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Comments on Recent Estimates of Greenhouse Gas Emissions from California Wildfires by Dr. Tom Bonnicksen

On March 12, 2008, the Forest Foundation, a nonprofit group based in California, published a paper entitled “Greenhouse gas emissions from four California wildfires: opportunities to prevent and reverse environmental and climate impacts”. The paper is by Thomas Bonnicksen, a retired forestry professor from Texas A&M University. This is the second of two papers by the same author that were funded by the Forest Foundation; the first one is a description of the Forest Carbon Emissions Model (FCEM) that was used to make the calculations.  Neither paper appears to have received external peer review.  The results and conclusions have been reported in several news outlets including the Sacramento Bee, Energy & Environment Daily (Climatewire), and the Washington Times. Although not a Forest Service publication, it was also reported in the Forest Service weekly Chief’s newsletter on March 14 in the “in the news” section.
This report analyzed four California wildfires – the Angora, Fountain, Moonlight, and Star Fires – that occurred between 1992 and 2007 in the central and northern Sierra Nevada.  The paper estimated that these fires will release a combined 38 million tons of greenhouse gases into the atmosphere (including decomposition of dead material) over the 100-year period following each fire. The Angora and Moonlight Fires burned a total of about 68,800 acres in 2007, the Star Fire burned 16,200 acres in 2001, and the Fountain Fire burned about 59,800 acres in 1992. Calculations include emissions from combustion as well as emissions from decay of all the trees killed by these fires. The report also evaluated several alternate management scenarios, which include some levels of salvage harvest or replanting (either of which partially “offsets” the fire emissions).
Summary of Comments by FS Research
Most estimates of wildfire emissions address only those directly resulting from combustion. At a landscape scale, a large part of wildfire emissions is offset by the uptake of CO2 by growing vegetation.  The net effect of wildfire CO2 emissions is expected to be small unless emissions increase over time (e.g., due to more severe or larger fires) or growth of vegetation postfire or in older stands decreases at a landscape to regional scale.  There are other effects of wildfires on emissions, including the release of other greenhouse gases (such as methane), postfire changes in soil respiration (which may decrease or increase CO2 emissions), effects of fire on methane release from soils, and effects of particulates from fires on atmospheric heating or cooling.  These may have either positive or negative effects on atmospheric “forcing” or temperatures. A number of these factors are not well understood, and they are not generally included in stand or landscape level calculations of fire emissions, although considerable research is underway to make this more feasible.

The emission estimates in this report are several times higher than those that were previously developed by the California Air Resources Board for the same fires (Mark Nechodom, personal communication). A large part of this difference is likely due to the inclusion of emissions from decomposition, without including uptake over the same period from growing vegetation, and without considering amount of decay that would naturally have occurred in the absence of fires.  Any long-term analysis such as this should really include uptake (growth) and decomposition processes not just on the area burned but for the larger landscape in which the burn occurs. 
The paper clearly is written to support a particular point of view with regards to forest management, which somewhat detracts from its value as an unbiased analysis of the potential impacts of management activities. Activities that are suggested for reducing fire-related emissions include removing dead wood from burned areas for use in products and replanting burned areas. However, the paper does not seem to give a full carbon accounting for the harvest, transport, production, and use of wood products, suggesting that the offsets from these activities may be overestimated.  It also appears to discount the contribution of naturally regrowing vegetation to carbon uptake. 
The model requires very few inputs, and appears to use generalized values for coarse vegetation types that can vary widely across the landscape; it does not seem to account for the wide range in emissions that can occur from fires of varying severity, but rather counts areas as either burned (dead trees) or not burned (live trees).  In many situations of lower severity fires, the dominant canopy trees survive; such areas would not have been included as burned in this analysis.  There is also an assumption that the target stand density should be something like 50-60 trees per acre (but no citation to support it). This is likely based on what might be expected for ponderosa pine on relatively dry sites that experience fairly frequent fire, but may not be at all the desired condition for other species or in more mesic environments. Forests are diverse environments with diverse structures and fire regimes.  This diversity seems poorly represented in both the assumptions of the paper and the inputs to the model.  

