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Introduction 
The Wayne National Forest is in the process of revising the 2006 Wayne Forest Plan with 
direction from the 2012 planning rule. The 2012 planning rule is meant to “guide the 
collaborative and science based development, amendment, and revision of land management 
plans that promote the ecological integrity of national forests and grasslands and other 
administrative units of the National Forest System” (36 C.F.R. §219). The forest plan is the 
principal document that guides the decisions of Wayne National Forest managers. 

The assessment phase is the first phase of the forest plan revision process. The assessment phase 
is a focused process intended to establish a base of information to guide the revision and help 
Forest Service managers develop an understanding of social, economic, and ecological trends 
across the region and the role of the national forest in sustainable land management. This process 
will aid in creating a working relationship with the public and stakeholders before starting the 
revision process (USDA 2016). 

The assessment phase is used to establish current conditions and trends and incorporate 
information from all relevant sources (36 C.F.R. §219). As part of the assessment phase, there is 
a need to evaluate the ways in which fire can effect landscapes. The 2012 planning rule directs 
Forest Service managers to identify ecosystem integrity as a key topic area to be assessed and 
integrated into the national forest’s forest plan. Ecological benefits balanced with prescribed fire 
and fire suppression can support opportunities to restore and prevent ecosystem degradation. 
During the next phase of the forest plan revision process, this Wildland Fire and Fuels 
Supplemental Report, in conjunction with other assessment reports and products, will be used to 
develop integrated forest plan components and management decisions. 

Additionally, the integration of natural resource values characterized in a wildfire risk framework 
as Highly Valued Resources or Assets (HVRAs) offers information on the risk to ecological 
integrity from wildfire. This Wildland Fire and Fuels Supplemental Report evaluates vegetation 
characteristics, fire return intervals, fuel models, wildfire risk, occurrence, and wildfire 
suppression that correlate to management goals outlined in the current 2006 Wayne Forest Plan. 

Scope of the Assessment 
This supplemental report is intended to be a broad evaluation of existing information, conditions, 
trends, and decision-making frameworks regarding the presence and use of fire on the landscape. 
It is not meant to be a comprehensive reflection of all trade-offs between human development 
and ecological values. Although the report will provide a general description of the role fire plays 
on the landscape, other assessment products interrelate and must be considered collectively to 
develop forest plan components and management decisions during later phases in the revision 
process. Further, this document is one of multiple that consider fire, including the Terrestrial 
Ecosystems Supplemental Report and the Air Quality Supplemental Report.  
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The Wayne National Forest recognizes that fire is an ecological system driver which can also 
pose a wildfire risk to communities and natural resources that arise from multiple factors, which 
include the density of homes and human infrastructures within the wildland-urban interface. 
Other factors include vegetation characteristics, fuel characteristics, wildfire occurrence, and the 
availability of suppression resources. To take these factors into account, a holistic approach was 
needed to identify opportunities and management options for reducing risks to communities and 
natural resources. Consequently, Federal, State, and private lands were analyzed over a 17-
county study area. 

 
Figure 1. Wayne National Forest wildland fire and fuels analysis area 

Regulatory Framework 
Forest Service planning regulations provide direction to managers on the required content of a 
forest plan and the procedures for developing, revising, and amending those forest plans. The 
most recent National Forest System Land Management Planning Rule, also known as the 2012 
planning rule, was published in 2012 (36 C.F.R. §219). The 2012 planning rule mandates that 
wildfire be included in the forest plan revision process. Forest Service Manual, Chapter 1929, 
and Forest Service Handbook, Chapter 1909.12, provide further direction and guidance to 
managers for implementing the 2012 planning rule (USDA 2012a).  

Forest Service Manual, Chapter 5102, directs the Agency to meet the “Forest Service mission 
through the use of fire management programs to protect people and communities, conserve 



Draft Wildland Fire and Fuels Supplemental Report 

3 | P a g e  
 

natural and cultural resources, and maintain and restore ecological health” (USDA 2012a). Fire 
management programs and activities involve wildfire suppression and fuels management to 
protect public safety and to encourage resiliency to disturbance and ecosystem services in 
accordance with the forest plan.  

Forest Service Manual, Chapter 5140- Hazardous Fuels Management and Prescribed Fire, 
provides “direction on mitigating hazardous fuels and using fire to achieve desired landscape 
conditions and attain Land and Resource Management Plan [forest plan] objectives” (USDA 
2012a). In August 2017, the Forest Service released an amended version of Chapter 5140 based 
on recommendations originating from the Office of Inspector General’s audit in 2016. These 
amendments require Forest Service regions to develop wildfire risk assessments to identify and 
prioritize hazardous fuel reduction projects consistent with an already established National 
Wildfire Risk Assessment framework. Forest Service Manual, Chapter 5140, directs the Forest 
Service to utilize national, regional, or locally developed landscape-level risk assessments to 
inform the identification and prioritization of hazardous fuel reduction projects in the Wayne 
National Forest (USDA 2012a). 

National Cohesive Wildland Fire Management Strategy 
Similar to the 2012 planning rule, The National Cohesive Wildland Fire Management Strategy 
encourages early collaboration with stakeholders in the planning process to guide fire and land 
management activities (USDA and DOI 2014). This Wildland Fire and Fuels Supplemental 
Report is commensurate with the National Cohesive Wildland Fire Management Strategy 
framework in order to strategically align management objectives and develop an outcome-based 
landscape strategy. This strategy identifies three primary goals to achieve this vision: 

1. Restore and maintain resilient landscapes. While evaluating the risk of wildfires to wildland-
urban interface or the change in vegetation species and structure as a result, sustainability and 
resistance to recovery from disturbance or the lack thereof remains a broad focus. Landscape-
level natural resources and economic heterogeneity are complex interactions. Simple 
definitions of landscape restoration and resiliency are not easily defined (WFLC 2014). 

2. Promote fire-adapted human communities. Wildfire risk has various components including 
occurrence, extent, communities and infrastructure, and social and economic resources 
(WFLC 2014). Vegetation, fire risks, and fire suppression conditions are considered within 
this supplemental report and within the Terrestrial Ecosystems Supplemental Report.  

3. Enhance safe and effective wildfire response. This goal encourages all jurisdictions to 
participate in making and implementing safe, effective, and efficient risk-based wildfire 
management decisions (WFLC 2014). Landscape-level wildfire response encompasses 
National Forest System lands, state lands, and private lands, as well as fire department 
resources. This assessment will offer details into the complexity of multiple wildfire response 
areas in the wildland-urban interface.  
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Restore & Maintain Resilient Landscapes 
Ecosystem integrity, as defined by the 2012 planning rule, is characterized by elements of 
composition, structure, function, and connectivity, and their perceived changes within and 
outside a natural range of variation. Every ecosystem has “succession classes,” or developmental 
stages of their own vegetation composition and structure. The expected composition and 
structural characteristics under historic disturbance regimes are referred to as “reference 
conditions” (Rollins 2009).  

To assess ecological integrity as it relates to fire as a system driver, a comparison was made 
between the current distribution of forest vegetation development (species and canopy closure) 
and the relative distribution of reference conditions that would have existed under natural 
disturbance regimes. Fire regimes are a method of classifying the relationship between fire and 
ecosystems. Fire frequency, intensity, and seasonality are all components of fire regimes. 
Collectively, fire regimes are the result of interactions between climate, topography, fuels, and 
weather (Flannigan et al. 2000). Overall, there is an ecosystem benefit when fire is permitted to 
occur naturally (Scott et al. 2014).  

Climate directly affects the frequency, size, and severity of fires, and indirectly affects fire 
regimes from resulting effects on vegetation vigor, structure, and composition (Moritz et al. 
2012; Sommers et al. 2011). Climate change is predicted to exacerbate wildfire frequency and 
severity in the future. Past land use and contemporary fire suppression has led to shifts in natural 
disturbance regimes and are currently a stressor and threat to some ecosystems. Under predicted 
climate change within the Central Appalachian Forest Ecosystem, the duration of fire season is 
expected to increase by several months, primarily due to warming (Butler et al. 2015) and 
increased length of growing season. 

Vegetation Composition & Structure  
Vegetation composition and structure pertain to which species are most common and how the 
vegetation is generally arranged. When fires burn across the landscape, they directly—but not 
uniformly—affect the vegetation composition and structure, increasing heterogeneity (Keane et 
al. 2002). Fire can effect vegetative species differently depending if the species is fire tolerant 
(pyrophiles) or fire sensitive (pyrophobes) (Thomas-Van Gundy and Nowacki 2013; Nowacki 
and Abrams 2015). These ecosystems exhibit a variety of conditions ranging from single-
canopied forests to open savannas with lower tree densities. For example, pyrophilic species are 
preponderant in oak ecosystems which are composed of fire-tolerant species driven by recurrent 
fire (Lafon et al. 2017).  

