12/21/09

To:
IFWG

From:
Chad Hanson, Ph.D.

Re:
Draft Workplans, Tasks 1-3

Dear IFWG Members, 

I enjoyed the opportunity to speak with you at the November, 18, 2009 meeting in Sacramento regarding the Draft Workplans.  While I was at the podium making some comments, a number of you asked me questions, asked me to provide suggestions for amended language in the Workplans, and also asked me to provide, for your reference, written comments on the points that I made during our discussions.  I am writing this memo to satisfy that request.  Below I discuss, in greater detail, some of the key points that I made at the November 18, 2009 IFWG meeting.  In short, many of the foundational assumptions upon which the Draft Workplans are apparently based are directly contradicted by published, peer-reviewed science.  These incorrect assumptions are so much a part of the fabric of the Draft Workplans (particularly for Task #3, Biomass), however, that I do not believe it would be useful for me to suggest minor amendments at this point to the current Draft Workplans.  Having said that, the agenda for the November 18, 2009 IFWG meeting mentioned a “possible symposium”, at least with regard to Objective #3 (Biomass).  I suggest that such a symposium be arranged for the late winter, or early spring, of 2010, and I recommend that this symposium pertain to all four Objectives (Inventory, Regulatory Review, Biomass, and Landowner Incentives), as the same erroneous assumptions appear to underlie all of the Objectives thus far.  I further suggest that the current Draft Workplans be withdrawn until after this symposium, so that new Workplans can be written based upon a proper scientific vetting of these important issues.  While a symposium was held in the Fall of 2009 on Objective #1 (Inventory), I believe IFWG would greatly benefit from the input of a number of independent, non-agency scientists with expertise in forest/fire/climate issues, but whom were not invited to give presentations at the Inventory symposium. 

Below is a summary, followed by a more detailed synopsis of some of the core invalid assumptions and some analysis to explain why these assumptions are faulty:

EXECUTIVE SUMMARY OF FINDINGS

Invalid Assumption #1: Increased Logging Will Increase Carbon Stocking; Wildland Fire Hinders Carbon Stocking.
Reality: Logging Reduces Carbon Stocks, and Wildland Fire Enhances Them.

Invalid Assumption #2:  Patches of High-Intensity Fire Are Unnatural and “Threaten” Forest Ecosystems.

Reality:  Patches of High-Intensity Fire Were An Integral Part of Historic, Natural Fire Patterns, and High-Intensity Fire Areas Support Peak Levels of Native Biodiversity, and Many Wildlife Species Depend Upon High-Intensity Fire Areas.

Invalid Assumption #3:  Current Forests Are “Overstocked”, Creating Too Much Competition Between Trees, Resulting in High Tree Mortality Levels.

Reality:  Due to Past Logging, Our Forests Are Far From Their Maximum Biomass Density, and There is a Deficit of Large Dead Trees.  

Invalid Assumption #4:  Thinning Mature Trees Reduces Potential Fire Intensity.

Reality:  Thinning Mature Trees is Completely Unnecessary to Reduce Potential Fire Intensity, and Removal of Mature Trees Can Increase Fire Intensity.

Invalid Assumption #5:  The Climate is Getting Hotter and Drier, Leading to Increasingly More Intense Wildland Fires in California’s Forests.  

Reality:  While Snowpacks May Decrease, Spring and Summer Precipitation is, and Has Been, Steadily Increasing, and Forest Fires Have Not Been Getting More Intense.

MORE DETAILED ANALYSIS

Invalid Assumption #1: Increased Logging Will Increase Carbon Stocking; Wildland Fire Hinders Carbon Stocking.
Reality: Logging Reduces Carbon Stocks, and Wildland Fire Enhances Them.

Response to Unpublished Forest Service Modeling Report by Goines and Nechodom (2009)

The unpublished, and non-peer-reviewed, Forest Service carbon inventory modeling exercise by Bruce Goines and Mark Nechodom (Goines and Nechodom 2009, http://www.fs.fed.us/r5/climate/carboninventoryassessment/assessment.pdf) asserts that increased intensity of logging for timber and/or biomass on national forests in California would result in greater carbon inventories, relative to current logging levels, by the latter part of the 21st century.  This report is not based upon empirical data, is contradicted by the existing published scientific literature, and does not meet the minimum standards associated with peer-reviewed science.  Because this report was designed to inform the AB32 process, and because it makes many of the same erroneous assumptions found in IFWG’s Draft Workplans, I will begin my comments by addressing the Goines and Nechodom (2009) modeling exercise.  As with any modeling, it all comes down to the assumptions used.  


    
First, in Appendix A of the report, the authors state that, in order to support their conclusion that, without increased logging, national forests will become net carbon sources within about 50 years under current management, they assumed that "there is a direct relation between the amount of biomass/fuels being accumulated and the extent and severity of wildfire." (p. 51).  This is an unsupportable assumption, given that the empirical data (i.e., not modeling) indicates that: a) dense, mature/old-growth forest does not burn at higher intensities than younger forest and, in fact, old forest tends to burn at lower intensities; b) forests that have not burned in decades (i.e., those that have missed several fire return intervals) do not burn at higher intensities and, if anything, tend to burn at lower intensities; and c) low and moderate intensity effects strongly predominate wildland fires (see, e.g., Odion et al. 2004, Odion and Hanson 2006, Odion and Hanson 2008, Hanson et al. 2009, Odion et al. 2009, Hanson et al. 2010 in press in Conservation Biology).


