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Introduction

Widespread scientific consensus exists that protecting national forest roadless areas from road construction, logging, and other forms of development will result in significant gains for biodiversity and ecosystem conservation (Strittholt & DellaSala 1999, Henjum et al. 1994, Ercelawn 1999, Noss & Cooperider 1994). However, two frequently repeated assertions made by critics of roadless area protection are that: 1) restrictions on access and timber management will lead to increased frequency of large, high-intensity fires, and 2) widespread silvicultural treatments (e.g. thinning, partial cutting) in roadless areas can be effective and will be necessary to reduce fire hazard (Schlarbaum 1999, Hansen 1999, Bernton 1999). 

In this paper we summarize available scientific evidence on the relationship between fire, timber management and roadless areas. The information presented here is taken from scientific studies conducted on national forests in the western U.S., where the large majority of roadless areas are located and the controversy over fire and forest health issues has primarily focused. We also evaluate the ecological impacts of silvicultural treatments and prescribed fire for fire hazard reduction in roadless areas, and outline a basic strategy for identifying on a case-by-case basis where active management may be ecologically appropriate for reducing fuels and maintaining fire-dependent forest ecosystems.

Fire hazard and vegetation conditions in roadless areas vs. managed lands

An analysis of scientific literature on the relationship between fire and forest management reveals that forests in roadless areas are the least altered from historic conditions and present a lower fire hazard than forests in managed areas, because they have: 1) not been subject to timber management activities that often create increased fuel loads and reduce resilience to fire, 2) have been less influenced by the effects of fire suppression than previously managed lands, and 3) the lowest risk of human-caused ignitions. This section will summarize available literature for each of these factors.


Recent scientific assessments conducted on federal lands for the Interior Columbia River Basin (portions of OR, WA, ID, MT, WY and NV) and Sierra Nevada (CA) provide the most comprehensive analysis of fire, fuel and vegetation conditions in managed vs. unmanaged (e.g. roadless) areas. Both of these assessments found that fire hazard is significantly higher in managed portions of the national forests. The elevated likelihood of high-intensity fire in managed areas was associated with numerous factors, including increased fuel loads and creation of more fire-susceptible stands by timber harvest, higher probability of human-caused ignitions, and dominance of forests characterized by a frequent fire/low-intensity fire regime in managed landscapes. According to the Interior Columbia Basin Assessment,

“Fires in unroaded areas are not as severe as in roaded areas because of less surface fuel… Many of the fires in the unroaded areas produce a forest structure that is consistent with the fire regime, while the fires in the roaded areas commonly produce a forest structure that is not in sync with the fire regime. Fires in the roaded areas are more intense, due to drier conditions, wind zones on the foothill/valley interface, high surface-fuel loading, and dense stands”. (Hann et al. 1997)

Even within those particular forests types that have been most altered as a result of fire suppression (e.g. dry forests with frequent/low-intensity fire regime), managed areas on federal lands within the Interior Columbia Basin are more dense and carry higher fuel loads than roadless areas, and are at higher risk of tree mortality from fire, insects, disease and other disturbance agents (Hann et al. 1997).

Similar findings have been reported by other researchers for various portions of the inland west. In the Sierra Nevada, timber harvest was identified as the single most important factor responsible for an increase in potential fire severity (McKelvey et al. 1996, Weatherspoon 1996). In the Klamath Mountains of northwest California, Weatherspoon & Skinner (1995) found that partial-cut stands with fuels treatment burned more intensely and suffered higher levels of tree mortality than unmanaged areas. Fire and fuel models also suggest that mechanical treatments, including silvicultural thinning and biomass removal, alone are not likely to be effective at reducing fire severity in dense stands (van Wagtendonk 1996). 