Wildfires can influence ecosystem processes and individual species in terrestrial ecosystems 
(Bowman et al. 2009). Altering fire processes such as severity and frequency can impact forest 
composition, species diversity, and wildlife habitat (Miller and Aplet 2015). Since the early 
1920s, fire suppression policies in combination with past land uses have disrupted historical fire 
regimes, leading to changes in vegetation composition and structure (Nowacki and Abrams 
2008). Due to the lack of disturbances—such as fire on the landscape—forests are rapidly 
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undergoing the mesophication process, which occurs when forest understories primarily consist 
of fire-sensitive trees and fire tolerant species are in decline (Nowacki and Abrams 2008; Palus 
et al. 2018).  

Information from the Terrestrial Ecosystems Supplemental Report (Nowacki et al. 2019), in 
addition to other sources, were used to assess vegetation composition and structure to provide 
context related to vegetation trends across time and their relationship to historical fire regimes.  

As described by Nowacki et al. (2019):  

Oaks continue to dominate today (Albright et al. 2018), perhaps even bolstered by 
recent past disturbances (loss of American chestnut by blight and pine through 
excessive cutting/burning at the turn of the 20th Century; Nowacki and Abrams 
1992). However, the system now operates under a vastly different set of 
disturbance conditions. Indirectly, through long-term fire suppression, natural 
succession processes have initiated and steered these systems toward shade-
tolerant, fire-sensitive mesophytic trees (Hutchinson et al. 2008). In a cascading 
fashion, former open systems converted to closed-canopy, second-growth forests 
with dense mesophytic (maple, beech) understories that cast a deep shade 
preventing oaks to adequately regenerate and recruit (Palus et al. 2018, Radcliffe 
2019). Excessive shading has had a devastating effect on understory diversity, all 
but eliminating most heliophytic (sun loving) ground flora associated with former 
open oak systems. Ironically, this depauperate condition missing the rich array of 
pyrogenic plants has been miscast as an indicator of the lack of fire in the distant 
past (Matlack 2013). Although current forests have a fair degree of 
connectedness, it is hard to interpret what that really means as the compositions 
(increased mesophyte representation), structures (closed, multi-tiered canopies), 
and disturbance processes (little to no fire) are so out of whack. Surely, plant and 
animal species that favor mesophytic trees and stand conditions have benefitted at 
the expense of those that evolved/flourished within the prominent open oak 
ecosystems of the past. Without combined silvicultural treatments of thinning and 
burning (Vander Yacht et al. 2017, 2018; Schweitzer et al. 2019), this trend will 
only escalate, sapping the oak resource and its many dependent wildlife species 
(McShea and Healy 2002). Southeast Ohio is not alone in this regard, merely a 
microcosm of what is happening across the eastern United States (Nowacki and 
Abrams 2008, 2015). The future is somewhat uncertain as a changing climate may 
further alter successional trajectories through drought and enhanced fire-weather 
conditions (Iverson et al. 2019b). 

Pre-Euro-American Settlement Vegetation 

Prehistoric Period 
Indigenous peoples utilized fire as a tool to promote plant communities that supported game 
abundance (Abrams and Nowacki 2008). According to archaeological evidence found at Archaic 
Period sites in Ohio, fire was being applied by indigenous cultures as early as 8,000 years ago to 
propagate nut trees and reduce wildfire danger (Lepper 2005). Archaeological evidence of wild 
plant and animal remains from the prehistoric period indicate that more than 90% of plants were 
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fire-adapted at 18 sites across the southern unglaciated Allegheny Plateau (D. Minney; The 
Nature Conservancy, retired; pers. comm.; Nov. 9, 2018).  

As described by Iverson and others (Iverson et al. 2019a, pages 12-13), oaks persisted over a 
10,000 year timespan despite climate fluctuations with the most likely explanation being fire use 
by indigenous peoples. Fires set by indigenous peoples in the prehistoric timeframe was the 
natural fire regime that developed oak as a keystone species. Fire regimes began to shift, first 
with different historic tribes coming and going after major depopulation from disease, and then 
with Euro-American land uses and intense fires of the industrial period. Fire stopped as a 
disturbance factor some 80 years ago.  

Witness Tree Data 
Public land surveys conducted in the 18th century document witness trees to facilitate the 
relocation of property boundaries. These witness trees provide a record of forest conditions prior 
to Euro-American settlement (Iverson et al. 2019b). Utilizing the surveys, Dyer and Hutchinson 
(2019) created a witness-tree database to adequately characterize pre-settlement vegetation for 
ecological subsections of southeastern Ohio including the Ohio Valley Lowland (221Ec), East 
Hocking Plateau (221Ed), and the Western Hocking Plateau (221Ef) (figure 2). Throughout the 
subsections, pyrophilic species—such as white oak, black oak, and hickory—overwhelmingly 
dominated at a range of 61% to 75%. Mesophytic species covered only a small percentage where 
the land had increased moisture and fertility. The species in the witness tree database were split 
into pyrophiles and pyrophobes to produce a pyrophilic percentage map (figure 3) for the Wayne 
National Forest using the methods of Thomas-Van Gundy and Nowacki (2013) (database secured 
through Dr. Todd Hutchison, Northern Research Station).  

 
Figure 2. Area from which witness tree data were obtained from two Ohio land surveys conducted in 
the late 18th century, relative to ecological subsection boundaries of Section 221E (Iverson et al. 2019a) 
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Witness trees as pyroindicators is discussed by Iverson et al. (2019a) as follows:  

“The resulting map illustrates that a high degree of pyrophilicity once existed 
across all units in presettlement times. With little observable spatial variation, 
ecological units were used to investigate and discern possible patterns and 
underlining ecological relationships at multiple scales. First, the pyrophilic 
percentage map was clipped to Subsection boundaries and distributional 
histograms created to assess if pyrophilic percentages differed among these 
coarse-scale ecological units. All 3 Subsections had similar negatively skewed 
distributions (right-leaning curves), indicative of comparable (high) fire settings at 
this spatial scale (Thomas-Van Gundy and Nowacki 2016). Fine-scale landtypes 
(defined in following section) were subsequently used as analysis units and a 
similar distributional pattern occurred among all three.” 

 
Figure 3. Pyrophilic percentage map for units of the Wayne National Forest 
Note: No witness trees were recorded south of the Ohio River (outside the state of Ohio), hence pyrophilic percentages drop 
precipitously along the state boundary adjacent to the Marietta Unit, an artifact of no data 
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Iverson et al. (2019a) continues:  

“Perhaps this is not unexpected given the combined dominance of oak, hickory, 
and other pyrophilic trees across the landscape and the strong spatial 
autocorrelation of fire (i.e., areas adjacent to active fire have a high probability of 
burning too). Alternatively, perhaps the pyrophilic percentage map is at a 
resolution too coarse to capture landtype-level characteristics. In any case, to 
maintain such a large component of pyrogenic trees across all settings, fire 
seemingly was a landscape-level phenomenon, burning regularly across most of 
southeastern Ohio and embedded topographic positions. Only the pervasiveness 
of presettlement fire can adequately explain oak (and associated pyrophiles) 
dominance throughout, especially on more rich and mesic locations, such as 
Rolling Bottomlands, where competition from shade-tolerant mesophytes is 
otherwise overwhelming (Iverson et al. 2018). Due to their desirability by humans 
(level land for habitation, fertility and arability for food production, close 
proximity to drinking water and river transportation, etc.), Native Americans 
undoubtedly bolstered fire in Rolling Bottomlands (Stambaugh and Guyette 
2008).” 

Ecological Landtypes 
The 17-county study area falls within the west-central portion of the Southern Unglaciated 
Allegheny Plateau, Section 221E (Iverson et al. 2019a). Section 221E is broken into five 
ecological subsections (figure 4). To provide a finer scale analysis, three ecological landtypes 
were used including Dry Oak Forest, Dry-Mesic Mixed Oak Forest, and Rolling Bottomland 
Mixed Hardwood Forest. These ecological units were delineated and described for the 17-county 
study area by (Iverson et al. 2019a).  
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Figure 4. The assessment study area (red outline) and Wayne National Forest proclamation boundary 
(yellow outline) superimposed on ecological subsections within the Southern Unglaciated Allegheny 
Plateau Section (black outline) (Iverson et al. 2019a) 

Dry Oak Forest Landtype 
This landtype occurs on rugged upland positions, primarily ridgetops and southwest-facing upper 
slopes, and is distributed throughout southeast Ohio comprising 40% of the 17-county study area 
(figure 5). Here, available water storage capacity is relatively low, with a low integrated moisture 
index score. The inherent dryness of these sites promote xerophytic tree species. Forests 
currently dominate this landtype within the study area (76%) and within the Wayne National 
Forest proclamation boundary (82%). Agriculture is the next common land use, more so over the 
study area (18%) than the embedded Wayne National Forest proclamation boundary (9%). 
Current forests have uncharacteristically high canopy closure when compared with the more 
open conditions of the past (figure 6), especially within the Wayne National Forest proclamation 
boundary (47%). Early successional stages are also absent from current conditions. This is the 
result of 80+ years of fire suppression, mesophication, and densification, impacting both species 
composition and structure. It is estimated that 10% of this landtype would have historically 
burned annually, burning over 200,000 acres of the study area and 37,000 acres within the Wayne 
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National Forest proclamation boundary. In contrast, few acres burn today in the study area and 
approximately 2,000 acres are burned annually within the Wayne National Forest 
proclamation boundary. 

