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Changing large wildfire dynamics in the wildland–urban interface of 
the eastern United States 
Noah C. WeidigA,* , Carissa L. WonkkaA, Michaella A. IveyA and Victoria M. DonovanA  

ABSTRACT 

Background. The recent increase in large wildfires in the eastern United States makes it crucial to 
examine the subsequent risk to human life and property. In the eastern US, the wildland–urban 
interface (WUI), where wildfire risk is greatest, has expanded tremendously over the last three decades. 
Aims. This study aimed to understand how increasing wildfires in the eastern US are manifesting in the 
WUI. Methods. We quantified WUI growth and characterised large (>200 ha) wildfire regimes inside 
and outside the WUI at multiple spatial scales across the eastern US between 1986 and 2021. Key 
results. WUI wildfires in the eastern US comprised 45% of all large wildfires and 55% of the area 
burned, were on average 46% larger than non-WUI wildfires, and are becoming more frequent in spring. 
Most increases in wildfire number and area burned occurred outside of the WUI. Conclusion. The WUI 
plays an important role in large wildfire dynamics in the eastern US; however, increases in the number 
of large wildfires have occurred primarily outside the WUI. Implications. Our findings highlight 
important interactions between human development and large wildfire occurrence in the eastern 
US and should be used to direct future region-specific assessments of changing wildfire risk.  

Keywords: development, exposure, fire regime, housing growth, risk, sprawl, urbanisation, 
wildland fire, wildland–urban interface. 

Introduction 

The wildland–urban interface (WUI), which occurs at the intersection between human 
development and wildland vegetative fuels (Radeloff et al. 2005), remains a core focus 
for predicting and mitigating wildfire risk. Since the 1990s, the United States has 
experienced substantial growth in the total area of WUI (Radeloff et al. 2018, 2023b). 
The recent historical shift from an industrial economy to an informational one has 
allowed humans to live in more rural areas with easy access to outdoor recreation 
(Krannich et al. 2011; Matilainen et al. 2017). However, living in and building structures 
near wildland vegetation poses several economic and ecological problems (Radeloff et al. 
2005), predominantly stemming from the ‘edge effect’ (Ranney 1977; Murcia 1995). The 
issues created by the WUI include habitat fragmentation, shifts in microclimates and the 
spread of exotic invasive species (Gehlhausen et al. 2000; Alston and Richardson 2006;  
Sanczuk et al. 2023). However, increased wildfire risk is arguably the most consequential 
problem posed by the WUI (Radeloff et al. 2005, 2018, 2023b). Increased wildfire risk in 
the WUI results from the interactions of multiple factors, including the WUI’s proximity 
to human-caused ignition sources, the flammability of exotic invasive species and 
increased fuel loading (Mandle et al. 2011; Toman et al. 2011; Mietkiewicz et al. 2020). 

Wildfires in the WUI require more suppression resources, destroy more homes and 
pose a greater threat to human life than wildfires elsewhere in the landscape (Radeloff 
et al. 2018; Swimley 2021; Modaresi Rad et al. 2023). Previous studies have shown that 
32% of all wildfires in the conterminous US are started in the WUI, even though the WUI 
only makes up one-tenth of the country by area (Mietkiewicz et al. 2020). WUI wildfires 
result in greater property damage and pose logistical difficulties for firefighters because a 
large majority of the WUI (89%) is private property, thereby limiting access (Theobald 
and Romme 2007; Johnston et al. 2019; Haynes et al. 2020). In a 2021 report, the US Fire 
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Administration determined that wildfires in the WUI result 
in 14% more firefighter injuries and 20% more civilian 
casualties than urban structure fires (FEMA 2021). This 
increased wildfire risk in the WUI highlights the need to 
characterise wildfire regimes at finer scales in regions that 
contain high proportions of WUI area. 

Large wildfire numbers are increasing in the eastern US 
(Donovan et al. 2023). It is crucial to understand how these 
increases in large wildfire interact with the WUI to better assess 
the risk of these changes to human life and infrastructure 
(Iglesias et al. 2022; Donovan et al. 2023). The eastern US 
contains a disproportionately large area of WUI relative to the 
rest of the country (Theobald and Romme 2007; Radeloff et al. 
2018). Although wildfires in the eastern US currently result in 
fewer casualties and less property damage than in the West, the 
eastern US experiences frequent human-caused (~88%) wild
fires that burn seven times more area of the WUI than western 
ones (Balch et al. 2017; Nagy et al. 2018; Mietkiewicz et al. 
2020). On average, eastern wildfires in the WUI cost US 
$18,300/km2 to suppress (Mietkiewicz et al. 2020), and as 
the number of these fires continues to rise, suppression capacity 
will become strained. Additionally, as climate and land use alter 
wildfire regimes, the eastern US will continue to experience 
more human-caused wildfires originating in the WUI (Butsic 
et al. 2015; Abatzoglou and Williams 2016). Yet differences 
between WUI and non-WUI large wildfire regimes in this region 
of the country remain unclear, and as the WUI continues to 
expand, it becomes imperative to quantify changing wildfire 
risk to human life and structures. 