In eastern Oregon and Washington, Lehmkuhl et al. (1995) and Huff et al. (1995) reported a positive correlation between fuel loadings, predicted flame lengths and logging. They attributed the increased fire hazard in managed areas to slash fuels generated as a by-product of tree removal activities (including thinning), and to the creation of dense, early-successional stands via logging that have a high fire potential. A post-fire study of the effectiveness of fuels treatments – including thinning – on previously non-harvested lands in the Wenatchee National Forest, Washington found that harvest treatments likely exacerbated fire damage (USDA 1995). Contrary to statements that have been made by critics of roadless area protection, the forests most in need of fuels treatment are not roadless areas but areas that have already been roaded and logged, “where significant investments have already been made”. (USDA/USDI 1997) 

Reduced effectiveness of fire suppression in roadless areas
In addition to the increased fire potential associated with past timber management, there is some evidence that fire suppression activities have generally been less effective in roadless areas than in roaded portions of the national forests (Hann et al. 1997, SNEP 1996). Reduced effectiveness of fire suppression in roadless areas may be attributable to limited access and steep terrain, which prevents the use of large, ground-based suppression strategies and also increases potential for more severe fire behavior (Schroeder & Buck 1970, Agee 1993, Pyne 1996, Fuller 1991). 

Fires in roadless areas – which tend to be more isolated from areas of human settlement than roaded lands – are often the lowest priority for suppression during years when fire fighting resources are in short supply. Infrequent years with numerous large fires, when suppression forces are prioritized to those fires in managed landscapes, are when the vast majority of national forest acreage is burned (Strauss et al. 1989). While data are limited, it is likely that findings from the Interior Columbia Basin assessment on this topic may apply to other portions of the country: 

“Fire suppression was generally more effective in the roaded areas. The combination of past harvest practices and more effective fire suppression moved the roaded landscapes much further from their unaltered biophysical templates, as measured by dominant species, structures, and patterns, relative to unroaded areas… In general, all forests which show the most change from their historical condition are those that have been roaded and harvested”. (Hann et al. 1997)

The forests that are most susceptible to moisture stress, insects, disease and high-intensity fire tend to be those at the lowest elevations, which typically border private, state, tribal or other land ownerships (Everett et al. 1994).

Another reason why fire suppression has had less influence in roadless than in managed areas is associated with differences in vegetation and fire regimes. The majority of national forest roadless areas, particularly those located on national forests of the inland west, are generally dominated by mid- to high elevations (Henjum et al. 1994, Beschta et al. 1995, Merrill et al. 1995) 1. Higher elevations are cooler, receive more moisture, have a short summer dry season, and are typically characterized by low frequency/high intensity fire regimes (Agee 1993, Baker 1989, van Wagner 1983). Roadless areas are therefore less likely to have current fire regimes that are significantly different from historic conditions (Beschta et al. 1995, Agee 1997).

When fires do get established in high-elevation forests, weather rather than fuels is often the primary variable determining fire severity and extent (Bessie & Johnson 1995, Agee 1997, Johnson & Wowchuck 1993, Turner et al. 1994, Flannigan & Harrington 1988). The efficacy of fire suppression decreases dramatically in forest types characterized by high-intensity fires and under severe fire weather (Agee 1998, SNEP 1996). Despite substantial investments of both financial and human resources, many fires are not successfully controlled or extinguished by fire fighting efforts; instead, they are extinguished when the weather changes (Romme & Despain 1989). 

Reduced probability of human-caused ignitions in roadless areas
Finally, roadless areas have lower potential for high-intensity fires than roaded areas because they are less prone to human-caused ignitions (DellaSala et al. 1995, Weatherspoon & Skinner 1996). Roads constructed for timber management and other activities provide unregulated motorized access to the majority of national forest lands, and are heavily used by the general public. In the western U.S., a large proportion of the more than 378,000 miles of national forest roads travel through heavily managed forests that, as described above, exhibit the greatest potential for high severity fire. More than 90 percent of all wildfires are now 

1 Exceptions to the positive correlation between roadlessness and higher elevations are known to exist in the eastern U.S. (where elevational gradients are limited) and the Klamath-Siskiyou ecoregion (where very steep slopes have limited road construction).

human-caused, which can be attributed to operation of motorized vehicles, logging equipment, smoking, arson, campfires, and debris burning (USDA 1996, 1998). Due to very limited human access, roadless areas are subject to much lower probabilities of human-caused ignitions.