Figure 5. Distribution of the Dry Oak Landtype across the 17-county study area (Nowacki et al. 2019) 
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Figure 6. Succession class acres (percentages) for the Dry Oak Forest Landtype within the Wayne 
National Forest proclamation boundary (Nowacki et al. 2019) 

Dry-mesic Mixed Oak Hardwood Forest Landtype  
This landtype is also well distributed across uplands throughout southeast Ohio, comprising 29% 
of the 17-county study area (figure 7). Here, too, forests currently dominate, though at a lower 
level with the study area (68%) compared to the Wayne National Forest proclamation boundary 
(82%). The Dry-Mesic Mixed Oak Hardwood Forest Landtype occurs primarily on midslope 
positions. The integrated moisture index score for this landtype is intermediate, indicating a dry-
mesic setting. Agriculture was a common land use across the study area (21%), but not so much 
within the Wayne National Forest proclamation boundary (9%). Historically, oak woodlands 
were the principal cover type of the study area (57%; figure 8) and the Wayne National Forest 
proclamation boundary (61%).  

Mesophication and densification processes are again evident today as systems have moved to 
closed-canopy oak forests and mixed mesophytic forests across the study and proclamation 
boundary areas (33% and 29%, respectively). This shift is even starker within the Wayne 
National Forest proclamation boundary, with 40% and 37% of the land in closed-canopy oak 
forests and mixed mesophytic forests. It is estimated that 14% of the land would historically burn 
annually, affecting 220,000 acres of the study area and 34,000 acres within the Wayne National 
Forest proclamation boundary. 
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Figure 7. Distribution of the Dry-mesic Mixed Oak Hardwood Forest Landtype across the 17-county 
study area (Nowacki et al. 2019) 

 
Figure 8. Succession class acres (percentages) for the Dry-mesic Mixed Oak Hardwood Forest 
Landtype within the Wayne National Forest proclamation boundary (Nowacki et al. 2019) 
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Rolling Bottomland Mixed Hardwood Forest Landtype 
This landtype forms a web-like pattern, being concentrated within riparian corridors throughout 
the assessment area (figure 9). It occurs on lower, mesic-to-wet topographic positions, 
comprising 31% of the 17-county study area. They encompass broad-to-narrow valley floors and 
surrounding toeslopes. The desirability of this landtype for agriculture and development is 
clearly evident, especially across the study area (31%, 16%) compared to the Wayne National 
Forest proclamation boundary (16%, 14%). Accordingly, forests here currently comprise a lower 
proportion of the land compared to the other two landtypes (52% of the study area; 69% of the 
Wayne National Forest proclamation boundary). The high degree of land conversion makes past-
to-current vegetation comparisons difficult. In any case, there has been a distinct shift away from 
historic oak woodlands and forests and an uptick in the regenerating oaks class. It is estimated 
that 7% of this landtype historically burned annually, resulting in >110,000 acres burned over the 
study area and >15,000 acres within the Wayne National Forest proclamation boundary. 

 
Figure 9. Distribution of the Rolling Bottomlands Mixed Hardwood Forest Landtype across the 17-
county study area (Nowacki et al. 2019) 
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Figure 10. Succession class acres (percentages) for the Rolling Bottomlands Mixed Hardwood Forest 
Landtype within the Wayne National Forest Proclamation Boundary (Nowacki et al. 2019) 

Discussion 
Fire as a landscape-level phenomenon burned regularly across most of southeastern Ohio, and 
the pervasiveness of pre-Euro-American-settlement fire explains oak (and associated pyrophiles) 
dominance throughout, especially on more rich and mesic locations—such as Rolling 
Bottomlands—where competition from shade-tolerant mesophytes is otherwise overwhelming 
(Iverson et al. 2018). Fire effects on vegetation vary based on landtype and vegetation 
composition. The largest change can be seen in forest structure and the loss of woodlands and 
increase in canopy closure. There is a loss of other ecological benefits to fire-adapted 
ecosystems, such as fire-induced flowering, bud protection/re-sprouting, seed storage, and fire-
stimulated growth.  

Collectively, it is estimated that 530,000 acres within the 17-county study area and 86,000 acres 
within the Wayne National Forest proclamation boundary would have historically burned 
annually. Of the three landtypes, fire was a primary system driver in Dry Oak Forest and Dry-
Mesic Mixed Oak Forest landtypes. When compared to reference conditions, Dry Oak Forest 
landtypes currently have a 47% uncharacteristically high-canopy closure and Dry-Mesic Mixed 
Oak Hardwood Forest landtypes have shifted between 37% to 40% towards a closed-canopy oak 
forest and mixed mesophytic forest.  

The lack of fire or other disturbances have resulted in conversions from open-canopy forest to 
close-canopy forest. Subsequent development of mid-story canopy layers dominated by shade-
tolerant mesophytes have led to declines in ground flora and shrubs that require mid to high light 
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conditions. Under low light conditions, these once abundant plants decreased in vigor, often to 
the point of site extirpation. This conversion would predictably begin with grasses, then forbs, 
followed by woody shrubs and shade-intolerant trees such as oaks (Lafon et al. 2017; Lorber et 
al. 2018). The degree of mesophication and densification is contingent on site conditions 
occurring more frequently on mesic and lower slope conditions than on xeric sites (Iverson et al. 
2017 and 2018). 

Increased frequency of fire across the landscape will move current forest composition towards 
reference conditions. There is moderate evidence to suggest that wildfire risk will increase in the 
region by the end of the century. Under either suppressed or unsuppressed wildfire, the range of 
temperate deciduous forest is projected to shift northward, which could be favorable for the 
establishment of oak-dominated forest in Ohio (Butler et al. 2015). 

Fuels 
Vegetation composition and structure determine fuel model characteristics. Fuel model 
characteristics effect fire behavior and, in turn, effect ecosystems characteristics (Miller and 
Aplet 2015; Scott et al. 2014). In order to prioritize fuel treatments and align them with wildfire 
suppression and vegetation treatments, fire managers consider a variety of parameters including, 
but not limited to, fuels, past wildfire data, the probability of ignition, values at risk, and 
resistance to control.  

Forest fuels consist of dead and live biomass available for fire ignition and combustion (Albini 
1976; Sandberg et al. 2001). Dead surface fuels make up the majority of fuels available for 
consumption in the Wayne National Forest. Dead fuels have no living tissue in which moisture 
content is governed almost entirely by absorption or the evaporation of atmospheric moisture 
(e.g., relative humidity and precipitation) (NWCG 2018). 

Describing and quantifying fuel beds can be difficult because of the variable distribution, size, 
and arrangement. Dead fuel moisture content temporally changes with its associated 
environment, which affects their extinction of moisture percent or their ability for combustion. 
Changes in fuel availability for consumption during combustion directly influences fire behavior 
and in turn fire effects (Keane 2008; Keane et al. 2012).  

Vegetative fuels in the wildland-urban interface of the northeastern United States have been 
altered and appear to be increasing with the reversion of agricultural fields, ice storms, and tree 
mortality due to pest and disease outbreaks (Dibble et al. 2007). Encroachment by non-native 
invasive plants into forest openings substantially increases live fuel loading and alters forest 
fuels; however, the combustion characteristics of non-native invasive plants are largely unknown 
for a variety of species (Dibble et al. 2007). Non-native invasive species encroachment in 
disturbed canopies causes a substantial increase in live fuel loading in dense areas. Some non-
native species and opportunistic native species are known to effect fire behavior during moderate 
to severe fire weather conditions. Non-native species such as Japanese honeysuckle (Lonicera 
japonica) and native roundleaf greenbrier (Smilax rotundifolia) have a high heat of combustion 
(Dibble et al. 2007) and increase the resistance to control. Japanese stiltgrass (Microstegium 
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vimineum) significantly increases the load of continuous fine fuels, which increases the rate of 
spread when available for combustion. 