    
Second, in Appendix A of the report, the authors state that they assumed that natural disturbance would increase 30-40% over the next 40-50 years, based upon personal communications with some silviculturalists (p. 51), not upon scientific data.  There are fundamental problems with this assumption.  Precipitation, especially summer precipitation, is on an increasing trend (WRCC 2009, Mote 2003, Girardin et al. 2009), and summer precipitation, which has a dampening effect on fire, is emerging as a potentially more powerful predictor of fire than temperature (Parisien and Moritz 2009, Girardin et al. 2009). Current published, peer-reviewed modeling indicates highly variable patterns in the future, with forests in California generally seeing fire decreases, not increases, while the low deserts and the high deserts (e.g., just east of the northern Sierra Nevada) generally are predicted to see increases (McKenzie et al. 2004, Krawchuk et al. 2009 [Fig. 3]).  Perhaps most importantly, though, more fire does not mean less biomass.  In fact, the published evidence indicates the opposite.  Fire, especially high-intensity fire, results in substantial nutrient cycling, which enhances productivity, which in turn enhances carbon sequestration potential (see, e.g., Brown and Swetman 1994, Mutch and Swetman 1995, Wardle et al. 2004).  In a recent study, Keith et al.
(2009) found that the highest biomass levels were in areas with an active history of high-intensity fire, due to the additive effect of the regenerating post-fire stand and the pre-fire biomass stored in snags and downed logs (much of which gets assimilated into the
regenerating stand).  The research by Keith et al. (2009) was conducted in temperate fire-adapted forests of Australia, but the authors noted that the results are applicable to other temperate
fire-adapted forests, including those of the western U.S.  Further, the current data does not indicate that fire intensity is increasing in recent decades (Schwind 2008, Hanson et al. 2009, Collins et al. 2009).  One study reported an increase in fire intensity in the Sierra Nevada (Miller et al. 2009a), but the authors only used 60% of the available fire data and they used current GIS vegetation layers to exclude shrubs (which results in significantly greater exclusion of
high-intensity fire in conifer forest in the earlier years of the data set, creating the false appearance of an upward fire intensity trend).  Dennis Odion and I have now analyzed the entire data set for the Sierra Nevada, and there is no upward fire intensity trend (Hanson and Odion 2010, in review).


    
Third, the Forest Service modeling exercise assumes (p. 54) that 23% of the total national forest acres burned in any given year or decade will result in a "deforested condition"--i.e., they assume that high-intensity fire patches result in a deforested condition.  Again, the report chooses to completely ignore the readily-available empirical data, which indicates vigorous and abundant natural conifer regeneration in high-intensity patches within conifer forests where no salvage logging or artificial replanting has occurred (see, e.g., Donato et al. 2006, Hanson 2007b, Shatford et al. 2007).

Fourth, the report (p. 54) assumes that, in the Forest Service’s 7-class fire mortality system, the highest three categories represent a “deforested condition”.  However, the highest three categories have RdNBR
 ranges of 462-567, 568-649, and >650, respectively (Miller and Safford 2008 [App. A, p. 58]).  The actual forest plot data upon which the RdNBR system is based (i.e., the plots used by the Forest Service to determine the mortality levels associated with a given RdNBR value) show that, at an RdNBR value of 574, mortality of the mature trees (over 50 cm diameter), which store the vast majority of the carbon, is only 41%, and even at RdNBR = 800 mortality of mature trees is only about 60% (Hanson et al. 2010 in press in Conservation Biology).  The lower threshold of what the Forest Service defines as “deforested” (RdNBR = 462) equates to only about 20% mortality of mature trees.  Moreover, only a very small fraction of the carbon in a forest stand is actually consumed even in a high-severity fire patch (Mitchell et al. 2009), and the fire-killed trees continue to store large amounts of carbon, and aid the new post-fire growth (Keith et al. 2009).  Also of serious concern is the fact that, based upon the modeling in the Goines and Nechodom (2009) report (p. 14), it appears that they assumed that there would be little if any retention of the carbon once trees were killed by fire or other natural factors, though they do not state what their assumptions were on this centrally-important issue.  The report only stated that it assumes areas experiencing moderate- or high-severity fire to be “deforested”—a term normally used for clearcuts, where nearly all above-ground carbon is removed from the system. 


    
Fifth, the report assumes that increasing logging will result in increased carbon sequestration.  Once again, the available data is not incorporated, which indicates that thinning results in a net reduction in carbon storage (Mitchell et al. 2009), and carbon storage has increased the most in areas where logging has been reduced the most, and vice-versa, including where wildland fire is factored into the calculations (Turner et al. 2007).  The highest carbon storage levels are achieved by the complete cessation of logging on national forests (Depro et al. 2008).