Problems with the use of mechanical fuels reduction in roadless areas
Some land managers and forest scientists advocate the widespread use of silvicultural treatments (of which thinning is the most widely proposed harvest-based fuels reduction method) in western roadless areas to reduce fuel loads and tree stocking levels, and thereby decrease the probability of large, intense fires. Although thinning within the context of intensive forestry is not new, its efficacy as a tool for fire hazard reduction at the landscape scale is controversial, largely unsubstantiated, and fundamentally experimental in nature (Henjum et al. 1994, DellaSala et al. 1995, SNEP 1996, FEMAT 1993). 

There have been only a few empirical studies that have tested the relationship between thinning or fuels treatment and fire behavior on even a limited basis. In spite of hypothesized benefits, these studies, as well as anecdotal information and analysis of recent fires, suggest that thinning treatments have highly variable results. In some instances, as noted above, thinning treatments intended to reduce fire hazard appear to have the opposite effect (van Wagtendonk 1996, Weatherspoon 1996, Huff et al. 1995). Such treatments may reduce fuel loads, but they also allow more solar radiation and wind to reach the forest floor. The net effect is usually reduced fuel moisture and increased flammability (Agee 1997, Countryman 1955). 

Second, mechanical treatments fail to mimic the numerous ecological effects of fire, including effects associated with soil heating, nutrient cycling, and altering community structure (Chang 1996, Weatherspoon & Skinner, in press). “Although silvicultural treatments can mimic the effects of fire on structural patterns of woody vegetation, virtually no data exist on their ability to mimic the ecological functions of natural fire. Silvicultural treatments can create patterns of woody vegetation that appear similar to those that fire would create, but the consequences for nutrient cycling, hydrology, seed scarification, non-woody vegetation response, plant diversity, disease and insect infestation, and genetic diversity are almost unknown” (SNEP, 1996).  

Third, although our current understanding of the ecological effects of thinning is incomplete, available evidence indicates that these operations, even when carefully conducted, can result in numerous adverse environmental impacts, including:

( damage to soil integrity through increased erosion, compaction, and loss of litter 

   layer (Harvey et al. 1994, Meurisse & Geist 1994).

( increased mortality of residual trees due to pathogens and mechanical damage to 

   boles and roots (Hagle & Schmitz 1993, Filip 1994)

( creation of sediment that may eventually be delivered to streams (Beschta 1978, 

   Grant & Wolff 1991)

( increased levels of fine fuels and near-term fire hazard (Fahnestock 1968, 

   Weatherspoon 1996, Wilson & Dell 1971, Huff et al. 1995)

( dependence on roads, which result in numerous adverse effects (Henjum et al. 

   1994, Megahan et al. 1994)

( reduced habitat quality for sensitive species associated with cool, moist 

   microsites or closed canopy forests (FEMAT 1993, Thomas et al. 1993)

These downsides to mechanical treatments should be of particular concern in context of managing roadless areas, where ecological values are known to be especially high. Moreover, roadless areas are often located in steep, unstable terrain that is highly sensitive to human disturbance (Henjum et al. 1994, The Wilderness Society 1993). According to the Forest Ecosystem Management Assessment Team, most of existing roadless areas “are considered inoperable because timber harvest and road construction would result in irretrievable loss of soil productivity and other watershed values. These lands consist of erosion- and landslide-prone landforms such as inner gorges, unstable portions of slump earthflow deposits, deeply weathered and dissected weak rocks, and headwalls” (FEMAT 1993).