We examined how changes in large wildfire regimes across 
the eastern US are manifesting in the WUI. Specifically, we 
aimed to (1) assess temporal changes in the WUI; (2) contrast 
characteristics of WUI versus non-WUI large (>200 ha) wild
fire regimes; and (3) assess temporal trends in WUI versus non- 
WUI large wildfire regime characteristics across the eastern US 
at multiple spatial scales. As the eastern US is a large area that 
contains regions with vastly different ecological properties, a 
multiscale assessment is needed to understand changes in fire 
regimes. We combine spatio-temporal large wildfire perimeter 
data and decadal WUI maps across the Eastern Temperate 
Forests Level I Environmental Protection Agency (EPA) ecor
egion and within 31 Level III ecoregions that subdivide the 
eastern US. We characterise spatial and temporal characteris
tics of wildfire regimes inside and outside the WUI using six 
fundamental components of fire regimes: average wildfire size, 
number, total area burned within an ecoregion, annual proba
bility of occurrence, seasonality and ignition source. 

Materials and methods 

Data 

We used the US EPA ecoregions to designate and subdivide 
our study region. We used the Level I (L1) Eastern Temperate 
Forests ecoregion (hereafter referred to as the ‘eastern US’) 

to characterise the eastern US (Supplementary Fig. S1). This 
area is characterised by high population and housing density 
compared with the rest of the US (Theobald 2005; Radeloff 
et al. 2018). The eastern US is ecologically distinct from the 
rest of the country because of its high humidity, high precip
itation (100–150 cm annually), and gradient of mild to cold 
winters (Gilliam 2016). Forests of the eastern US are mostly 
hardwoods in the north and mixed pines and hardwoods in 
the south (Woodbridge et al. 2022). We further subdivided 
the eastern US using Level III (L3) ecoregions (n = 31) (EPA 
2013; Omernik and Griffith 2014). The EPA has created 
Level I through IV ecoregions as a framework for spatially 
subdividing the United States hierarchically, with Level I 
ecoregions being the largest scale and Level IV ecoregions 
being the finest scale. Ecoregions are areas with fairly homo
geneous landscapes and similar environmental resources 
(Bryce et al. 1999; EPA 2013). 

We used the USDA’s decadal WUI maps from 1990 to 
2020 (Radeloff et al. 2023a). Census block polygons in this 
dataset are classified as intermix WUI, interface WUI or non- 
WUI according to the Federal Register definition (USDA and 
USDI 2001; FMB 2019). Intermix WUI is any area containing 
at least 6.17 housing units km–2 and 50% vegetation. 
Interface WUI is any area containing more than 6.17 hous
ing units km–2 and less than 50% vegetation but is within 
2.4 km of a highly vegetated area larger than 5 km2 (USDA 
and USDI 2001; Radeloff et al. 2005). 

Wildfire data were collected from the ‘Burned Areas 
Boundary Dataset’ from the Monitoring Trends in Burn 
Severity (MTBS) database (Eidenshink et al. 2007; MTBS 
2023). Among the categories of fires (Prescribed Fire, 
Unknown, Wildfire and Wildland Fire Use), we only included 
fires greater than 200 ha classified as ‘Wildfires’ between 
1986 and 2021 for our assessment (n = 2388) (Nagy et al. 
2018). MTBS defines a wildfire as any fire initiated from an 
unplanned ignition, whether a human cause, a natural cause, 
or an uncontrolled prescribed burn (FMB 2019). We joined 
ignition source data from the USDA’s Fire Program Analysis 
Fire Occurrence database with wildfire perimeters where cor
responding MTBS identifiers existed (n = 1749) (Short 2022). 
For analysing ignition patterns, we only used fires with known 
ignition causes (n = 1652). This dataset only contains wild
fires between the years 1992 and 2020. 

Temporal patterns in the WUI 

To assess temporal changes in the WUI across the eastern 
US, we summarised the proportion of area for interface and 
intermix WUI within each L3 ecoregion for the years 1990, 
2000, 2010 and 2020. We also summarised the proportion 
of vegetated and non-vegetated or agricultural areas within 
each ecoregion for each of the 4 years. We calculated the 
relative change in intermix WUI, interface WUI, vegetated 
and unvegetated/agricultural areas from 1990 to 2020 
across L3 ecoregions (Fig. 1, Supplementary Table S1). 
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Spatial patterns in WUI large wildfires 

To contrast characteristics of WUI versus non-WUI large 
wildfire regimes across the eastern US, we combined large 
wildfire perimeters from the MTBS dataset with the WUI 
geodatabase. We defined a ‘WUI wildfire’ as one that burns 
any area of the WUI (interface or intermix). A limitation of 
this method is the fact that our definition of a WUI large 
wildfire may favour larger wildfires because larger wildfires 
could spread into and burn a small portion of the WUI. 
However, as the WUI is often a source of wildfire ignitions 
(Syphard and Keeley 2015; Mietkiewicz et al. 2020), many of 
these large wildfires may have begun within the WUI and 
spread outwards. WUI maps are decadal. Wildfires were 
categorised as WUI or non-WUI using the WUI map from 
the year closest to their ignition date. We used the 1990 WUI 
map for categorising all large wildfires between 1986 and 
1995, the 2000 WUI map for all large wildfires between 
1996 and 2005, the 2010 WUI map for all large wildfires 
between 2006 and 2015, and the 2020 WUI map for all large 
wildfires between 2016 and 2021. We characterised large 
wildfire regimes within WUI and non-WUI areas by calculat
ing the total number, average size, total area burned and 
ignition sources of large wildfires inside and outside the WUI 
for each L3 ecoregion. Average large wildfire size is the 
mean area burned by a single wildfire within a given ecor
egion, measured in hectares. In contrast, the total area 
burned is the sum of the area burned by all large wildfires 
within a given ecoregion, measured in hectares (Fig. 2,  
Table 1). 