    
Sixth, the report assumes that intensively thinned areas will have reduced fire intensity if and when they burn.  Again, the evidence does not agree with this assumption in most cases, as the mechanically-thinned areas (commercial thin) tend to burn at higher intensities (Hanson and Odion 2006, Platt et al. 2006).  See analysis below regarding empirical data pertaining to effects of thinning.

Seventh, even though the Forest Service’s own Forest Vegetation Simulator (FVS) model projected a progressive increase in carbon storage over the next century (and beyond) under current management (i.e., without increased logging), the Goines and Nechodom (2009) report throws out the FVS outputs and assumes without basis that this outcome will not occur and that these forests will become net carbon sources by the middle of the 21st century (report, p. 23).  No empirical data is cited to support this assumption.  Moreover, empirical data from hundreds of forest plots shows that western U.S. conifer forests continue to sequester carbon (more carbon stored than emitted) until at least 600 years of age (Luyssaert et al. 2008).  

Eighth, the report (p. 14, Fig. 1) appears to assume that lumber products derived from the increased logging will function as long-term carbon storage.  In fact, the Forest Service’s own data shows that lumber is a very poor source of carbon storage, with an average half-life of less than 40 years (Smith et al. 2005).  Moreover, only a portion of the trees felled during logging ends up as lumber (Smith et al. 2005), while much of the carbon is burned in piles of slash debris, which can cause localized extreme soil heating due to the long residence time of slash pile burning.  This can adversely affect soil productivity and, ultimately, carbon storage potential.


    
These are just a few of the most important problems with this report.  I believe that other significant errors and problems exist with the Forest Service report and would be pleased to discuss these in greater detail with you.  The Forest Service is in the business of commercial logging on National Forests, and derives much of its revenue for its budget from timber sales.  The agency, therefore, as an objective fact, has a financial interest in promoting increased logging.  We must be very cautious in evaluating unpublished reports by the Forest Service that promote increased logging, but which lack sufficient empirical data or a thorough treatment of existing science.  This is especially true when such a report makes demonstrably erroneous, unsupportable, and unscientific assumptions that are directly contradicted by an abundance of readily-available peer-reviewed and published scientific research.     

Response to Hurteau and North (2009)

IFWG members, and key IFWG participants, have mentioned Hurteau and North (2009) on numerous occasions, so I will address that modeling exercise as well.  As with the Goines and Nechodom (2009) report, Hurteau and North (2009) is a modeling exercise that is not based upon empirical data.  The conclusions of the authors that thinning can enhance carbon storage are based upon several clearly invalid assumptions.


First, Hurteau and North (2009) note that they “calculated the starting amount of C in live and dead woody matter immediately after mechanical treatment”.  In other words, they excluded carbon (C) losses resulting from the logging itself—significant losses that equated to 25-35% of pre-logging carbon stocks (Hurteau and North 2009 [Fig. 1]).  


Second, Hurteau and North (2009) inexplicably assumed high/extreme fire weather and about 50% biomass mortality (which would equate to considerably higher mortality percentages in terms of basal area or number of trees) in the unthinned control treatment, despite the fact that the published scientific literature makes clear that most of the cumulative forested area that has burned in recent years has been low- and moderate-intensity fire associated with much lower mortality levels (Odion and Hanson 2006, Miller and Thode 2007, Odion and Hanson 2008).  


Third, Hurteau and North (2009) assume that essentially no mortality would occur in the thinned stands, even 50 years after thinning, with no brush maintenance or prescribed fire during that 50-year post-thinning period (Hurteau and North 2009 [Fig. 1]).  Hurteau and North (2009) provide no explanation for this completely unsupportable assumption.  Agee and Skinner (2005) report that, if we make the assumption that thinning will reduce fire severity, such an effect lasts less than a decade, not 50 years.  Also, as discussed above, mechanical thinning (which involves removal of some mature, fire-resistant trees), as envisioned by Hurteau and North (2009), often tends to increase, not decrease, fire intensity (Hanson and Odion 2006, Platt et al. 2006).  Thinning operations that cut only very small sub-canopy trees less than 10 inches in diameter tend to reduce fire intensity (Omi and Martinson 2002, Martinson and Omi 2003, Strom and Fule 2007).  


Fourth, in their Discussion section, Hurteau and North (2009) report that the thinning treatments were effective in storing carbon, but fail to discuss the fact that, even based upon their invalid assumptions favoring the thinning treatments, the no-thinning (fire only) treatments actually stored the highest average carbon levels over the 100-year analysis period, and the burn-only treatment had the peak level of carbon storage at the end of the 21st century as well (Hurteau and North 2009 [Fig. 1]).  

Invalid Assumption #2:  Patches of High-Intensity Fire Are Unnatural and “Threaten” Forest Ecosystems.

Reality:  Patches of High-Intensity Fire Were An Integral Part of Historic, Natural Fire Patterns, and High-Intensity Fire Areas Support Peak Levels of Native Biodiversity.

