The average total yearly precipitation for Washington was 38.4 inches in 2018, for Oregon was 27.4 inches, and for California was 22.2 inches [66]. Therefore, California was the driest of the three states.



We also found that topographic features could explain the fire proneness of land cover categories in the three states of the western United States. This supports the assumption that topographic features have certain tendencies for burned land cover categories [63]. The proportion of burned area of a given land cover depends on the slope and aspect. The burned land cover type was more susceptible to steeper slopes and south aspects but less prone to flat aspects. This could be explained by the fact that the southern aspects are usually drier and more susceptible to wildfires.



This research only considered land cover type, slope, and aspect as factors in fire selection patterns. Future research could improve the selection ratio approach by trying to include human activities and climate factors because they contribute to wildfire regimes through ignitions, prescribed fires, fire suppressions, and cultivation [67,68,69], and wildland urban interfaces have a higher probability of wildfires [70,71,72,73]. In addition, this research did not distinguish between human-induced wildfires and lightning-induced wildfires. Human activities, such as wildland–urban interface, could be a key driver of forest wildfires in the western United States [74]. Future research could examine the wildfire occurrence probabilities with regard to various factors for these two types of induced wildfires.




5. Conclusions


This study showed how fire proneness varies across land cover type, slope, and aspect. There are four key findings from this research. First, our findings suggest that grasslands were the most wildfire-prone land cover types in the western United States, and croplands were the least. Second, this study also found that steeper slopes were more prone to wildfires, with the exception of the steepest slope (>25%). Third, for aspect, the south-facing aspects would burn more than the availability on the landscape, whereas the flat lands would burn less than the availability. Fourth, the findings revealed that there were regional variations in the fire selection patterns in terms of land cover types in the states of Washington, Oregon, and California, but similar trends in terms of slope and aspect. Specifically, the most wildfire-prone land cover type in Washington was mixed forests, and that in Oregon and California was grasslands. In Oregon and California, fires burnt more than expected if they occurred randomly in the landscape.



This study attempted to characterize the fire proneness pattern in the western United States, with the aim of revealing common but differentiated features of land cover type, slope, and aspect in the states of Washington, Oregon, and California. These results have important implications in landscape planning and management. From a practical perspective, detailed knowledge of wildfire occurrence selection patterns for different land cover types and topographic features could provide an effective tool for fire risk management, which is especially important in rapidly evolving climatic scenarios and landscapes. The revealing of regional differences in fire selection in the three states suggested that forestry departments could apply common fire management strategies but with a different emphasis at the landscape level.
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Figure 1. Map of the study area in the western United States. 
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Figure 2. The ignition points and burn boundaries for large wildfires in the western United States. 
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Figure 3. Percentage of monthly number of fires and hectares burned for the state of Washington, Oregon, and California in the year of 2018. Note: the ignition sources are not considered in this research. 






Figure 3. Percentage of monthly number of fires and hectares burned for the state of Washington, Oregon, and California in the year of 2018. Note: the ignition sources are not considered in this research.



[image: Forests 14 00807 g003]







[image: Forests 14 00807 g004 550] 





Figure 4. Map of the land cover types in the study area. 
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Figure 5. Maps of the slope (left) and aspect (right) in the study area. 
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Figure 6. Average selection ratios with 95% confidence intervals for land cover (a), slope (b), and aspect (c) for the western United States. Note: en—evergreen needleleaf forests; eb—evergreen broadleaf forests; db—deciduous broadleaf forests; mf—mixed forests; sh—shrublands; gs—grasslands; and cp—croplands. 
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Table 1. Average selection ratios with 95% confidence intervals in the parenthesis for land cover, slope, and aspect for Washington, Oregon, and California.
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Category

	
Classification

	
Washington

	
Oregon

	
California






	
Land cover type

	
Evergreen needleleaf forests

	
1.18

(0.32)

	
0.89

(0.25)

	
1.03

(0.17)




	
Evergreen broadleaf forests

	

	
1.14

(0.10)