Temporal patterns in WUI large wildfires 

To assess temporal trends in WUI versus non-WUI large wild
fire regime characteristics across the eastern US, we examined 
changes in total number, average size, total area burned within 

an ecoregion and ignition source of large wildfires inside and 
outside the WUI for each L3 ecoregion from 1986 to 2021 
using the Mann–Kendall Trend Test (α = 0.05), which deter
mines the presence, strength and direction of monotonic 
trends. We only included ecoregions that contained 10 or 
more WUI (n = 16) or 10 or more non-WUI (n = 15) large 
wildfires from 1986 to 2021 because a smaller sample size 
would be insufficient for statistical analysis (Donovan et al. 
2023). We used a logistic model (α = 0.05) to assess temporal 
trends in the presence and absence of wildfires inside and 
outside the WUI. We also examined temporal trends in the 
probability of human-ignited wildfires inside and outside the 
WUI using a logistic model (α = 0.05). We visualised changes 
in wildfire seasonality across L3 ecoregions using Gaussian 
kernel density estimates of fire density for the first and last 
decades of our study period (Wickham 2016). We only 
included ecoregions that contained five or more WUI and 
non-WUI large wildfires per decade, as we deemed that a 
smaller sample size would be insufficient for visualisation 
purposes (Donovan et al. 2023). Bandwidth was calculated 
using ‘Silverman’s rule of thumb’ (Silverman 1986). 

We used ArcGIS Pro (version 3.1.2) to merge spatial 
datasets. We used the R statistical environment (R Core 
Team 2023) in RStudio (RStudio Team 2023) for data visua
lisation and statistical analysis. 

Results 

Temporal patterns in the WUI 

In 2020, the WUI covered 548,361 km2, constituting 22% of 
the eastern US (Supplementary Table S1, Fig. 1). Intermix 
WUI covered 17% of the area and interface WUI covered 5% 
(Supplementary Table S1). In 2020, WUI area in the eastern 

50
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1000 km

Percentage

54

42

30

18

Percentage

(a) WUI in 2020 (b) Relative WUI change 1990–2020

Fig. 1. Maps showing the (a) percentage area occupied by the wildland–urban interface (WUI) in 2020; and (b) the 
relative percentage change from 1990 to 2020 ((area 2020 − area 1990) ÷ area 1990) for Level III ecoregions of the eastern 
United States.    
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US had expanded 29% relative to 1990. Intermix WUI grew 
28%, while interface WUI grew 34% (Supplementary 
Table S1, Fig. 1). 

We observed unique patterns in the WUI’s geographic 
distribution and growth across the eastern US. Central and 
northeastern ecoregions contained the highest proportion of 

WUI area (Supplementary Table S1, Fig. 1). In 2020, the 
southwestern ecoregions had experienced the greatest increase 
in intermix WUI area relative to 1990 (Supplementary 
Table S1, Fig. 1). Ecoregions in the central and western parts 
of the eastern US experienced the greatest increase in interface 
WUI (Supplementary Table S1, Fig. 1). 

1000 km

(a) WUI wild!re number (b) Non-WUI wild!re number

(c) Average WUI wild!res size (d) Average non-WUI wild!res size

(e) Total area burned by WUI wild!res (f) Total area burned by non-WUI wild!res
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Fig. 2. Maps showing the (a–b) total number, (c–d) average size (in ha), and (e–f) total area burned (in ha) by large 
wildfires (>200 ha) inside and outside the wildland–urban interface (WUI) across Level III ecoregions of the eastern 
United States between 1986 and 2021. Darker colours indicate larger values, while lighter colours indicate smaller 
values. Ecoregions in grey contained no WUI or non-WUI large wildfires during the study period.    
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Table 1. Large wildfire regime characteristics.           

Ecoregion Number of 
non-WUI 
wildfires 

Number of 
WUI 

wildfires 

Average non-WUI 
wildfire 

size ± s.e. (ha) 

Average WUI 
wildfire 

size ± s.e. (ha) 

Area burned by 
non-WUI 

wildfires (ha) 

Area burned by 
WUI 

wildfires (ha) 

Proportion non- 
WUI wildfires 

ignited by humans 

Proportion WUI 
wildfires ignited 

by humans   

L1 Eastern Temperate Forests 1308 1080 1003 ± 97 1468 ± 167 1,311,490 1,585,195 0.80 0.91 