Snag Forest Habitat

“Snag forest habitat,” resulting from high-intensity fire patches (generally, stands with 75-80% or greater tree mortality from fire, exclusive of seedlings and saplings) that have not been salvage logged, is one of the most ecologically-important and biodiverse forest habitat types in western U.S. conifer forests (Lindenmayer and Franklin 2002, Noss et al. 2006, Hutto 2008).  Noss et al. (2006) observed the following in reference to high severity fire patches: “Overall species diversity, measured as the number of species—at least of higher plants and vertebrates—is often highest following a natural stand-replacement disturbance…”  Snag forest habitat is comprised of abundant standing fire-killed trees (“snags”) of all sizes, especially larger trees, as well as patches of montane chaparral (dominated by flowering shrubs whose germination is facilitated by fire), dense pockets of natural conifer regeneration, large downed logs, numerous “fire-following” wildflowers, and widely-spaced large surviving trees.  At the landscape level, high-intensity fire habitat (when it is left unlogged) is among the most underrepresented, and rarest, of forest habitat types.  Noss et al. (2006) observed that “early-successional forests (naturally disturbed areas with a full array of legacies, ie not subject to post-fire logging) and forests experiencing natural regeneration (ie not seeded or replanted), are among the most scarce habitat conditions in many regions.”  The scarcity of this important natural habitat type is the result of fire suppression and post-fire logging.

Dr. Richard Hutto, one of the nation’s top ornithologists, recently concluded the following, based upon the emerging scientific evidence: “Besides the growing body of evidence that large, infrequent events are ecologically significant and not out of the range of natural variation (Foster et al. 1998, Turner & Dale 1998), an evolutionary perspective also yields some insight into the ‘naturalness’ of severely burned forests…The dramatic positive response of so many plant and animal species to severe fire and the absence of such responses to low-severity fire in conifer forests throughout the U.S. West argue strongly against the idea that severe fire is unnatural.  The biological uniqueness associated with severe fires could emerge only from a long evolutionary history between a severe-fire environment and the organisms that have become relatively restricted in distribution to such fires.  The retention of those unique qualities associated with severely burned forest should, therefore, be of highest importance in management circles” (Hutto 2006).


There is strong consensus among ecologists that high-intensity fire, and resulting snag forest habitat, is something that must be preserved and facilitated, not prevented or destroyed.  Lindenmayer et al. (2004) noted the following with regard to wildland fire: “…natural disturbances are key ecosystem processes rather than ecological disasters that require human repair.  Recent ecological paradigms emphasize the dynamic, nonequilibrial nature of ecological systems in which disturbance is a normal feature…and how natural disturbance regimes and the maintenance of biodiversity and productivity are interrelated…” Smucker et al. (2005) concluded: “Because different bird species responded postively to different fire severities, our results suggest a need to manage public lands for the maintenance of all kinds of fires, not just the low-severity, understory burns…”  Kotliar et al. (2007) observed that the results of their study “demonstrated that many species tolerate or capitalize on the ecological changes resulting from severe fires…”, and concluded that: “Fire management that includes a broad range of natural variability (Allen et al. 2002), including areas of severe fire, is more likely to preserve a broad range of ecological functions than restoration objectives based on narrowly defined historic fire regimes (Schoennagel et al. 2004).”  

Older, mature forests that burn at high-intensity are particularly important, since cavity-nesting species tend to select larger snags for nesting and denning.  Hutto (1995) concluded that, because “the most suitable nest trees for cavity excavation are snags that are themselves old-growth elements, one might even suggest that many of the fire-dependent, cavity-nesting birds depend not only on forests that burn, but on older forests that burn.”  In burned forests, woodpeckers preferentially select larger snags for foraging (Hutto 1995, Hanson 2007, Hanson and North 2008).  Scientists have recently recommended that forest managers should ensure the maintenance of moderate- and high-intensity fire patches to maintain populations of numerous native bird species associated with fire (Hutto 1995, Hutto 2006, Kotliar et al. 2002, Noss et al. 2006, Smucker et al. 2005, Hanson and North 2008, Hutto 2008).     

     
Fire-induced heterogeneity, including a mix of low-, moderate-, and high-intensity patches, leads to higher post-fire understory plant species richness compared to homogeneous low-severity fire effects (Chang 1996, Rocca 2004).  Mixed-intensity fire, meaning a heterogeneous mix of high-, moderate-, and low-intensity effects, facilitates reproduction of numerous native herbaceous and shrub species (Chang 1996, Rocca 2004), the germination of many of which is triggered by fire-induced heat, charcoal, or smoke (Biswell 1974, Chang 1996).  These flowering plants, in turn, increase biodiversity of flying insects, such as bees and butterflies.  In addition, fire-caused conifer mortality attracts bark beetles and wood-boring beetles, some species of which have evolved infrared receptors capable of detecting burned forests from over 161 km away (Altman and Sallabanks 2000, Hutto 1995).  Other insect species are attracted by the smoke from fires (Smith 2000).  