	
0.75

(0.09)




	
Deciduous broadleaf forests

	

	
0.71

(0.07)

	
1.53

(0.25)




	
Mixed Forests

	
1.50

(0.14)

	
0.69

(0.18)

	
1.35

(0.24)




	
Shrublands

	

	
1.15

(0.28)

	
1.03

(0.21)




	
Grasslands

	
1.06

(0.27)

	
2.24

(0.45)

	
1.97

(0.32)




	
Croplands

	
0.29

(0.15)

	
0.58

(0.27)

	
0.55

(0.19)




	
Slope

	
0%–5%

	
0.72

(0.28)

	
0.79

(0.34)

	
0.86

(0.20)




	
5%–10%

	
1.28

(0.22)

	
1.20

(0.27)

	
1.11

(0.46)




	
10%–15%

	
1.36

(0.58)

	
1.41

(0.27)

	
1.15

(0.16)




	
15%–25%

	
1.42

(0.20)

	
1.95

(0.39)

	
1.25

(0.28)




	
>25%

	
1.19

(0.31)

	
0.80

(0.17)

	
1.24

(0.42)




	
Aspect

	
Flat

	
0.37

(0.11)

	
0.81

(0.38)

	
0.43

(0.18)




	
North

	
0.98

(0.29)

	
1.19

(0.11)

	
0.94

(0.17)




	
East

	
0.98

(0.32)

	
1.57

(0.35)

	
0.98

(0.13)




	
South

	
1.04

(0.28)

	
1.75

(0.41)

	
1.04

(0.17)




	
West

	
0.93

(0.37)

	
1.16

(0.18)

	
1.00

(0.16)

















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
L=

B Vildfire boundary :
A Wildfire ignition point
|:| Study area 0 100 200





nav.xhtml


  forests-14-00807


  
    		
      forests-14-00807
    


  




  





media/file2.png
40°0'N

0 100 200 km
]

115°0'W
1

<

= » =

¥ - ‘

S :

- w( ;. v,
N ~
- = "
N

-

B

[] Urban Areas
—— Primary Roads
Western US

[ california

[_] Oregon

[] washington

i (-
120°00'W

o) .
H5°0'W

40°0°'N





media/file5.jpg
Washington

“Bumcdarea = Number o ires
0

3
0

%

1

B Aw o May  dn Wl Aw Sep | O Nov

Month

Oregon
601 “Bumedaren s Numberof s

o
®
»
ol
B Aw My dm o Wi A Sep | O Nov
Month
California
)

“Bumed s = Number of ires

Fb O Aw May dm o Aw Se | O Nov

Moath





media/file3.jpg
W Wildfire boundary
A Wildfire ignition point

I study area

~
N






media/file1.jpg





media/file7.jpg
I Study area

B Evergreen needlclaf forests
vergreen broadicaf forests

Deciduous broadleaf forests

ed forests

hrublands

Grasslands

B Croplands

I Noncombustible arcas o0 mo






media/file10.png





media/file12.png
Selection ratio (w) Selection ratio (w)

Selection ratio (w)

0.5

0.0

0.8

0.6

1.6

1.0

0.8

0.6

0.4

——

——

cp

5-10% 10-15% 15-25%

>25%

——

west






media/file9.jpg





media/file0.png





media/file8.png
[ Study area

B Evergreen needleleaf fon.sts

B Evergreen broadleaf forests

I Deciduous broadleaf forests

[ 1 Mixed forests o
LI Shrublands

I Grasslands

B Croplands

B Noncombustible areas 0 100 202
KM

7 d






media/file11.jpg





media/file6.png
60

40

%

20

80

60

40

%

20

Burned area

Washington

Number of fires

Feb Apr May Jun Jul Aug Sep Oct Nov
Month
Oregon
Burned area Number of fires
Feb Apr May Jun Jul Aug Sep Oct Nov
Month
California
Burned area Number of fires
Feb Apr May Jun Jul Aug Sep Oct Nov