Acadian Plains and Hills 1 1 285 254 285 254 1.00 1.00 

Arkansas Valley 51 23 1500 ± 228 2206 ± 593 76,506 50,737 0.93 1.00 

Atlantic Coastal Pine Barrens 24 20 588 ± 101 1685 ± 518 14,124 33,698 0.79 1.00 

Blue Ridge 40 89 691 ± 271 1155 ± 169 27,621 102,777 0.62 0.86 

Boston Mountains 34 13 878 ± 96 1417 ± 388 29,846 18,420 0.96 1.00 

Central Appalachians 69 406 480 ± 40 1202 ± 98 33,134 488,140 1.00 1.00 

Central Corn Belt Plains 1 1 648 349 648 349 – – 

Driftless Area 1 0 223 – 223 0 – – 

East Central Texas Plains 4 10 1309 ± 359 2272 ± 1190 5237 22,722 1.00 1.00 

Eastern Corn Belt Plains 3 0 637 ± 134 – 1912 0 1.00 – 

Eastern Great Lakes Lowlands 1 0 412 – 412 0 – – 

Interior Plateau 7 5 577 ± 222 347 ± 69 4039 1736 0.60 1.00 

Interior River Valleys and Hills 2 2 525 ± 105 433 ± 174 1050 866 1.00 1.00 

Middle Atlantic Coastal Plain 88 40 1338 ± 308 1554 ± 788 117,709 62,180 0.85 0.84 

Mississippi Alluvial Plain 3 0 396 ± 69 – 1187 0 0.00 – 

Mississippi Valley Loess Plains 7 7 335 ± 48 333 ± 40 2343 2329 1.00 1.00 

(Continued on next page) 
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Table 1. (Continued)          

Ecoregion Number of 
non-WUI 
wildfires 

Number of 
WUI 

wildfires 

Average non-WUI 
wildfire 

size ± s.e. (ha) 

Average WUI 
wildfire 

size ± s.e. (ha) 

Area burned by 
non-WUI 

wildfires (ha) 

Area burned by 
WUI 

wildfires (ha) 

Proportion non- 
WUI wildfires 

ignited by humans 

Proportion WUI 
wildfires ignited 

by humans   

North Central Hardwood 
Forests 

18 6 380 ± 45 774 ± 188 6837 4642 1.00 1.00 

Northeastern Coastal Zone 1 0 308 – 308 0 1.00 – 

Northern Allegheny Plateau 0 1 – 382 0 382 – 1.00 

Northern Piedmont 0 2 – 292 ± 37 0 584 – 1.00 

Ouachita Mountains 72 17 1475 ± 169 1177 ± 218 106,188 20,005 0.86 0.79 

Ozark Highlands 126 39 631 ± 67 707 ± 122 79,508 27,561 0.97 1.00 

Piedmont 23 20 385 ± 50 1080 ± 315 8866 21,590 0.93 0.80 

Ridge and Valley 38 57 434 ± 34 917 ± 145 16,474 52,268 0.88 0.93 

South Central Plains 83 40 751 ± 99 1787 ± 465 62,357 71,495 0.82 0.79 

Southeastern Plains 160 65 617 ± 47 534 ± 46 98,776 34,711 0.94 0.95 

Southeastern Wisconsin Till 
Plains 

2 0 354 ± 26 – 709 0 1.00 – 

Southern Coastal Plain 442 214 1413 ± 271 2741 ± 788 624,362 586,560 0.59 0.76 

Southern Michigan/Northern 
Indiana Drift Plains 

0 2 – 392 ± 44 0 785 – – 

Southwestern Appalachians 49 38 541 ± 51 694 ± 100 26,519 26,365 1.00 1.00 

Western Allegheny Plateau 4 22 559 ± 195 944 ± 207 2237 20,769 1.00 1.00 

Characteristics of large (>200 ha) wildfires inside and outside the wildland–urban interface (WUI) across Level III ecoregions of the eastern United States between 1986 and 2021, including total number, 
average size (±s.e.) (in ha), total area burned (in ha) (n = 2388), and proportion of wildfires ignited by humans (n = 1749). Dashes (–) represent the absence of a large wildfire for a given ecoregion.  
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Spatial patterns in WUI large wildfires 

Forty-five percent of the 2388 wildfires that burned in the 
eastern US burned in the WUI, more than would be expected 
based on WUI land area (Table 1). WUI large wildfires made 
up the majority of the area burned in the eastern US, account
ing for 55% of the area burned (1.6 million ha) (Table 1). 
Large wildfires that burned in the WUI were, on average, also 
46% larger than those outside the WUI (Table 1). WUI large 
wildfires were 1468 ± 167 s.e. ha, whereas non-WUI large 
wildfires were 1003 ± 97 s.e. ha (Table 1). 

WUI large wildfires were more often ignited by humans 
than non-WUI large wildfires. Human ignitions were respon
sible for 91% of WUI large wildfires, compared with 80% of 
non-WUI large wildfires (Table 1). ‘Arson and incendiarism’ 
was the most common cause of WUI large wildfires (52%), 
and ‘debris and open burning’ was the next most common 
cause (18%) (Supplementary Fig. S9). 

The Central Appalachians ecoregion contained the great
est number of large wildfires inside the WUI. In contrast, 
the Southern Coastal Plain ecoregion had the greatest 
number of large wildfires outside the WUI (Table 1,  
Fig. 2). WUI and non-WUI large wildfires burned the great
est total area within the Southern Coastal Plain (569,212 
and 594,588 ha, respectively) (Table 1, Fig. 2). All WUI 
and non-WUI large wildfires in the Central Appalachians 
were human-caused, whereas in the Southern Coastal 
Plain, only 59% of non-WUI large wildfires and 76% of 
WUI large wildfires were human-caused (Table 1, Fig. 2). 
Southwestern and southeastern ecoregions had the great
est average size for WUI large wildfires, ranging from 2206 
to 2741 ha (Arkansas Valley and Southern Coastal Plain, 
respectively) (Table 1). 