As a result, bird species richness and diversity increases in heavily burned patches, which generally occur within a mix of low- and moderate-intensity effects.  Woodpeckers feed upon bark beetle and wood-boring beetle larvae in snags and excavate nest cavities in snags; Mountain Bluebirds and other secondary cavity-nesting species use nest holes created the previous year by woodpeckers; granivores such as the Red Crossbill feed upon seed release from cones following fire; shrub-dwelling species like the Blue Grouse nest and forage within shrub growth scattered throughout high-intensity patches; while aerial insectivores (animals that feed upon flying insects) such as the imperiled Olive-sided Flycatcher prey upon the native bark beetles that are abundant in snag patches (Altman and Sallabanks 2000, Hutto 1995).  Likewise, mammalian species, such as the Sierra Nevada Snowshoe Hare, which is listed as a Forest Service Sensitive Species (USFS 2001), depend upon post-fire shrub habitat following intense fire (Smith 2000, USDA 2001).  Populations of small mammals experience overall increases shortly after high-intensity fire, and amphibians are positively associated with the large woody material that gradually accumulates in the decades following such fire effects (Smith 2000).  As well, ungulates, such as deer and elk, forage upon post-fire flora, and large predators frequently seek their prey in burned patches (Smith 2000).  Studies have detected higher overall bird species richness in intensely burned versus unburned forest in the western United States (Bock and Lynch 1970, Hutto 1995, Raphael and White 1984, Siegel and Wilkerson 2005).  In one snag forest area resulting from the Manter Fire of 2000 in the southern Sierra Nevada, a total of 111 bird species were observed (Siegel and Wilkerson 2005).   

Black-backed Woodpeckers, for example, are strongly associated with large, unlogged high-intensity patches in areas that were mature/old-growth, closed-canopy forest prior to the fire (which ensures many large snags) (Hutto 1995, Saab et al. 2002, Saab et al. 2004, Russell et al. 2007, Hanson and North 2008, Hutto 2008, Vierling et al. 2008).  Pre-fire thinning that reduces the density of mature trees can render habitat unsuitable for Black-backeds even if the area later experiences high-intensity fire, due to a reduction in the potential density of large snags caused by the earlier thinning (Hutto 2008).  After approximatley 5-6 years, when their bark beetle food source begins to decline and nest predators begin to recolonize the burn area, Black-backed Woodpeckers decline sharply and must begin to find a new large, unlogged high-intensity patch in mature forest to maintain their populations (Hutto 1995, Saab et al. 2004).  For these reasons, this species depends upon a continuously replenished supply of high-intensity burn areas (Hutto 1995).  

Recent scientific evidence regarding spotted owls in northwestern California and in Oregon found that stable or positive trends in survival and reproduction depended upon significant patches (generally between one-third and two-thirds of the core area) of habitat consistent with high-intensity post-fire effects (e.g., native shrub patches, snags, and large downed logs) in their territories because this habitat is suitable for a key owl prey species, the Dusky-footed Woodrat (Franklin et al. 2000, Olson et al. 2004).  This habitat is not mimicked by logging, which removes snags and prevents recruitment of large downed logs, and which seeks to reduce or eliminate shrub cover.  Logging can reduce owl survival and reproduction by preventing occurrence of natural post-fire habitat heterogeneity in the spotted owl territories.  

In a study conducted several years post-fire, Clark (2007) found that Northern spotted owls in southwestern Oregon were adversely affected by salvage logging following fire, but his results show the opposite for unlogged moderately and intensely burned patches within the owls’ territories.  Specifically, he found that, in an area in which the spotted owl territories had been partially or predominantly salvage logged, occupancy decreased.  For owls that had not been extirpated by salvage logging, the fire itself did not reduce productivity.  Using radio-telemetry, Clark (2007) found that spotted owls used nesting, roosting, and foraging habitat (dense, old forest) that had burned at low-, moderate-, and high-intensity more frequently than would be expected based upon availability of these habitat strata on the landscape so long as these areas had not been salvage logged.  The owls used salvage logged areas less frequently than expected based upon availability (and the few detections within salvage logged units were, on closer inspection by the author, generally found to be in unlogged retention areas within the logging units, such as stream buffers).  Interestingly, over four years of study in three fire areas, only one Barred owl was found within burned forests, while many were found just outside the fire perimeter (Clark 2007).  Barred owls prey upon Spotted owls and are considered to be a significant threat (Clark 2007).  In addition, recent radio-telemetry research in the Sierra Nevada has found that, in post-fire forest (nearly all of which was unmanaged), California spotted owls selected low-intensity areas for roosting and selected high-intensity areas for foraging (Bond et al. 2009).  One might think of dense, old forest as the owl’s bedroom, and high-intensity fire patches as its kitchen.  Recent scientific evidence indicates that there is far less high-intensity fire in Northern Spotted Owl habitat than was previously assumed (Hanson et al. 2009).  We do not yet fully know the potential adverse consequences of the ongoing fire deficit for Spotted Owls.  
Historic Fire Patterns

Fire extent in general remains heavily suppressed in western U.S. forests such that historic annual extent of burning was several times greater than the annual extent of burning under current conditions (Medler 2006, Stephens et al. 2007).  Western U.S. conifer forests remain in a serious “fire deficit” (Medler 2006).  Even high-intensity effects are in deficit currently, relative to the extent of high-intensity fire prior to fire suppression and logging.  