Surface fire behavior, fire effects models, and prediction systems are driven, in part, by fuelbed 
inputs such as load, size, fuel moisture content, weather, and topography. To facilitate use in 
models and systems, fuelbed inputs have been formulated into fuel models. A fuel model is a set 
of fuelbed inputs needed for a particular fire behavior or fire effects model (Scott and Burgan 
2005). 

Fuel Models 
From 1982 to 2004, the Forest Service utilized Hal Anderson’s 13 fuel models (Anderson 1982) 
to assist in wildfire behavior and effects predictions utilizing the “Rothermel’s Surface Fire 
Spread Model.” In 2005, the Forest Service published the “Standard Fire Behavior Fuel Models: 
A Comprehensive Set for Use with Rothermel’s Surface Fire Spread Model” (Scott and Burgan 
2005). This document outlines 40 fire behavior fuel models with greater efficiency than 
Anderson’s fuel models in predicting effects related to wildfire, prescribed fire, wildland fire use, 
and fuels treatments (Scott and Burgan 2005). To assist fire managers and fire behavior 
modelers, LANDFIRE mapped the Scott and Burgan 40 fire behavior fuel models. Like many 
LANDFIRE datasets, the fire behavior fuel model data is developed and delivered by National 
Land Cover Dataset Map Zones. These datasets were developed by combining LANDFIRE 
existing vegetation type, height and cover datasets, and assigning a fire behavior fuel model label 
to each combination based on rules developed at calibration workshops (figure 11). 
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Figure 11. Fire behavior fuel models (Scott and Burgan 2005) as mapped by LANDFIRE 

Fuel models within the study area include grass (GR), non-burnable fuel type models (NB), and 
Timber-understory (TU). The 17-county study area is dominated with timber litter fuel models 
(TL). In timber litter fuel models, the primary carrier of fire is dead and down woody fuel. Live 
fuel, if present, has little effect on increasing fire behavior. Currently, timber litter 6 (TL6) covers 
more than 85% of the study area, or roughly 2.5 million acres (figure 12). Timber litter 6 is 
generally defined by moderate load broadleaf litter, moderate fire spread rates, and low-flame 
length (Scott and Burgan 2005).  

Timber litter 6 dominance is reflective of the change in succession classes when comparted to 
oak woodlands reference conditions discussed in the Terrestrial Ecosystems Supplemental 
Report. Reference conditions in woodlands would primarily be composed of litter, grasses, and 
forbs categorized by the timber-understory (TU) fuel model. Timber-understory is a dynamic fuel 
model characterized by seasonal transitions in live fuel moisture and fluctuations of moisture of 
extinction. Timber-understory is generally defined by forest litter in combination with 
herbaceous and shrub fuels. Live fuel moisture content has a strong effect on the rate of spread 
and intensity (Scott and Burgan 2005). 
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Figure 12. Acres by Scott and Burgan’s Fire Behavior Fuel Models as mapped by LANDFIRE (Scott and 
Burgan 2005)  

 
Figure 13. Wayne National Forest firefighter conducting a prescribed burn to reduce hazardous fuel 
loading and impede woody stem encroachment in an open area surrounded by homes and structures 
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Hazardous Fuel 
As defined by Forest Service Manual, Chapter 5140, Hazardous Fuels Management and 
Prescribed Fire, hazardous fuel is defined by type, arrangement, volume, condition, and location 
which presents a threat of ignition and resistance to control. “Resistance to control” is the 
relative difficulty of constructing and holding a control line as effected by resistance to fireline 
construction and by fire behavior. Factors such as topography, dead fuel moisture, and variables 
in fuel loading and arrangement, can increase the threat of ignition, fire behavior, and resistance 
to control (USDA 2012a). 

As dead fuel moisture decreases, rates of spread and flame length increase, which increases the 
resistance to control. In table 1 through table 4, the BehavePlus Fire Modeling System was used 
to simulate this effect. The BehavePlus Fire Modeling System is among the most widely used 
systems for wildland fire behavior prediction models. It is designed for many uses, including 
wildfire behavior prediction, prescribed fire planning, fire investigation, fuel hazard assessment, 
fire model understanding, communication, and research (Andrews 2013). Fire managers use fire 
modeling software like BehavePlus, in conjunction with field expertise, to generate wildfire and 
prescribed fire behavior predictions. 

Table 1. BehavePlus Fire Modeling System inputs = Head Fire Up Slope: High Intensity (20 mph winds, 
75 Degrees Fahrenheit, Low Fuel Moisture % (1hr: 4, 10hr: 6, 100hr: 10), 30% Slope) 

Fuel Model Rate of Spread in 66 feet per hour Flame Length in feet Probability of Ignition 
Timber litter 9 15.3 6.4 74% 

Timber litter 6 10.3 3.6 74% 

Timber litter 2 2.4 1.1 74% 
Grass 2 120.4 8.1 74% 

Table 2. BehavePlus Fire Modeling System inputs = Backing Fire Down Slope: High Intensity (20 mph 
winds, 75 Degrees Fahrenheit, Low Fuel Moisture % (1hr: 4, 10hr: 6, 100hr: 10), 30% Slope) 

Fuel Model Rate of Spread in 66 feet per hour Flame Length in feet Probability of Ignition 
Timber litter 9 0.6 1.4 74% 

Timber litter 6 0.4 0.8 74% 

Timber litter 2 0.1 0.2 74% 

Grass 2 3.3 1.5 74% 

Table 3. BehavePlus Fire Modeling System inputs = Head Fire Up Slope: Moderate-Low Intensity (3 mph 
winds, 45 Degrees Fahrenheit, Moderate Fuel Moisture % (1hr: 10, 10hr: 12, 100hr: 14), 30% Slope) 

Fuel Model Rate of Spread in 66 feet per hour Flame Length in feet Probability of Ignition 
Timber litter 9 2.4 2.5 27% 

Timber litter 6 1.5 1.3 27% 

Timber litter 2 0.4 0.4 27% 

Grass 2 11.5 2.5 27% 
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Table 4. BehavePlus Fire Modeling System inputs = Backing Fire Down Slope: Moderate-Low Intensity 
(3 mph winds, 45 Degrees Fahrenheit, Moderate Fuel Moisture % (1hr: 10, 10hr: 12, 100hr: 14), 30% 
Slope) 

Fuel Model Rate of Spread in 66 feet per hour Flame Length in feet Probability of Ignition 
Timber litter 9 0.4 1 27% 

Timber litter 6 0.2 0.6 27% 

Timber litter 2 0.1 0.2 27% 

Grass 2 1.7 1.1 27% 

Prescribed Fire 
Prescribed fire is utilized as a vegetation management tool to assist land managers in reaching 
desired land management objectives. Within the first decade of the 2006 Wayne Forest Plan, it 
was anticipated that prescribed burning could take place on up to 46,215 acres to encourage oak 
regeneration, and up to 21,904 acres to reduce hazardous fuels. The 2006 Wayne Forest Plan also 
discussed that some of the acreage may be double counted since prescribed burn units may be 
burned more than once within the same decade.  

From 2008 to 2018, the Wayne National Forest utilized prescribed burning as a land management 
tool on 22,216 acres. The same land areas were burned on multiple rotations, so the actual 
acreage impacted by burning was approximately 12,412 acres, or 5.1% of National Forest 
System land. Implementation trends indicate an increase in prescribed burn acres from 2008 to 
2018, although the actual treated acres are significantly less than the anticipated acres within the 
2006 Wayne Forest Plan (figure 14, table 5). 

 
Figure 14. Wayne National Forest prescribed burn treatment acre trends from 2008 to 2018 



Draft Wildland Fire and Fuels Supplemental Report 

21 | P a g e  
 

Table 5. Wayne National Forest prescribed burn treatment acres by year. 
Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Acres Treated 480 2,714 1,140 931 1,886 1,582 3,265 2,913 2,806 2,452 2,047 

Prescribed burns are intentionally ignited under specific fuel and weather conditions to achieve 
desired fire effects. With consideration of topography and fuel types, fire managers implement a 
variety of ignition techniques to control fire effects on vegetation and fuels. The survival and 
growth of oak regeneration is often limited by shade-tolerant species in the understory. Scientific 
studies have found that multiple burn treatments improved the competitive status of oak in 
mature stands while preserving large diameter oak species (Hutchinson et al. 2012; Iverson et al. 
2017). 

For example, the Wayne National Forest 2006 Athens Prescribed Burn Decision called to 
reintroduced prescribed fire on the landscape to promote fire tolerant (pyrophilic) oak species 
while reducing fuel loading. Within the decision’s project area, Dry Oak landtypes occur at 
ranges between 16 to 70 percent. In 10 of the 17 stands, Dry Oak landtypes dominated 50% of 
the landscape (figure 15) (Iverson et al. 2019b).  