Temporal patterns in WUI large wildfires 

At the L1 ecoregion scale, both the number and the total 
area burned by large wildfires outside the WUI increased, 
though only trends in large wildfire number were statisti
cally significant (Table 2). In contrast, there was a slight, 
non-significant negative trend in WUI large wildfire number 
and total area burned (Table 2). At the L3 ecoregion scale, 
increasing trends in large wildfires in the WUI were gener
ally weaker than those occurring outside the WUI (Table 2). 
For example, 75% (12 of 16) of ecoregions analysed showed 
increasing trends in the number and total area burned by 
large wildfires inside the WUI; however, these trends were 
fairly weak, with only 13% (2 of 16) of ecoregions showing 
statistical significance in large wildfire number and 6% (1 of 
16) in total area burned (Table 2, Fig. 3). However, 87% 
(13 of 15) of ecoregions analysed showed increasing trends 
in the number of large wildfires outside the WUI, with 33% 
(5 of 15) being statistically significant (Table 2, Fig. 3). 
Additionally, 73% (11 of 15) showed increases in total 
area burned by large wildfires outside the WUI, with 27% 

(4 of 15) showing statistical significance (Table 2, Fig. 3). 
Southwestern ecoregions such as the Ouachita Mountains 
and Arkansas Valley had very consistent increasing trends in 
the number and total area burned by both WUI and non- 
WUI large wildfires (Table 2, Fig. 3). 

The eastern US as a whole did not experience any sub
stantial changes in the average size of large wildfires inside 
the WUI. At the L3 ecoregion scale, 50% of ecoregions 
showed slight declining trends in the average size of large 
wildfires inside the WUI, with only 6% (1 of 16; 
Southwestern Appalachians) being statistically significant 
(Table 2, Fig. 3). Large wildfires outside the WUI also 
showed weak declining trends; 60% of ecoregions showed 
slight declining trends in the average size of large wildfires 
outside the WUI, with 7% being statistically significant (1 of 
15; Table 2, Fig. 3). The Ozark Highlands showed a strong 
increasing trend in the average size of large wildfires outside 
the WUI, whereas central ecoregions, such as the Central 
Appalachians and Piedmont as well as the Atlantic Coastal 
Pine Barrens, showed strong decreasing trends in the aver
age size of large wildfires (Table 2, Fig. 3). 

Across the eastern US, WUI and non-WUI large wildfires 
occurred every year between 1986 and 2021. At the L3 
ecoregion scale, most ecoregions showed signals of increases 
in the annual probability of occurrence for both WUI and 
non-WUI large wildfires (Table 2). Southwestern ecoregions, 
such as the Arkansas Valley and Ouachita Mountains, 
showed some of the greatest increases in the annual proba
bility of a WUI and non-WUI large wildfire occurring over 
time (Table 2). Not all ecoregions experienced increases in 
the annual probability of large wildfire occurrence. For 
instance, the North Central Hardwood Forests ecoregion 
showed a significant decline in the annual probability of 
occurrence of large wildfires outside the WUI. The Southern 
Coastal Plain experienced non-WUI large wildfires every 
year of our study period. 

The eastern US also experienced changes in the seasonal
ity of WUI and non-WUI large wildfires. During the first 
decade of our assessment (1986–1995), WUI large wildfires 
occurred predominantly during the fall (autumn). By the last 
decade of our assessment, WUI large wildfires were more 
equally distributed between spring and fall (2012–2021) 
(Fig. 4a). This pattern contrasts with non-WUI large wildfire 
seasonality, which remained fairly consistent across the first 
and last decades of our assessment. At the L3 ecoregion 
scale, WUI and non-WUI large wildfires became more com
mon during the spring in the Ridge and Valley ecoregion 
(Fig. 4b). In the Southeastern Plains ecoregion, large wild
fires outside the WUI became less common during the fall, 
whereas WUI large wildfires became less common during 
the summer (Fig. 4b). In the Southern Coastal Plain, WUI 
large wildfires became slightly more common during early 
fall, whereas in the Central Appalachian ecoregion, WUI 
large wildfires became slightly more common during spring 
(Fig. 4b). 
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Table 2. Changes in large wildfire regime characteristics.                  

Ecoregion WUI 
status 

Number Average size (ha) Area burned (ha) Annual probability of occurrence Probability of human ignition 

T P T P T P Odds 
ratio 

2.5% 97.5% P Odds 
ratio 

2.5% 97.5% P   

L1 Eastern Temperate 
Forests (eastern US) 

WUI −0.04 0.75 0.00 1.00 −0.05 0.65 – – – – 1.02 0.98 1.07 0.25 

Non-WUI 0.29 0.01 0.03 0.80 0.21 0.08 – – – – 1.00 0.98 1.03 0.89 

Arkansas Valley WUI 0.27 0.05 −0.15 0.50 0.23 0.08 1.08 1.01 1.18 0.04 – – – – 

Non-WUI 0.42 <0.01 −0.11 0.54 0.33 <0.01 1.12 1.04 1.23 <0.01 – – – – 

Atlantic Coastal Pine 
Barrens 

WUI 0.08 0.58 −0.07 0.77 0.07 0.57 1.02 0.96 1.09 0.49 – – – – 

Non-WUI 0.02 0.88 −0.34 0.10 −0.03 0.83 1.01 0.94 1.07 0.84 – – – – 

Blue Ridge WUI 0.08 0.54 −0.03 0.87 0.07 0.59 1.02 0.96 1.09 0.52 1.04 0.93 1.15 0.49 