High-intensity fire was previously assumed to have been rare and of limited extent in most western U.S. conifer forests, largely because fire-scar studies documented frequent fire occurrence in most historic conifer forests, and it was assumed that frequent fire would have kept surface fuel levels low, preventing high-intensity fire.  The problem, however, is that fire-scar records cannot detect occurrence of past high-intensity effects where most trees were killed (Baker and Ehle 2001).  

Historic data and recent reconstructions of historic fire regimes indicate that high-intensity fire was common in most conifer forests of western North America prior to fire suppression and logging, even in pine-dominated forests with frequent fire regimes.  For example, a recent reconstruction of historic fire occurrence in a 1,587 ha (unmanaged) research natural area near Lassen Volcanic National Park found mid-elevation slopes to be dominated by moderate-intensity fire, mixed with some low- and high-intensity effects, while upper-elevation slopes were dominated by high-intensity fire (Beatty and Taylor 2001).  Other research has found steep declines in montane chaparral within mixed conifer forest ecosystems in the Lake Tahoe Basin of the central and northern Sierra Nevada due to a decrease in high-intensity fire occurrence since the 19th century (Nagel and Taylor 2005).

In the late 19th century, John B. Leiberg and his team of United States Geological Survey researchers spent several years mapping forest conditions, including fire intensity in the central and northern Sierra Nevada.  Leiberg recorded all fires over 80 acres (32 ha) in size occurring in the previous 100 years (Leiberg 1902).  Using modern GIS vegetation and physiographic information, Hanson (2007a) compared fire locations to forest type and site conditions to examine patterns of high-intensity fire events, excluding areas that had been logged in the 19th century in order to eliminate the potentially confounding effect of logging slash debris (branches and twigs left behind by loggers).  Hanson (2007a) used areas that Leiberg had mapped as having experienced 75-100% timber volume mortality.  

Hanson (2007a) found that high-intensity fire was not rare in historic Sierra Nevada forests, as some have assumed.  Over the course of the 19th century, within Leiberg’s study area, encompassing the northern Sierra Nevada, approximately one-fourth to one-third of middle and upper elevation forests burned at high-intensity (75-100% mortality) (Hanson 2007a).  This equates to fire rotation intervals for high-intensity fire of roughly 400 to 300 years (i.e., for a fire rotation interval of 300 years, a given area would tend to burn at high severity once every 300 years on average).  Available evidence indicates that current rates of high-intensity fire are considerably lower than this overall (Hanson 2007a).  For example, the Final EIS for the 2004 Sierra Nevada Forest Plan Amendment indicates that, on average, there are about 15,000 acres of high-intensity fire occurring per year in Sierra Nevada forests (entire Sierra Nevada included) (USDA 2004).  Given the size of the forested area in the Sierra Nevada, about 13 million acres (Franklin and Fites-Kaufman 1996), this equates to a high-intensity fire rotation interval of more than 800 years in current forests (longer rotation intervals correspond to less high-intensity fire). 

Nor were pre-fire-suppression high-intensity patches all small, as has often been assumed.  In fact, in unlogged areas mapped by Leiberg (1902), some aggregate patches of high-intensity effects were 20,000 to 30,000 acres in size, or larger (Leiberg 1902, Hanson 2007a (Fig. 3.1)), greater than any current high-intensity patches.   

The findings of Hanson (2007a) are consistent with those of Beaty and Taylor (2001), whose reconstruction of historic fire regimes in unmanaged forests just north of the Storrie fire area found that, despite relatively frequent low-intensity fire occurrence, moderate- and high-intensity fire were common historically in these forests.  Specifically, Beatty and Taylor (2001) found that approximately 15% of montane forests 1370-1770 m in elevation burned at high intensity over a 43-year period from 1883 to 1926 (Beatty and Taylor 2001).  This equates to a high-intensity rotation interval of about 300 years.  High-intensity rotation intervals of several hundred years in length, and much more frequent lower-intensity fire, indicates forests in which individual fires would, on average, tend to burn predominantly at low- and moderate-intensity, but would have the potential to burn at high-intensity under certain weather and fuel loading conditions.  A high-intensity fire rotation of about 300 years was also found in the mixed-conifer and Jeffrey pine forests of the Sierra San Pedro de Martir in Baja California—forests that have never been subjected to fire suppresssion and have not been logged (Minnich et al. 2000). 