 
Figure 15. Subsection 221Ed – East Hocking Plateau landtypes in the Bailey’s Project Area (outlined in 
black) on the Wayne National Forest in Athens County, Ohio. (Iverson et al. 2019a) 



Draft Wildland Fire and Fuels Supplemental Report 

22 | P a g e  
 

Within the project area, low to moderate fire behavior is applied in order to target small stem, 
fire sensitive (mesophytic) vegetation on Dry Oak and Dry-mesic Mixed Oak Hardwood Forest 
landtypes (figure 16). This method promotes small stem mortality of fire intolerant species while 
preserving mature tree species. Additionally, it keeps the soil intact while reducing surface fuels 
from a timber litter 6 to a timber litter 2 that would otherwise increase the rate of spread and 
intensity during a wildfire. 

 
Figure 16. Third application of prescribed fire within a 10-year period in the Middle Bailey prescribed 
burn in the spring of 2017 

Due to operational feasibility, in addition to soil disturbance and mesophytic forest 
considerations, prescribed burn areas may encompass forest types that have an infrequent fire 
occurrence history. Within these mesic or moist forest types, fuels have a higher extinction of 
moisture percent, which prohibits consumption and generally causes the fire to simply extinguish 
naturally. Fire managers utilize the extinction of moisture percent to act as a natural fire break as 
an alternative to ground disturbing activities needed to construct a fire break (figure 17). 

Prescribed Burn Seasonality 
Prescribed burns are typically ignited during the dormant season when fuels, moisture, and 
temperature are conducive to burn at a landscape level. This typically occurs during the spring, 
late summer, fall, and late winter outside of the growing season. During the growing season, fuel 
moistures increase and tree leaf out generally prevents the adequate drying of fuels under shaded 
conditions. Prescribed burns that occur in late summer rely on precipitation free periods when 
fuel moistures are low enough to support combustion. 

Climate change studies suggest that the growing season is lengthening within the 17-county 
study area primarily due to a later onset of fall. Recent studies found that spring has been 
occurring later by 4 to 8 days since the 1950s (Butler et al. 2015). Increases in growing season 
length have caused noticeable changes in the timing of biological activities such as bird 
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migration (Butler et al. 2015). Pollen seasons are starting earlier and lasting longer (Angel et al. 
2018). As seasons shift, plant species may respond to changes in temperature regimes with 
changes in leaf-out, reproductive maturation, and other developmental processes (Butler et al. 
2015). Longer growing seasons, especially those that are extended into the fall, could also result 
in greater growth and productivity of trees and other vegetation, but only when balanced by 
available water and nutrients (Butler et al. 2015). Longer growing seasons could also lead to 
changes in the distributions of plant and animal species (Butler et al. 2015).  

The timing of prescribed fire or fuels reduction activities may need to be shifted as temperatures 
and precipitation patterns change (Butler et al. 2015). Increased prescribed fire frequencies can 
accelerate the decline of species negatively affected by climate change and can accelerate the 
northward migration of southern tree species. As illustrated in figure 17, under desirable fuel 
moisture conditions, fire managers apply appropriate ignition techniques to target vegetation in 
Dry Oak and Dry-mesic Mixed Oak Hardwood Forest landtypes while utilizing a higher 
extinction of moisture percent to prohibit consumption in mesic or moist forest types 

 
Figure 17. Upper Bailey prescribed burn illustrates successful dry oak and dry-mesic mixed oak 
hardwood forest landtypes targeted for burn and mesic or moist forest types unburned 
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Air Quality 

Regulatory Framework 
The Clean Air Act requires that the U.S. Environmental Protection Agency (EPA) set national 
ambient air quality standards (NAAQS) at two levels for six air pollutants. A primary NAAQS is 
set to protect public health, while a secondary NAAQS is set to protect public welfare (e.g., 
damage to animals, crops, vegetation, and buildings). Each standard is reviewed every few years 
and revised if the most recent scientific research indicates that the current standard is not 
protective enough of sensitive populations. The six criteria pollutants are lead, sulfur dioxide 
(SO2), carbon monoxide (CO), nitrogen oxides (NOx), ozone (O3), and particulate matter (PM) 
(EPA 2018a). When measured concentrations of any of these pollutants consistently exceed the 
NAAQS, the area is usually designated as a “non-attainment” area by the EPA (EPA 2018b). 

In 1976, the National Forest Management Act recognized the fundamental need to protect and, 
where appropriate, improve the quality of soil, water, and air resources. Forest Service Manual, 
Chapter 5142.8, Smoke Management, contains smoke management direction and states that the 
Forest Service will coordinate prescribed fire program activities with regional air quality 
specialists and Federal, State, and Tribal air pollution control districts or county regulatory 
authorities to ensure compliance with the regulations supported by the Clean Air Act (USDA 
2012a). 

An amendment to the Clean Air Act in 1977 enabled Congress to set a national goal for visibility 
as “the prevention of any future, and the remedying of any existing, impairment of visibility in 
mandatory Class I Federal areas which impairment results from manmade air pollution” (Title 
42). This amendment set the foundation for the Regional Haze Rule in 1999. The rule calls for 
State, Tribal, and Federal agencies to work together to improve visibility in 156 national parks 
and wilderness areas, including the 21 Class I Wilderness areas managed by the U.S. Fish and 
Wildlife Service (Federal Register 1999). 

The State of Ohio is responsible for developing a state implantation plan to meet Clean Air Act 
requirements, conduct air quality monitoring, and maintain emission inventories. They also set 
forth regulations on open burning or prescribed burning within the State of Ohio under the Ohio 
Administrative Code. The national standard, as well as the Ohio standard, for particulate matter 
is shown in table 6. Because prescribed fire is a localized event and is short in duration, 
prescribed burning falls under the 24-hour standard. The 24-hour averaging standard for 
prescribed burning in Ohio is 35 micrograms per cubic meter of air (EPA 2018c). 

Table 6. Ohio particulate matter (PM) 2.5 standard emission level based on a 24-hour average. 
Measurement Indicator Variable Data needed to address Indicator Measure 

Particulate Matter  Averaging Time Level 

< 2.5 µm in diameter (PM2.5) 24 hours  35 ug/m3 (Micrograms per Cubic Meter of Air) 
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Particulate Matter 
Wildfire and prescribed fire emissions can impair human health and visibility (both in terms of 
safety on roadways and regional haze affecting scenic views). Emissions from wildland and 
prescribed fire include carbon dioxide, water, carbon monoxide, particulate matter, hydrocarbons 
or volatile organic compounds, and nitrogen oxides. The most important pollutant from wildland 
fire emissions is fine particulate matter (PM) 2.5 due to the amount emitted and the effects on 
human health and visibility (Hardy et al. 2001).  

Particulate matter is a mixture of extremely small particles made up of soil, dust, organic 
chemicals, metals, and sulfuric and nitric acids. The size of the particles is directly linked to 
health effects, with smaller particles causing the worst impacts to human health. The EPA breaks 
particulate matter into two size classes: 10 micrometers in diameter and 2.5 micrometers in 
diameter. Figure 18 demonstrates size comparisons for particulate matter particles. 

 
Figure 18. Size comparisons for particulate matter (Source: EPA) 

To review current conditions and trends, the Wayne National Forest used National Emissions 
Inventory data from 2008, 2011, and 2014 (EPA 2018c) to assess PM2.5 pollution emissions. 
Because air emissions are transported both locally and regionally, emission estimates within 124 
miles of the Wayne National Forest were analyzed. The data indicated that PM2.5 emissions 
have substantially declined since 2008 (table 7), during the same time period the Wayne National 
Forest increased prescribed burn treatment acres. 

Table 7. Emissions of particulate matter (PM) within 124 miles of the Wayne National Forest for the 
years 2008, 2011, and 2014. 

Pollutant 
Emissions 2008 

(tons/year)  
Emissions 2011 

(tons/year)  
Emissions 2014 

(tons/year)  
Percent (%) Change in 
Emissions (2008-2014) 

PM < 2.5 µm in 
diameter (PM 2.5)  339,249 270,621 295,801 -13% 
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Discussion 
Fire managers use a combination of fuel modeling, research, and on-the-ground experience to 
predict fire effects on vegetation and fuels. In addition to fuel type and arrangement, fire 
behavior is largely effected by the fuel’s moisture content and the availability for consumption. 
Surface fire spread and intensity is largely dictated by topography, with xeric landscape positions 
burning more intensely than mesic landscape conditions. Fuels in mesic forests typically have a 
higher extinction of moisture percent when compared to Dry Oak and Dry-Mesic Mixed Oak 
Hardwood Forest landtypes. Typically, mesic forest fuels do not support high rates of fire spread 
or intensity except during severe fire weather conditions.  