Non-WUI −0.14 0.30 0.04 0.81 −0.05 0.68 0.98 0.92 1.05 0.57 0.94 0.82 1.07 0.37 

Boston Mountains WUI 0.04 0.79 0.36 0.27 0.04 0.78 1.00 0.93 1.08 0.97 – – – – 

Non-WUI 0.18 0.18 0.25 0.17 0.17 0.18 1.02 0.96 1.09 0.45 – – – – 

Central Appalachians WUI −0.08 0.53 −0.10 0.49 −0.08 0.53 1.03 0.96 1.11 0.46 – – – – 

Non-WUI 0.01 0.92 −0.39 0.02 −0.04 0.76 1.03 0.97 1.10 0.37 – – – – 

East Central Texas 
Plains 

WUI 0.16 0.25 0.40 0.46 0.17 0.22 1.06 0.96 1.18 0.27 – – – – 

Non-WUI – – – – – – – – – – – – – – 

Middle Atlantic 
Coastal Plain 

WUI −0.18 0.17 0.01 1.00 −0.15 0.24 0.96 0.89 1.02 0.18 0.90 0.68 1.15 0.38 

Non-WUI 0.07 0.61 0.03 0.82 0.04 0.76 0.98 0.87 1.11 0.79 1.08 0.99 1.20 0.08 

North Central 
Hardwood Forests 

WUI – – – – – – – – – – – – – – 

Non-WUI –0.33 0.02 –0.13 0.64 –0.31 0.02 0.92 0.84 0.99 0.04 – – – – 

Ouachita Mountains WUI 0.40 <0.01 0.07 0.86 0.38 <0.01 1.14 1.05 1.29 0.01 1.98 1.10 6.16 0.08 

(Continued on next page) 

N. C. Weidig et al.                                                                                                                                International Journal of Wildland Fire 33 (2024) WF24110 

8 

D
o
w
n
l
o
a
d
e
d
 
f
r
o
m
 
h
t
t
p
:
/
/
c
o
n
n
e
c
t
s
c
i
.
a
u
/
w
f
/
a
r
t
i
c
l
e
-
p
d
f
/
d
o
i
/
1
0
.
1
0
7
1
/
W
F
2
4
1
1
0
/
1
5
4
6
9
4
/
w
f
2
4
1
1
0
.
p
d
f
 
b
y
 
g
u
e
s
t
 
o
n
 
1
5
 
M
a
y
 
2
0
2
6



Table 2. (Continued)                 

Ecoregion WUI 
status 

Number Average size (ha) Area burned (ha) Annual probability of occurrence Probability of human ignition 

T P T P T P Odds 
ratio 

2.5% 97.5% P Odds 
ratio 

2.5% 97.5% P   

Non-WUI 0.39 <0.01 –0.03 0.88 0.37 <0.01 1.12 1.04 1.24 <0.01 1.05 0.92 1.21 0.44 

Ozark Highlands WUI –0.14 0.30 0.21 0.18 –0.06 0.62 0.96 0.90 1.02 0.23 – – – – 

Non-WUI 0.24 0.05 0.28 0.03 0.31 <0.01 1.15 1.02 1.36 0.05 – – – – 

Piedmont WUI 0.20 0.15 0.13 0.58 0.19 0.14 1.04 0.98 1.12 0.21 – – – – 

Non-WUI 0.17 0.20 –0.36 0.10 0.12 0.36 1.03 0.97 1.11 0.36 – – – – 

Ridge and Valley WUI 0.09 0.48 0.16 0.29 0.10 0.43 1.02 0.95 1.09 0.59 – – – – 

Non-WUI 0.22 0.10 –0.05 0.77 0.18 0.14 1.06 0.99 1.14 0.10 – – – – 

South Central Plains WUI 0.20 0.14 –0.07 0.77 0.18 0.16 1.05 0.99 1.14 0.12 1.07 0.92 1.26 0.35 

Non-WUI 0.18 0.15 0.01 0.96 0.16 0.19 1.06 0.99 1.15 0.11 0.99 0.89 1.08 0.78 

Southeastern Plains WUI 0.07 0.61 0.11 0.47 0.07 0.56 1.00 0.93 1.07 0.99 – – – – 