Similarly, the scientific assessment for the Interior Columbia Basin found that “There is a high risk to watershed capabilities from further road development in these [roadless] areas. In general, the effects of wildfires in these areas are much lower and do not result in the chronic sediment delivery hazards exhibited in areas that have been roaded. In contrast, the already roaded areas have high potential for restoration action” (USDA/USDI 1997). Given the potential for serious adverse impacts from thinning in roadless areas, many scientists have recommended that such treatments should be restricted to previously managed areas that have been most degraded as a result of fire suppression and past logging (Henjum et al. 1994, Perry 1995, DellaSala et al. 1995, Beschta et al. 1995, Hann et al. 1997, McKelvey et al. 1996, Franklin et al. 1997). 

Silviculture may have a role to play in a scientifically-based approach to fire management and forest restoration on federal lands, but not in roadless areas. Available evidence is unequivocal that allowing widespread mechanical treatments to be conducted in roadless areas has a greater probability of increasing ecosystem degradation than of decreasing it. Therefore, we conclude that experimentation with the use of mechanical treatments for fire hazard reduction should take place in roaded areas, particularly on lands immediately adjacent to private lands where the ecological risks associated with such efforts are lower and are most likely to reduce the threat of fire to human lives and private property.

The imperative for increasing use of prescribed fire

Given that there is no evidence that mechanical fuels treatments can replicate the ecological role of fire, and the known adverse environmental impacts associated with these treatments, the Forest Service should encourage the reintroduction of fire – through the use of prescribed management fire and prescribed natural fire – in roadless areas to reduce fire hazard and enhance a variety of ecosystem values. Restoration of ecological processes is key to promoting ecosystem integrity and preserving biological diversity (Samson & Knopf 1993). Use of prescribed fire has been successful in restoring wildland fire regimes to many fire-adapted ecosystems (Wright & Bailey 1982), and widespread consensus exists that additional burning is necessary (USDA/USDI 1995, Arno 1996, Mutch 1994, 1995, Walstad et al. 1990). 

Prescribed fire has numerous advantages over mechanical treatments in areas where ecological integrity and biodiversity conservation are important management objectives (Weatherspoon et al. 1992, SNEP 1996, Hann et al. 1997), and also appears to be the most effective treatment for reducing wildfire severity and rate of spread (van Wagtendonk 1996, Stephens 1998). In addition to reducing fuel loading and continuity, prescribed fire may decrease pest outbreaks, provide germination sites for shade-intolerant species, release nutrients, and create wildlife habitat (Walstad et al. 1990, Agee 1993, Chang 1996, Biswell 1999). 

Positive outcomes associated with prescribed fire are, of course, contingent on detailed site-specific planning, adequate budgetary support, and careful execution by trained personnel. In roadless areas with forests characterized by low-intensity/high frequency fire regimes, several repeated prescribed burns, spaced over a relatively short time period, may be required to sufficiently reduce fuels while ensuring that fire intensities remain within an acceptable range (Biswell 1999). After initial modification, treatment frequency can then be designed to reflect the pre-settlement disturbance frequency in these ecosystems. A comparison of the costs of various prescribed fire vs. mechanical treatments is beyond the scope of this paper, but data from the Sierra Nevada in California suggests that prescribed burning is likely to be considerably cheaper than both mechanical treatments and fire suppression (Husari & McKelvey 1996). Deeming (1990) summarizes the literature on the cost effectiveness of prescribed burning vs. other fuel treatments.

In addition to prescribed management fires, significant ecological benefits could be achieved by allowing some wildfires to burn in roadless areas under specific environmental conditions (e.g. prescribed natural fires). The Forest Service continues to immediately suppress all wildfires without considering the potential resource benefits of a ‘confine and contain’ strategy. However, new federal policies (USDA/USDI 1995) now permit wildfires to be ‘managed’ if they meet resource objectives. Less than full control strategies for fire suppression may be employed, provided the strategy chosen is projected to incur the least cost of suppression and least loss of resource values (McKelvey et al. 1996). Use of prescribed natural fire in roadless areas based on fire regime, expected fire behavior and other variables should be fully discussed and evaluated in the forthcoming environmental impact statement.