From 2008 to 2014, PM2.5 emissions declined by 13% within the airshed while Wayne National 
Forest prescribed burn treatment acres increased. This trend indicates that the increase in 
prescribed burned acres has not significantly contributed to NAAQS exceedances within 124 
miles of the Wayne National Forest. Additionally, the use of prescribed fire can reduce the 
likelihood of wildfire, which releases higher concentrations of particulate matter (Peterson et al. 
2018). Further information related to PM2.5 emissions sources and trends can be reviewed 
within the Air Quality Supplemental Report. While prescribed burns emit PM2.5 for a short 
duration during preferred atmospheric conditions, the intent of prescribed burning is to reduce 
fuel loading to lessen the potential for negative wildfire impacts during unplanned ignitions. 
Prior to prescribed burn ignition, the Wayne National Forest conducts public notification through 
various forms of media to inform communities.  

Promote Fire-Adapted Communities 

Risk Assessment 

Introduction 
While fires are considered a fundamental component to ecosystem disturbance regimes, 
unplanned or uncontrolled wildfires can result in significant impacts to social, economic, and 
ecological systems. If burned outside their natural range of variation and their magnitude 
intensifies, they can transition from being a natural disturbance process to an ecosystem stressor. 
Wildfires can also result in severe impacts to public safety, human development, and can affect 
social vulnerability.  

This supplemental report was completed for the Wayne National Forest to give valuable 
information to land managers to strategically and proactively manage wildfire and fuel reduction 
activities across the landscape while integrating natural resource goals. Assessment products will 
assist land managers in prioritizing land management activities and preventing negative effects 
of wildfires. Utilizing an active management approach to allocate resources will support the 
National Cohesive Strategy goals of restoring and maintaining fire-resilient landscapes, creating 
fire-adapted communities, and safely and effectively responding to wildfire. According to the 
Wildland Fire Leadership Council, “Sound risk management is a foundation for all fire 
management activities” (WFLC 2009). 
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Assessing the Risk 
Depending on the agency, the definition of “risk” is one that changes depending on factors and 
influences that make it uncertain whether and when they will achieve their objectives. “The 
effect this uncertainty has on an organization’s objectives is ‘risk’” (ISO 2009). For this 
supplemental report, “risk” is defined as the likelihood that a designated highly valued resource 
or asset (HVRA) will experience a wildfire event while considering the HVRA susceptibility. 
HVRAs can be human development, such as homes and human infrastructures, ecological or 
natural resource values such as rare ecosystems, watersheds, vegetation, terrestrial and aquatic 
species, and cultural resources. A “hazard” is defined as a physical situation with the potential to 
cause damage to a HVRA (Scott et al. 2013). Natural resource values will not be covered in 
detail within this supplemental report, but can be extrapolated from other assessment products 
for consideration of susceptibility. 

Methods 
Highly valued resource or assets (HRVAs) are prevalent over the 17-county study area. 
Wildland-urban interface is defined as the “line, area, or zone where structures and other human 
development meet or intermingle with undeveloped wildland or vegetation fuels” (WFLC 2009). 
Identifying all the HVRAs within the 17-county study area that could be threatened by a wildfire 
is not practical given the volume of HVRAs to consider. 

To conduct the HVRA analysis within the 17-county study area, the distribution of homes and 
populations located within the wildland-urban interface was used as a surrogate for the multitude 
of human development values at risk. To consider HVRAs within a degree of control or 
influence of Forest Service suppression resources, a combination of structures and human 
development within Wayne National Forest’s Fire Protection Area was further evaluated. The 
Wayne’s Fire Protection Area is comprised of federal, state, and private lands as defined by an 
annual operation plan agreement between the Forest Service and the State of Ohio. The Wayne’s 
Fire Protection Area is more-thoroughly discussed in the “Wildfire Response” section of this 
report. Additionally, urbanization trends were used to project future land use within the 17-
county study area. 

Inhabited Structures 
To conduct the wildland-urban interface analysis, housing based on census block boundaries 
were used in combination with 30 meter data from the National Land Cover Dataset to show 
both past and current trends in wildland-urban interface growth from 1990 to 2010 (Martinuzzi et 
al. 2015). The analysis utilized the definition of wildland-urban interface published in the Federal 
Registry (Federal Register 2001): “Intermix wildland-urban interface is where houses and 
wildland vegetation intermingle, with both a housing density of >1 house per 40 acres (6.17 
houses/km2) and >50% of the area in wildland vegetation. Interface wildland-urban interface 
represents settled areas that have <50% vegetation, but lie within 1.5 miles (2.4 km) of a densely 
vegetated area (at least 75% wildland vegetation) that is at least 5 km² in size (so that settlements 
near small urban parks are not included in the wildland-urban interface)” (Martinuzzi et al. 
2015). 
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Wildland-urban interface areas of the Wayne National Forest have increased significantly 
between 1990 and 2010 (table 8, and figure 19, figure 20, and figure 21). Intermixed wildland-
urban interface has increased by 45.81% while interface grew 9.03%. Urbanization trends 
indicated that housing units will continue developing within wildland-urban interface through 
2050. Urbanization growth will further increase land ownership fragmentation resulting in 
changes in land use (Drummond and Loveland 2010).  

From 1990 to 2010, the wildland-urban interface intermix population increased by 30.13% and 
interface populations increased by 2.42%. According to the 2010 population census data (table 
10), there are approximately 701,024 people living within the study area. 

Fragmentation and Human Development 
The Wayne National Forest is comprised of 244,265 acres of patchwork National Forest System 
land intermixed between state, local government, and private lands. Forest lands across the 17-
county study area are heavily dissected by roads, private property, and utilities. The number of 
forest land owners is increasing and the size of parcels is decreasing (Widmann et al. 2009). The 
Forest Service manages approximately 29% of the land within the 855,532 acre proclamation 
boundary area and borders approximately 1,992 miles of non-federal lands.  

Within the Wayne’s Fire Protection Area, there are approximately 80 cities and towns, 11,267 
producing oil wells, 51,199 known structures, and countless miles of roads, pipelines, trails, and 
other forms of human development. When all known human development is weighted in 
consideration of the wildland-urban interface as defined, National Forest System lands are 
considered to be a 100% wildland-urban interface (table 8, table 9, table 10, and table 11; figure 
22, figure 23, and figure 24). The majority of wildfire occurrences that the Wayne National 
Forest responds to involve wildland-urban interface. Furthermore, the majority of current and 
planned prescribed burn units involve wildland-urban interface attributes.  

Table 8. Wildland-urban interface (WUI) status and housing unit growth change from 1990 to 2010 
WUI Status 1990 2010 Change % Growth 

Non-WUI 73,212 74,985 1,773 2.42 

WUI 191,288 233,327 42,039 21.97 

Interface 123,969 135,169 11,200 9.03 

Intermix 67,319 98,158 30,839 45.81 
Source: Radeloff et al. 2017 
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Table 9. Projected urbanization trends 
Name 2020 2030 2040 2050 

Adams County 0.44% 0.52% 0.59% 0.67% 

Athens County 4.13% 5.61% 6.93% 9.05% 

Gallia County 1.35% 1.62% 1.89% 2.16% 

Hocking County  1.06% 1.33% 1.60% 1.87% 

Jackson County 1.78% 2.05% 2.59% 3.14% 
Lawrence County 6.05% 8.17% 10.32% 14.08% 

Meigs County 0.81% 0.89% 0.96% 1.04% 

Monroe County 0.32% 0.40% 0.47% 0.55% 

Morgan County 0.44% 0.52% 0.59% 0.67% 

Muskingum County 5.95% 7.27% 9.53% 12.83% 

Noble County 0.79% 0.86% 0.94% 1.01% 

Perry County 1.33% 1.60% 1.87% 2.14% 

Pike County 1.68% 1.95% 2.22% 2.76% 

Ross County 3.04% 4.12% 5.60% 6.92% 

Scioto County 4.16% 5.64% 6.96% 9.09% 

Washington County 3.43% 4.51% 6.00% 7.32% 
Source: USDA 2012b 

Table 10. Population growth trends by wildland-urban interface (WUI) status 
WUI Status 1990 2010 Change % Growth 

Non-WUI 193,777 177,439 16,338 -8.43 

WUI 464,591 523,585 58,994 12.69 

Interface 292,295 299,373 7,078 2.42 
Intermix 172,296 224,212 51,916 30.13 

Source: Radeloff et al. 2017.  
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Table 11. Wildland-urban interface within Wayne National Forest’s Fire Protection Area by feature type 
(DOI 2014; ODNR 2017; USDA 2018) 