Non-WUI 0.36 <0.01 –0.07 0.59 0.25 0.04 1.26 1.04 1.83 0.09 – – – – 

Southern Coastal 
Plain 

WUI 0.13 0.28 –0.00 0.99 0.11 0.37 1.18 0.98 1.68 0.18 1.01 0.95 1.06 0.83 

Non-WUI 0.26 0.03 0.05 0.67 0.16 0.19 – – – – 1.00 0.96 1.03 0.84 

Southwestern 
Appalachians 

WUI 0.04 0.79 –0.52 0.02 0.01 0.94 1.01 0.95 1.08 0.71 – – – – 

Non-WUI 0.07 0.61 –0.18 0.29 0.06 0.65 1.02 0.96 1.09 0.47 – – – – 

Western Allegheny 
Plateau 

WUI –0.18 0.19 –0.20 0.47 –0.17 0.20 0.96 0.89 1.04 0.34 – – – – 

non-WUI – – – – – – – – – – – – – – 

Changes in regime characteristics for large (>200 ha) wildfires inside and outside the wildland–urban interface (WUI) across Level III ecoregions of the eastern United States from 1986 to 2021. The number, 
average size (in ha) and total area burned (in ha) were assessed using the Mann–Kendall Trend Test. The annual probability of large wildfire occurrence and the probability of human ignition were also 
evaluated using a binomial generalised linear model. We only included ecoregions containing 10 or more WUI or non-WUI large wildfires during the study period for these assessments. Dashes (–) indicate 
insufficient data for analysis.  
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Across the eastern US, the odds of a large wildfire being 
human-ignited increased both inside and outside the WUI; 
however, neither was statistically significant (Table 2). At 

the L3 ecoregion scale, the odds of a large wildfire being 
human-ignited increased through time in the Ouachita 
Mountains ecoregion inside the WUI, whereas the Middle 

1000 km

(a) WUI wild!re number (b) Non-WUI wild!re number

(c) Average WUI wild!res size (d) Average non-WUI wild!res size

(e) Total area burned by WUI wild!res (f) Total area burned by non-WUI wild!res

Tau

0.3
0.2
0.1
0.0
–0.1
–0.2
–0.3

NA

Tau

0.3
0.2
0.1
0.0
–0.1
–0.2
–0.3

NA

Tau

0.3
0.2
0.1
0.0
–0.1
–0.2
–0.3

NA

Tau

0.3
0.2
0.1
0.0
–0.1
–0.2
–0.3

NA

Tau

0.3
0.2
0.1
0.0
–0.1
–0.2
–0.3

NA

Tau

0.3
0.2
0.1
0.0
–0.1
–0.2
–0.3

NA

N

Fig. 3. Maps showing Mann–Kendall tau values for annual changes in the (a–b) number, (c–d) average size (in ha), 
and (e–f) total area burned (in ha) by large wildfires (>200 ha) inside and outside the WUI. Darker red colours 
represent ecoregions with more consistent positive trends over time, whereas darker blue colours represent 
ecoregions with more consistent negative trends over time. Grey represents ecoregions excluded from analysis 
owing to insufficient wildfire numbers over the study period.    
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Atlantic Coastal Plain showed an increasing trend in the 
odds of human-ignited large wildfires outside the WUI. 
That said, neither ecoregion trend was statistically signifi
cant (Table 2). 

Discussion 

Large wildfire regime characteristics in the eastern US dis
played unique dynamics in the WUI compared with non- 
WUI wildfires. Although the WUI covers 22% of the area in 
the eastern US, 45% of large wildfires burned there, indicat
ing that the WUI disproportionately affects wildfire risk in 
the eastern US. Southwestern ecoregions of the eastern US 
experienced rapid WUI growth, which coincided with the 
strongest signals of increasing wildfire both inside and out
side the WUI. WUI wildfires are increasing in certain ecor
egions; however, increasing trends were more substantial 
and abundant outside the WUI, suggesting that non-WUI 
wildfires are likely the primary driver of increasing large 
wildfire trends documented across the eastern US (Donovan 
et al. 2023). Furthermore, we found that northern ecore
gions experienced very few large wildfires, despite having a 
high proportion of WUI. These findings suggest that increas
ing large wildfire trends in the eastern US are primarily 
driven by large wildfires outside the WUI. 

The disparity in shifting wildfire regime characteristics 
within and outside the WUI is likely linked to a host of 

social-ecological factors. Numerous studies have demon
strated links between increasing wildfire and shifting 
climate and vegetation dynamics (Weltzin and McPherson 
2003; Donovan et al. 2020; Brown et al. 2021). The south
east is experiencing increasingly drier and warmer climatic 
conditions, which likely plays an important role in increas
ing large wildfire occurrence across the region (Fill et al. 
2019; Kupfer et al. 2020). However, factors that function at 
smaller scales, such as fuel dynamics, ignitions and suppres
sion potential are more likely to be influencing differences 
in wildfire regime characteristics inside and outside the 
WUI. For example, the WUI is more likely to have higher- 
density forests (Sonti et al. 2022), more invasive species 
(Gavier-Pizarro et al. 2010) and a greater number of ignition 
sources (Calviño-Cancela et al. 2016; Syphard et al. 2017), 
all of which have the potential to increase wildfire risk. 
We correspondingly found that wildfires occur dis
proportionately more in the WUI. Interestingly, however, 
increases in large wildfires are largely occurring outside the 
WUI. Although decades of fire suppression are likely leading 
to more large wildfires outside the WUI owing to increased 
fuel loads (Kreider et al. 2024) combined with changing 
climate (Brown et al. 2021), within the WUI, these same 
drivers may be largely mitigated by timely and effective 
firefighting (e.g. Calkin et al. 2014; Swimley 2021; Daniels 
et al. 2024; Kreider et al. 2024). Suppression resources are 
often directed toward larger wildfires that burn in areas 
with higher housing density, thereby minimising economic 

1986–1995

1986–1995

Jan Mar

WUI classi�cation

Jun

Non-WUI WUI

Sep Dec

Jan Mar Jun Sep Dec

2012–2021

2012–2021

1986–1995
Jan Mar Jun Sep Dec

2012–2021

1986–1995
Jan Mar Jun Sep Dec

2012–2021

1986–1995
Jan Mar Jun Sep Dec

2012–2021

65 Southeastern Plains

(b)