Identifying and prioritizing roadless areas for prescribed fire treatments

As summarized earlier in this paper, scientific assessments conducted for federal lands in several western regions generally agree that previously roaded and logged areas should be the highest priority for fuels reduction and forest health treatments (SNEP 1996, FEMAT 1993, Hann et al. 1997). Moreover, many national forest roadless areas, such as those in the eastern hardwood forests and Pacific coastal forests, are dominated by forest types where fire is characteristically either an infrequent or unimportant phenomena (Leenhouts 1998). We conclude that protection of roadless areas from mechanical fuels treatments is consistent with a scientifically sound approach to management of these lands.

Nevertheless, there are numerous roadless areas in various parts of the country that could legitimately benefit from proactive fire/fuels management using prescribed fire. What is needed are: 1) a standardized set of guidelines for identifying and prioritizing roadless areas based on their fire hazard and risk at the national or regional level, and 2) a subsequent step-down process for planning fire treatments at the local level that allow fire to play a much more important role while at the same time minimizing risks to ecological values. Development of a comprehensive set of criteria for prioritizing roadless areas for prescribed fire treatments is largely beyond the scope of this paper. However, the following list of roadless area attributes provides an initial starting point:

· majority of area covered by dry forest types that historically were characterized by low-intensity/high frequency fire regimes.

· high levels of horizontal and vertical continuity of fuels across large, contiguous areas (e.g. high stand densities and/or highly flammable fuel loads).

· long interval since last major fire (e.g. missed more than two-several natural fire cycles).

· topographic and elevational homogeneity (e.g. gentle terrain), where fire fighting efforts have more likely influenced fire behavior and also allow for relatively low-risk fire treatments.

· absence of significant natural barriers to the spread of fire (e.g rocky terrain, non-forested vegetation, waterways, etc.)

· close proximity to the wildland-rural interface, major population centers, transportation routes, residential developments and other infrastructure (where fire risk is high).

· absence or low density of threatened, endangered species or rare communities that are known to be adversely affected by fire or predicted vegetation changes resulting from fire treatments.

Once roadless areas have been identified that could potentially benefit from prescribed fire treatments at the national and regional scale, then site-specific burn plans can be developed for individual or complexes of roadless areas by integrating spatial information on fire hazard (fuel load, fuel continuity, topography), fire risk (ignition history, weather) and ecosystem values (old-growth forests, wildlife habitat, sensitive watersheds) (Crutzen & Goldhammer 1993, Bunting 1996, Johnson et al. 1997, Agee 1995, Weatherspoon & Skinner 1996). By employing this kind of tiered prioritization, limited resources will be directed to those areas most in need of fuels reduction. Over time, as fire is reintroduced into roadless areas where it is most appropriate – coupled with other fuel treatments in adjacent managed lands – the occurrence of large, intensity wildfire may be of less concern. 
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 Conclusion

which actually suggests that the opposite is true -- roadless areas generally present a lower fire risk than managed areas. In those rare cases where fire risk may be elevated and unacceptably high in roadless areas, mechanical treatments are unlikely to be the most ecologically appropriate or economic method for fire hazard reduction or forest restoration. Protection of roadless areas from logging and road construction will not preclude effective options for fuels reduction, where this may be found to be appropriate on a site-specific basis. 

is consistent with a scientifically-based approach to forest and fire management, and In this section we summarize evidence that: 1) roadless areas present lower fire risk than managed areas, 2) silvicultural treatments are generally inappropriate for reducing fuels in roadless areas, and 3) 

IV. Mechanical treatments are generally inappropriate in roadless areas because of much more severe environmental impacts to soils, water, wildlife, and other resources than in the managed landscape.