Feature Type 
Vicinity Buffer 

in Miles 

Athens District 
Number of 

occurrence or 
miles 

Ironton District 
Number of 

occurrence or 
miles 

Total within 
FPA Number of 
occurrence or 

miles 
Cities and 

Towns 
All 1.5 59 21 80 

Structures Any 1.5 26,898 24,301 51,199 

Dams  1 112 69 181 

Bridges  1 772 530 1,302 

Utility Lines Power & Gas 1 278 224 502 
Roads Public Roads 1 2,148 1,114 3,262 

 FS Roads 1 146 180 326 

Railroads  1 37 13 50 

Oil & Gas Wells 
(WNF) 

Wells 1 1,269 3 1,272 

 Other Features 1 673 0 673 

Oil and Gas 
Wells (ODNR) 

All Producing 1 9,698 297 9,995 

Recreation 
Trails 

North Country 
Trail 

1 117 0 117 

 ORV 1 80 57 137 
 Hiking 1 63 39 102 

 Horse 1 44 46 90 

Recreation Sites Campgrounds 1 7 5 12 

 Trailheads 1 22 11 33 
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Figure 19. Wildland-urban interface housing change from 1990 to 2010 (Radeloff et al. 2017) 
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Figure 20. Wildland-urban interface housing as of 2010 (Radeloff et al. 2017)  
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Figure 21. Proportion of population within the wildland-urban interface (Radeloff et al. 2017) 
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Figure 22. Wayne National Forest, Athens Ranger District, Athens Unit, wildland-urban interface values at risk 
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Figure 23. Wayne National Forest, Athens Ranger District, Marietta Unit, wildland-urban interface values at risk 
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Figure 24. Wayne National Forest, Ironton Ranger District, wildland-urban interface values at risk
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Discussion  
According to housing census data used in combination with data from the National Land Cover 
Dataset, the wildland-urban interface areas of the 17-county study area have expanded rapidly 
from 1990 to 2010. Intermixed wildland-urban interface has increased by 45.81%, while 
interface grew 9.03% (Radeloff et al. 2017). Intermixed populations increased by 30.13% and 
interface populations increased by 2.42%. According to the 2010 population census data (table 
10), there are approximately 701,024 people living within the assessment area. Demographic 
trends in housing (table 8), projected urbanization increases (table 9), and population data (table 
10) indicate that the growth of wildland-urban interface will continue through 2050.  

Within the Wayne’s Fire Protection Area, there are approximately 80 cities and towns, 11,267 
producing oil wells, 51,199 known structures, and countless miles of roads, pipelines, trails, and 
other forms of human development. In accordance with the definition of wildland-urban 
interface (WFLC 2009), structures and other human development meet and intermingle with 
vegetative fuels at an occurrence rate of 100% within the Wayne National Forest’s Fire 
Protection Area. The growth in wildland-urban interface will likely bring additional fire 
suppression challenges into the future.  

Urbanization and population growth will strongly influence National Forest System land patterns 
and fragmentation resulting in changes in land use (Drummond and Loveland 2010). Continuing 
fragmentation and parcelization should be considered when considering stewardship activities 
for effective management (Shifley and Moser 2016). As climate conditions are reasonably 
expected to increase wildfire risk by the end of the century, the timing of activities (including 
prescribed fire, recreation, or timber removal) may need to be shifted with changing precipitation 
and temperature patterns (Butler et al. 2015). Responses to increased disturbance frequency may 
require a reassessment of emergency response plans, water resource infrastructure, and available 
resources. 
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Enhance Safe & Effective Wildfire Response 

Wildfire Suppression 

 
Figure 25. Wildfires burning in two different areas behind residential structures within the Wayne 
National Forest Fire Protection Area 

Wildfire Response 
The Wayne National Forest benefits from an extensive wildland fire response organization 
composed of Federal, State, and local fire departments. Each organization must coordinate, share 
resources, and support jurisdictional response areas to remain effective during fire response. 
When resource capabilities are exceeded due to wildfire complexity, frequency, or rate of spread, 
wildfires are likely to grow in size and further impact public safety, HVRAs, and social 
vulnerability. Federal, State, and local fire department capacity is generally adequate for 
controlling and extinguishing wildfire occurrences; however, suppression resources are readily 
exhausted during periods of escalating emergency calls involving surrounding communities and 
forested areas. 

To enhance wildfire preparedness, an annual operation plan agreement is in place between the 
Wayne National Forest and the Ohio Department of Nature Resources (ODNR). The plan 
outlines response coordination, organization, and jurisdictional responsibilities. Within the 
annual operation plan, the Wayne National Forest has agreed to provide wildfire response to 
Federal, State, and private lands within the Fire Protection Area. 

From the 2006 to 2017, the Fire Protection Area was 332,000 acres and did not include the 
Marietta Unit or several parcels of National Forest System lands. In 2017, the Fire Protection 
Area was extended to include the Marietta Unit as well as all parcels of the Wayne National 
Forest. Within the current Fire Protection Area, the Forest Service provides wildfire response to 
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approximately 741,978 acres. The Fire Protection Area expansion in 2017 equated to a 123% 
increase in Wayne’s Fire Protection Area. 

Through the annual operation plan, the Forest Service works closely with State employees and 
more than 48 local fire departments to provide protection from wildfires (figure 26, figure 27, 
and figure 28). The majority of the fire departments within the Fire Protection Area are volunteer 
fire departments. Volunteer fire departments are not provided with a steady funding source for 
wildfire response, though they can be paid a low fixed-rate for completing an ODNR wildfire 
report and have the ability to apply for grants. 

Given that local fire departments are tasked with all emergency response within their 
jurisdictions, their availability to respond to wildfires is heavily effected by competing 
emergencies and scarce resources. During times of high frequency emergencies, such as structure 
fires or car accidents, resources are quickly overwhelmed and responses must be prioritized. This 
in turn reduces resource availability and effectiveness for wildfire response. The Wayne National 
Forest staffs three fire engines and has “militia firefighters” (fire-qualified employees working 
within other disciplines of the Forest Service) available to respond. The Wayne National Forest 
has the ability to order off-national-forest wildland fire resources, but they are only effective for 
initial attack when pre-positioned in the local area. 

 
Figure 26. Fire Departments within Wayne National Forest, Athens Ranger District, Athens Unit, Fire 
Protection Area. 
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Figure 27. Fire Departments within Wayne National Forest, Athens Ranger District, Marietta Unit, Fire 
Protection Area. 



Draft Wildland Fire and Fuels Supplemental Report 

41 | P a g e  
 

 
Figure 28. Fire Departments within Wayne National Forest, Ironton Ranger District, Fire Protection 
Area. 

Cause 
Current and projected growth in the wildland-urban interface brings complex suppression 
challenges. The growth in wildland-urban interface often results in more wildfire ignitions, 
which puts more lives, houses, human infrastructures, and natural resources at risk. Although an 
increased number of road systems have increased the effectiveness of fire suppression by 
providing access (Scheller et al. 2008), wildland-urban interface expansion will initiate more 
human-caused wildfires. The expansion will lead to more widespread ignition and possibly more 
severe fire behavior. Human-caused wildfires account for 84% of the total wildfires started 
within the United States from 1992 to 2012 (Balch et al. 2017). From 2007 to 2017, human-
caused ignitions accounted for 99% of all wildfires within the Wayne’s Fire Protection Area 
(table 14). 

Occurrence  
According to the Fire Program Analysis Fire Occurrence Database, the study area had a total of 
2,661 wildfires from 1993 to 2015, an average of 121 new wildfires each year (Short 2015). Of 
the 17 counties in the study area, 34% of wildfires occurred in Lawrence County, Ohio (figure 
29). 
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According to the Fire Family Plus database, approximately 90% of wildfires were between 0.1 
and 9.9 acres, while 10% of wildfires were between 10 and 299 acres (table 12). The Wayne 
National Forest responded to a total of 616 wildfires from 2007 to 2017 within the FPA (table 
13). Of all wildfires that occurred, 99% of them were human-caused and 1% were lightning 
caused (table 14).  

 
Figure 29. Fire Program Analysis Fire-Occurrence Database, 17-county study area from 1993 to 2015. 
Source: Short 2015.  