67 Ridge and Valley

69 Central Appalachians 75 Southern Coastal Plain

(a)
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Fig. 4. Gaussian kernel density estimates for large (>200 ha) wildfire seasonality inside and outside the wildland–urban interface (WUI) 
of the (a) Level 1 Eastern Temperate Forests ecoregion (the eastern US), and (b) Level III ecoregions. Only ecoregions that contained five 
or more WUI and non-WUI large wildfires within the first and last decades of our assessment were used to create density estimates 
because a smaller sample size would be insufficient for proper visualisation. Bandwidth was determined using ‘Silverman’s Rule of 
Thumb’ ( Silverman 1986).    
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loss (Swimley 2021). However, this may leave areas of low 
housing density without firefighting resources, allowing 
fires to grow larger and burn for longer. Furthermore, higher 
levels of fragmentation in the WUI, particularly as it becomes 
more densely populated (Radeloff et al. 2018), may inher
ently drive smaller wildfires, meaning that increases in their 
occurrence were not captured in this study (Kreider et al. 
2024). Although our findings may suggest that suppression 
efforts have been fairly effective at preventing increases in 
large wildfire risk to people and structures in many areas 
in the eastern US, the slight increases in WUI large wildfires 
in the majority of ecoregions analysed may be a potential 
early warning for future increases in WUI wildfires if current 
socio-ecological trajectories continue. 

Although the northeastern US has a high proportion of 
WUI area, it experienced relatively few large wildfires com
pared with southern ecoregions. This difference in the 
occurrence of large wildfires may be due, in part, to a 
high degree of fragmentation in the north (e.g. Wickham 
et al. 2008; Riitters et al. 2012; Hanberry 2020; Carlson 
et al. 2021). Although these regions contain a high propor
tion of WUI area, they also contain dense urban areas and 
croplands, which have been shown to limit the occurrence 
of large wildfires owing to insufficient fuel and fuel connec
tivity (Hanberry 2020) to generate wildfires greater than 
200 ha (the threshold for inclusion in our analysis). Prior 
research has suggested that fragmented landscapes in the 
northeastern US hamper wildfire spread, driving numerous 
small wildfires not captured in our study (Carlson et al. 
2021). Further research could examine the overall trends 
of small wildfires to determine if shifts in large wildfire 
occurrence are happening in smaller wildfires in northern 
regions. Northern regions of our study area have also experi
enced wetter conditions that may be increasing fuel mois
ture and thereby reducing wildfire risk (Thibeault and Seth 
2014; Vaittinada Ayar and Mailhot 2021). Furthermore, the 
north has experienced substantial ‘mesophication’, in which 
tree species experience a compositional change toward 
shade tolerance following fire exclusion, creating conditions 
that further preclude fire from the system (Nowacki and 
Abrams 2008; Donovan et al. 2023). Nonetheless, climate 
change is predicted to increase the risk of wildfires across 
the eastern US (Bedel et al. 2013; Swanston et al. 2018; Fill 
et al. 2019), making preemptive and adaptive management 
imperative. 

Increased wildfire risk in ecoregions that experienced 
significant increases in large wildfire within the WUI may 
be driven by changing land use and WUI expansion. We 
observed the greatest increases in WUI area in southwestern 
ecoregions, which also experienced the most consistent 
increases in wildfire activity. This may be due to heightened 
ignition potential, the spread of exotic and woody species, and 
an increase in the presence of flammable materials associated 
with WUI growth (Fernandez-Pello 2017; Donovan et al. 
2020; Mietkiewicz et al. 2020; Hanberry 2022). For instance, 

the Ouachita Mountains of Arkansas experienced an increase 
in the odds of human-ignited large wildfires in the WUI, 
suggesting that additional ignition sources associated with 
WUI expansion may be a driving factor for increased WUI 
wildfire activity. Although WUI growth may be heightening 
wildfire risk in southwestern ecoregions, this area also experi
enced changing land use associated with timber harvesting 
(Drummond et al. 2020). Timber operation can increase wild
fire activity through ignition from machinery and increased 
dry fuels from slash piles (Stone et al. 2004; Sjöström et al. 
2019). Timber harvesting has been shown to promote the 
invasion of exotic species such as cogongrass (Imperata cylin
drica), thereby substantially altering the fuelbed (Burrell et al. 
2015; McGranahan and Wonkka 2022). This alteration can 
heighten fire intensity by increasing fuel loading and continu
ity, and promote more rapid and expansive fire spread in 
logged areas (Tomat-Kelly et al. 2021). With the number of 
large wildfires projected to continue to increase under future 
climate (Senande-Rivera et al. 2022) and the continuing 
expansion of the WUI, suppression capacity is likely to be 
spread increasingly thinly in the eastern US. Proactive fuels 
management, especially in and around communities in the 
WUI, will be important, particularly in regions showing sig
nals of increasing large wildfire activity in the WUI. Our study 
highlights the importance of the WUI in influencing large 
wildfire regimes, and provides a starting point for more 
region-specific analyses of drivers of changing large wildfire 
dynamics inside and outside the WUI. 

Supplementary material 

Supplementary material is available online. 
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