Historic U.S. Geological Survey data gathered by Leiberg (1900b) provides further evidence of an active role for high-intensity fire prior to fire suppression.  Leiberg (1900b) gathered comprehensive data on high-intensity fire occurrence for the period 1855-1900 in the Oregon Klamath region, presenting data on high-intensity (75-100% timber volume mortality) acres and acres logged for each township.  Excluding the townships with any evidence of logging (in order to eliminate any confounding effects of logging), there were 12,700 acres of high-intensity fire in 72,580 acres of unmanaged forest over a 45-year period prior to fire suppression (Leiberg 1900b).  This equates to a high-intensity rotation of 257 years.  The high-intensity rotation within the Eastern Oregon Cascades physiographic province (Moeur et al. 2005) prior to fire suppression and logging was 165 years overall, and was 322 years for forests with more than 85% ponderosa pine (Leiberg 1900b), indicating far more high-intensity fire than is occurring currently (469-year high-intensity rotation in mature forests) (Hanson et al. 2009).  

Taylor and Skinner (1998), in a reconstruction of historic fire occurrence in a 3,878-acre study area in the Klamath Mountains of California, found that 14% of the area burned at high intensity 1850-1950, though they defined high-intensity very narrowly as areas in which fewer than 4 trees per acre survived the fire.  Moderate-intensity effects occurred on 27% of the area, where moderate intensity was defined as only 4-8 surviving trees per acre (Taylor and Skinner 1998), which would be categorized as high-intensity in current fire intensity assessments.  If all areas in which there were 8 or fewer surviving trees per acre are included in a calculation of a high-intensity rotation, the high-intensity rotation would be approximately 244 years.  Their study area was just south of the Oregon/California border at elevations ranging from about 2,100 to 5,200 feet in elevation within Douglas-fir, Douglas-fir/pine, and mixed-conifer forests (Taylor and Skinner 1998).  Wills and Stuart (1994) reconstructed fire history in three representative study sites in the Klamath National Forest of California, using fire-scar and tree age class data.  They found that the historic, pre-fire suppression interval between high-intensity fire events was approximately 170 to 200 years in the first study site, about 100 years in the second study site, and was intermediate between these two in the third study site.  Their study area was in forests dominated by Douglas-fir, sugar pine and tanoak at approximately 3,000 feet in elevation on slopes averaging 56% within the Salmon River Ranger District (Wills and Stuart 1994).  The estimate of the current high-intensity rotation in mature California Klamath forests, using satellite imagery data for 1984-2005, is 1,351 years (Hanson et al. 2009).  

Overall, the data indicate that there was about 2-4 times more high-intensity fire historically in western U.S. conifer forests than there is currently.  This fire deficit translates to serious deficits in ecologically-vital snag forest habitat, and this is greatly exacerbated by the fact that much of the snag forest habitat that is created by fire is lost to post-fire “salvage” logging.

Invalid Assumption #3:  Current Forests Are “Overstocked”, Creating Too Much Competition Between Trees, Resulting in High Tree Mortality Levels.

Reality:  Due to Past Logging, Our Forests Are Far From Their Maximum Biomass Density, and There is a Deficit of Large Dead Trees.  

Contrary to the common assumption that our forests are “overstocked,” leading to high densities of dead trees, in reality our forests are dangerously deficient in large dead trees upon which myriad wildlife species depend.  Due in large part to the combined effects of fire suppression and post-fire logging, large snags (dead trees) are currently in severe deficit, contrary to popular belief.  For example, recent U.S. Forest Service Forest Inventory and Analysis (FIA) data, using 3,542 fixed plots throughout California, shows that there are less than 2 large snags per acre in all forested areas (Christensen et al. 2008).  The Sierra Nevada Forest Plan Amendment recommends having at least 3-6 large snags per acre to provide minimum habitat for the needs of the many wildlife species that depend upon large snags for nesting and foraging (USDA 2001, 2004).  Some species need even higher densities of large snags, such as the California Spotted Owl, which prefers to have at least 20 square feet per acre of basal area in large snags (about 6-8 large snags per acre) to maintain habitat for its small mammal prey (Verner et al. 1992).  Other species require much higher densities of large snags, such as the Hairy Woodpecker and Black-backed Woodpecker (Hanson 2007a, Hanson and North 2008).  

A study published recently in Science (van Mantgem et al. 2009) found increasing tree mortality in old-growth forest plots, speculating that it is a result of climate change, as opposed to fire suppression.  However, the study did not find higher mortality rates in the large, old trees within those plots.  Morever, the study was based on only 76 plots across the western United States (van Mantgem et al. 2009).  Two recent U.S. Forest Service Forest Inventory and Analysis (FIA) reports (one for CA and one for OR), each of which used thousands of plots, found that current large snag densities are harmfully low (generally only 1-3 per acre, and less than 1 per acre in eastern Oregon), and management activities should be undertaken to increase large snag densities to prevent harm to wildlife populations (Christensen et al. 2008, Donnegan et al. 2008). 


Given the overall deficit of large snags, and the serious adverse consequences of this for myriad wildlife species, natural events that create additional snags should be welcomed, not viewed as a problem to be avoided.

Invalid Assumption #4:  Thinning Mature Trees Reduces Potential Fire Intensity.

Reality:  Thinning Mature Trees is Completely Unnecessary to Reduce Potential Fire Intensity, and Removal of Mature Trees Can Increase Fire Intensity.