Table 12. Fire size class, occurrence, and size class percentage from 2007 to 2017.  
Size Class Acres # of Fires Percentage 

A 0-.25 93 15.09 

B .26-9.9 461 74.84 

C 10-99.9 57 9.25 

D 100-299 5 0.81 
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Table 13. Number and acres burned per year from 2007 to 2017.  
Year Fires Acres 
2007 81 222 

2008 49 158 

2009 90 807 

2010 117 462 

2011 28 121.1 
2012 29 371.3 

2013 29 89.2 

2014 45 190.5 

2015 45 190.5 

2016 39 106.1 

2017 64 73.8 

Total 616 2,784.8 

Table 14. Cause of fires by class, 2007 to 2017.  
Cause Class Definition # of Fires 

1 Lightning 5 

2 Equipment Use 26 

3 Smoking 3 

4 Escaped Campfire 73 
5 Escaped Debris Burning 175 

6 Railroad 0 

7 Arson 66 

8 Children 7 

9 Miscellaneous (undetermined) 260 
 

Seasonality of Occurrence 
In 2017, the Forest Service’s Northern Research Station developed a predictive wildfire hazard 
model that projects the long-term likelihood of wildfire occurrence (Peters and Iverson 2017). 
The model considers the interaction of reported wildfires and the variables that change between 
the months. The model output took into account data such as forest cover, integrated soil 
moisture index, drought occurrences, wildland-urban interface data, and reported wildfire 
occurrences from 2000 to 2009.  

At the request of Wayne National Forest, the Northern Research Station updated the model using 
the methods of Peters and Iverson (2017) to reflect the probability of wildfire occurrence both 
within the Ohio and the 17-county study area (figure 30). To calculate monthly cumulative 
drought severity indices, the module used mean precipitation and temperature from 1981 to 2018 
to calibrate the Palmer Drought Severity Index values. Because the integrated soil moisture index 
indicates long-term soil moisture potential, this variable was not updated from the previous 
model. The percentage of forest cover was updated with LANDFIRE forest canopy cover version 
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1.4.0 to provide current conditions of forested lands to the model. The model then utilized 
records of reported wildfires >.25 acres from 1992 to 2018 and 2010 wildland-urban interface 
data based on census housing and population density. From 1992 to 2018, there were a total of 
2,433 wildfires greater than .25 acres within Ohio. Of that total, 1,788 (74%) of those wildfires 
were reported within the 17-county study area.  

Model outputs reflect long-term natural and anthropogenic wildfire hazards. The contributions of 
each variable are displayed in table 15. Of the variable contributions, wildland-urban interface 
contributed the highest to all months, except February. Because the majority of fires are human-
caused, the higher contributions of drought and soil moisture during the summer months can be 
expected given increased human activities.  

Table 15. Contribution of each variable among the monthly models for Ohio 
Month Drought IMI Forest Cover WUI Temperature 

Jan 4 10.3 10 46 29.8 

Feb 0.7 1 12.1 38 48.1 
Mar 0.1 0.4 10.2 89.3 - 

Apr 0.8 0.8 6.4 92 - 

May 5.9 4.1 10.9 79 - 

Jun 3.2 2.9 13.9 79.9 - 

Jul 9.4 30.6 15 45 - 

Aug 7.3 10 17 65.8 - 

Sep 1.9 9.4 22.9 65.7 - 

Oct 6.1 1.1 14.2 78.6 - 

Nov 1.3 0.3 10.9 87.6 - 

Dec 1.5 3.7 8.7 46.9 39.2 

Study results found that drought frequencies have less of an influence on the model than 
wildland-urban interface contributions. In addition to human development increases already 
discussed in the “Risk Assessment” section, human activities may increase as a result of climate 
change in the future. As climate change influences seasonal shifts in the weather, it is presumed 
that this will create shifts in recreational visits and demand (ODOT 2016). Though this modeling 
data is useful when considering monthly trends, fire managers must also consider current 
conditions in combination with monthly trends to adequately and proactively plan for wildfire 
risk.  
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Figure 30. The 17-county study area wildfire hazard probability map for 2018 
Note: The figure uses the modeling method discussed in the 2017 Northern Research Station product: Mean probability of wildfire 
hazard model from (Peters and Iverson 2017). 

As shown in table 16, wildfires have occurred in the Wayne National Forest during every month 
of the year. The majority of wildfires have occurred during the months of March, April, October, 
and November. This is a result of an increased availability of fuels for consumption during 
dormant season months when moisture and temperature increase the probability of wildfires. The 
majority of human ignition occur within the wildland-urban interface where human development 
and vegetation intermingle.  
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Table 16. Wayne National Forest fire occurrences by month 
Month Number of fires 

January 5 

February 28 

March 140 

April 142 

May 20 
June 16 

July 15 

August 7 

September 27 

October 81 

November 126 

December 9 
Source: Fire Family Plus database 

Prevention & Community Engagement 
Preventing human-caused ignition and the likelihood that a wildfire burning in vegetation will 
impact homes or human infrastructures is an effective way of preventing negative impacts to 
public safety and HVRAs. Public fire prevention programs are cost effective when compared to 
suppression and restoration costs. They provide the communities with education and guidance to 
prevent human-caused ignitions, either accidental or incendiary, and methods to reduce fire risks 
around homes. 

Communities can reduce negative wildfire impacts by coordinating their efforts to reduce fuel 
loading around their homes, educating homeowners, and establishing wildfire management plans 
(Radeloff et al. 2018). The Wayne National Forest and ODNR engage communities to get them 
to be involved in the planning and implementation process, as this offers a mutual benefit. An 
example of this collaborative approach across the landscape is utilizing community wildfire 
protection plans. 

The Wayne National Forest and ODNR promote community wildfire protection plans as a 
collaborative approach between agency fire managers and at-risk communities to mitigate risk 
across the landscape, while considering the vast extent of parceled ownership within the study 
area. Community wildfire protection plans promote the involvement of communities and 
homeowners in identifying risks within the WUI, reducing hazardous fuels, and sharing 
knowledge and resources. Strategic planning and the implementation of actions to mitigate 
wildfire risk at a landscape-level is an effective risk mitigation (USDA and DOI 2014). 
Community wildfire protection plans ensure that wildfire mitigation strategies consider the 
protection of communities, infrastructures, and values (USDA and DOI 2014). 

Discussion 
Based on Fire Family Plus data from 2007 to 2017, the Wayne National Forest responded to an 
average of 62 wildfires per year. The majority of ignitions across the Wayne National Forest’s 



Draft Wildland Fire and Fuels Supplemental Report 

47 | P a g e  
 

Fire Protection Area are human-caused and occur in every month within the calendar year, but 
primarily in the spring and fall. Current and projected wildland-urban interface growth will likely 
initiate more human-caused ignitions in the future. The result of the Wayne National Forest’s 
Fire Protection Area 123% increase in 2017 will significantly increase the number fires in which 
the Wayne National Forest responds. Response coordination with 48 fire departments and 12 
county emergency management agencies will require additional administrative oversight. During 
periods of high frequency fires or other emergencies, Wayne National Forest and local 
suppression resource availability declines rapidly, leading to potential fire growth and greater 
resource damage. 

Conclusion 
Land managers have a variety of factors to consider when assessing the role of fire on the 
landscape. Fire regimes in the Southern Unglaciated Allegheny Plateau developed through the 
interaction of recurring fire and ecosystem types leading to oak persistence over the last 10,000 
years. Since the early 1920s, fire suppression policies, in combination with past land uses, have 
disrupted historical fire regimes. Due to the lack of disturbances such as fire, vegetation 
departure trends indicate that there is an over-representation of closed-canopy succession classes 
within the 17-county study area.  

Within the Central Appalachian Forest Ecosystem, climate change is predicted to exacerbate 
wildfire frequency and severity into the future, with a mixed ecological response based on 
ecosystem type. The duration of fire season is expected to increase by several months, primarily 
due to warming and increased length of growing season. Fuel models will shift as vegetation 
structure and composition change.  

The wildland-urban interface has expanded rapidly across the 17-county study area. From 1990 
to 2010, intermixed wildland-urban interface has increased by 45.81%, while interface grew 
9.03%. Demographic trends in housing, projected urbanization increases, and population data 
indicate that the growth of wildland-urban interface will continue through 2050. The Wayne 
National Forest borders approximately 1,992 miles of lands of other ownership. Urbanization 
and population growth will strongly influence ownership and fragmentation of forested lands 
resulting in changes in land use. 

The forest plan can provide a framework to manage prescribed fire as a land management tool 
while providing adequate suppression response resources to prevent the adverse impacts of 
wildfires. Fragmentation and parcelization should be considered when planning stewardship 
activities for effective management. Hazardous fuel projects should be prioritized by treatment 
effectiveness and their ability to provide natural resource and public safety benefits.  

Utilizing adaptive management strategies will guide decisions on the use of prescribed fire and 
the prevention of adverse wildfire effects in future planning efforts. Ecological and human value 
vulnerability should be managed to promote resiliency while achieving land management 
objectives. The further integration and application of fire management strategies within the 
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Wayne National Forest forest plan will provide the foundation needed to meet the intent of the 
2012 planning rule and National Cohesive Wildland Fire Management Strategy.  
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