There are numerous other examples where the citation of references for data, methods, and assumptions is inadequate.  These papers do not meet the standard that would be expected from a typical peer-reviewed paper. 
The comparison of 100 years of emissions from a single burned stand to one year of automobile emissions is misleading at best.  Because fires occur in a landscape context, it would make more sense either to use the annual emissions for both, or even better to look at annualized net emissions over the entire landscape.  Any way you look at it, this comparison greatly inflates the net effect of wildfires.
Reviewers generally agreed that the model is of a structure that is useful for this type of calculation and that the inventory data and models that were included seemed to be the “best available” equations and parameter estimates, at least for aboveground stand biomass and for fuel loading.  A strength of the model is that it accounts for many of the essential fuel components (litter, duff, understory, fine vs. coarse fuels, etc.); however, data on a number of additional components of the fuelbeds are available if the (peer-reviewed) Fuel Characteristics Classification System (FCCS) is used.  Bonnicksen’s methods for estimating fuel consumption, however, appear weak.  He uses California Air Resources Board consumption values, which are likely to be overestimates.  And there is considerable lack of detail on both assumptions and data sources.  For example: was consumption estimated from prefire and postfire measurements? What were fuel moistures of the various fuels? What percentage of tree crowns was consumed?  There are published models and methodology for developing these estimates; we wonder why the author did not use either the First Order Fire Effects Model or Consume 3.0, which are applicable to the Sierra Nevada (and other areas).  The FCEM model appears to underestimate duff consumption and overestimate consumption of large surface fuels compared to these published fuel consumption models. Rates of consumption can vary widely with fuel moisture, which does not seem to be a factor in FCEM.  The emission factors (based on percent of material consumed in the fire) used in FCEM appear in general agreement with those in the literature for active combustion, but perhaps not for residual or smoldering combustion.  There is no information on how duff consumption is calculated or on the emission factors used for duff consumption. Nonetheless the percent duff consumption included in FCEM, for example on the Angora Fire, is substantially higher than that predicted by FOFEM for very dry conditions.  

Fuel loadings for various components developed through FCCS can be fed directly into Consume 3.0 along with data on fuel moisture, etc. to estimate consumption of different types of fuels.  We compared fuel loadings reported by Bonnicksen for the various fires with those generated through FCCS.  In general, the FCCS fuel loading estimates were 3 to 6 times higher than those used in the Bonnicksen report.  The Bonnicksen report does not provide any detail on how consumption was determined, or detailed estimates of consumption for different fuel types, making validation or comparison with other methods difficult.  The overall fuel consumptions estimated by Consume 3.0 for the four fires ranged from 40 to 53 tons/acre.  The calculated CO2 production for these fires using Consume 3.0 is generally higher than, although somewhat similar to, the estimates by Bonnicksen for CO2 and other greenhouse gases (see table); however, as the fuel loads are hugely different, and we have little information on estimated fuel consumption used by Bonnicksen, it is likely that these similarities are fortuitous—perhaps resulting from large overestimates of the percent of fuel consumed in Bonnicksen’s analysis.  This similarity in results can not be considered a validation of the FCEM methods.
Comparison of CO2 predicted by Consume 3.0 for each fire using FCCS fuelbeds and estimated emissions for each fire in the Bonnicksen report.  The Bonnicksen data include CO2, Methane (CH4) and Nitrous Oxide (NO2).  Separate CO2 data are not given.
	Wildfire
	FCCS Calculated CO2 production

(t/a)
	Manuscript reported CO2 and other GHG production

(t/a)

	Angora
	63
	46.2

	Fountain
	60
	53.4

	Star
	89
	76.7

	Moonlight
	71
	74.7


In addition, emission factors for CH4 in the Bonnicksen paper appear low, and elimination of CO from the analysis of greenhouse gases in the model makes little sense, as most of this CO is rapidly converted to CO2.  In any event, the added impact of fully incorporating the effects of these two gases in the model would only add about 10 percent to the estimate of greenhouse warming potential.
The next section of the paper discusses the amount of CO2 expected to be released by decay of material killed in the fire over a 100-year period, and then compares this to a single year of automobile emissions in California.  As mentioned earlier, it would make more sense to prorate all the emissions to an annual average over a hundred-year period before doing this comparison.  The current approach exaggerates the perceived impact of these fires on emissions.  In addition, there is no accounting at this point for either the uptake of carbon as forests regrow or the decomposition that would have occurred anyway in the absence of fire.  

The final section of the paper addresses management alternatives and the ways in which they can provide offsets for the carbon that is lost in a fire.  This section makes an important point in general—that over a period of time use of dead materials in wood products or as fuel and forest regeneration (natural or through planting) can store carbon and balance out fire emissions. The management scenarios selected show some obvious biases, and there does not appear to be any attempt to do full carbon accounting (e.g., for transportation fuels, use of energy or loss of wood in processing) for the utilization scenarios.  In addition, although assumptions are only minimally described, some are obviously questionable, such as the assumptions that unplanted burned forests will be converted to brushfields.
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Summary prepared by Susan G. Conard, National Program Leader for Fire Ecology Research, US Forest Service, Washington Office.  E-mail: sconard@fs.fed.us; office: 703-605-5255.

This represents a synthesis of comments provided by Dr. Conard and several other Forest Service research staff, including:  Josh Trapani, Policy Analysis, Washington Office (WO); Greg Reams, FIA Program Leader, WO; Richard Birdsey, Northern Research Station; Roger Ottmar, Pacific Northwest Research Station; Mark Nechodom, Pacific Southwest Research Station; and Shawn Urbanski, Rocky Mountain Research Station.
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