The scientific evidence clearly indicates that, where it is important to reduce potential fire intensity (e.g., immediately adjacent to homes) this can be very effectively accomplished by thinning some brush and very small trees up to 8 to 10 inches in diameter (Omi and Martinson 2002, Martinson and Omi 2003, Strom and Fule 2007).  This holds true regardless of forest density (Martinson and Omi 2003); so even in very dense, old forests there is no need to remove trees larger than 10 inches in diameter if there is a need to reduce potential fire intensity in a given location.  Removal of mature trees is completely unnecessary.  

Moreover, most “thinning” projects allow removal of many of the larger trees in order to make the projects economically attractive to logging companies, and to generate revenue for the public land management agencies, such as the U.S. Forest Service.  Where this is done near homes, it can increase the danger of structures burning.  The removal of larger, mature trees in thinning operations tends to increase, not decrease, fire intensity by: a) removing large, fire-resistant trees; b) creating many tons of logging “slash” debris—highly combustible branches and twigs from felled trees; c) reducing the cooling shade of the forest canopy, creating hotter, drier conditions on the forest floor; d) accelerating the growth of combustible brush by reducing the mature trees that create the forest canopy, thereby increasing sun exposure; and e) increasing mid-flame windspeeds (winds created by fire) by removing some of the mature trees and reducing the buffering effect they have on the winds associated with fires (Hanson and Odion 2006, Platt et al. 2006).  

Further, even if we assume for the sake of argument that thinning will reduce potential fire intensity, Rhodes and Baker (2008) found that, due to post-thinning vegetation regrowth, as well as the extremely low rate of occurrence of high-intensity fire currently, an area would have to be mechanically thinned every 20 years for about 720 years to have a mere 50% chance of encountering high-intensity fire and reducing its intensity.  Not only would the adverse impacts of such repeated thinning on soils, watersheds, and wildlife be profound, but such constant thinning would permanently suppress carbon storage levels.

Invalid Assumption #5:  The Climate is Getting Hotter and Drier, Leading to Increasingly More Intense Wildland Fires in California’s Forests.  

Reality:  While Snowpacks May Decrease, Spring and Summer Precipitation is, and Has Been, Steadily Increasing, and Forest Fires Have Not Been Getting More Intense.

First, contrary to popular misconceptions, current wildland fires in California’s forests are heavily dominated by low and moderate-intensity effects, where most or all mature trees survive the fires (Odion and Hanson 2006, 2008; Schwind 2008; Collins et al. 2009).  


Second, California’s forests remain in a severe fire deficit, due to continued fire suppression, and the average annual area of forest affected by fire prior to suppression policies was several times greater than it is now (Medler 2006, Stephens et al. 2007).  


Third, and also contrary to popular myth, the existing scientific data overwhelmingly indicates that fires are not becoming more intense in California’s forests (Collins et al. 2009, Hanson et al. 2009, Hanson et al. 2010 (in press in Conservation Biology)), or in all California vegetation combined, including forests (Schwind 2008 [multi-decadal study by the U.S. Geological Survey and U.S. Forest Service’s Research branch]).  As discussed above, only one study has indicated an increasing trend in fire intensity in the Sierra Nevada, but that study (Miller et al. 2009a) only used 60% of the available fire data and used a method that excluded relatively more forest affected by high-intensity fire in the earlier years of the data set than in the latter years, creating the false appearance of an upward trend in fire intensity.  When this methodological flaw was corrected, and when all of the available fire data was used over the same time period, there was no upward trend in fire intensity in the Sierra Nevada since 1984 (Hanson and Odion 2010, in review).  


Fourth, contrary to the frequently-repeated fallacy that the climate is getting hotter and drier in California’s forests, the actual data over the past several decades shows unequivocally that spring and summer precipitation throughout California, and throughout the border-area around the California/Oregon border, has been steadily and substantially increasing (Mote 2003, WRCC 2009).  Spring and summer precipitation and humidity are generally the most powerful indicators of wildland fire in forests, often more than temperature (Parisien and Moritz 2009).  So, even as temperature rises, and snowpack levels decline, wildland fires in California’s forests are predicted to decrease, not increase, in the future, due not only to increased spring/summer precipitation but also to reductions in combustible vegetation over time (McKenzie et al. 2004, Krawchuk et al. 2009 [Fig. 3]).  Moreover, even if some areas do become drier, contrary to the general trend, hotter/drier conditions also do not necessarily lead to increased wildland fire in forests because, once again, such trends are accompanied by reductions in combustible vegetation (see, e.g., Gavin et al. 2007 [Fig. 6], Parisien and Moritz 2009).  By the same token, cooler/wetter trends can lead to less fire, but will not necessarily do so (Gavin et al. 2007 [Fig. 6]).  

I look forward to speaking more with IFWG members in the future.  Please do not hesitate to contact me if you have any questions.  

Sincerely,

Chad Hanson, Ph.D.

cthanson1@gmail.com

530-273-9290
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