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[1] Fellows and Goulden [2008, hereafter F-G] have
recently claimed that fire-suppression, independent of log-
ging, has brought about a decrease in live, aboveground tree
carbon via increased mortality of large trees in western U.S.
forests over a 60 year span. However the study, restricted
for unspecified reasons to part of California, has several
problems that I believe collectively invalidate their principal
conclusion. I detail these here in increasing order of
perceived importance.

[2] Beginning with the interpretation of the literature, the
suppression-induced carbon sink rates of 2.3 Mg/ha/yr
contested by F-G [from Houghton et al., 1999], apply only
to the highly fire-prone western ponderosa pine woodlands,
as stated by Houghton et al. [1999, Table 2]. Houghton et al.
[1999] were also clear that their estimate was [Houghton et
al., 1999, p. 575] “an upper limit for the sink strength of U.S.
ecosystems.” Ponderosa pine forests occur generally at low
to mid elevations, but F-G analyzed data only from California
wilderness areas, which on the whole occupy the higher
elevations and contain large areas of other forest types, such
as true fir forests and subalpine woodlands [Barbour and
Minnich, 2000]. A significant fraction of their plots were
from above 1830 m (6000 ft), or even 2438 m (8000 ft),
beyond the primary range of ponderosa pine forests in
California. The effects of fire suppression in western US
forests are well known to vary strongly with environment and
forest type [e.g., Agee, 1993].

[3] Both the 1930s (Vegetation Type Mapping Project
(VIM)) and 1990s (Forest Inventory Analysis (FIA)) data
reportedly used by F-G are potentially problematic, based on
specific knowledge of their purposes and methods, and the
claims made by F-G [Bouldin, 1999; Keeley, 2004; Waddell
and Hiserote, 2005] (see also United States Forest Service,
Forest Inventory and Analysis National Program, data and
tools, http://fia.fs.fed.us/tools-data/default.asp, 2009, PNW-FIA
data, http://www.fs.fed.us/pnw/fia/publications/data/index.
shtml#1a, 2009, and Pacific Southwest Region, Remote Sensing
Laboratory Vegetation Inventory Data, http://www.fs.fed.us/
r5/rsl/projects/inventory/designs.shtml, 2009 and VTM, http://
vtm.berkeley.edu/, 2009). Regarding the FIA data, F-G
indicate in their Table 1 that they use 140 wilderness FIA
plots sampled between 1990 and 1994 in northern California
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and/or the Sierra Nevada. The only FIA plots installed in
wilderness areas in that region and at that time were in the
Sierra Nevada and far northwestern California. Since almost
no VTM plots were collected in the latter for the necessary
comparisons, this implies that all 140 FIA plots must have
been located in eastern northern California (ENC: Sierra-
Nevada, Cascades and Modoc Plateau), but this exceeds the
number (~106) actually collected there. Of these, 87 (83%)
were located on the Inyo National Forest, an area dominated
by cold and/or dry alpine/subalpine or woodland ecosystems
above 2438 m (8000 ft) elevation. Conversely, most VIM
plots in ENC were established on the much more productive
west side of the Sierra Nevada (VTM, http://vtm.berkeley.
edu/, 2009). It would not be at all surprising to find an
apparent decrease in carbon if this was in fact the comparison
made. If, on the other hand, the authors only used that
minority of VIM plots from the colder Inyo NF high
elevations, one could well question how this represents the
effect of fire reduction on carbon accrual in California forests
as a whole, much less the entire western United States.

[4] There is also a definitional issue relating to the plot
selection criterion. The authors implicitly defined forested areas
as those having a minimum of 1 tree per plot (~12 trees/ha
for the 0.08 ha VIM plots). Given that much of the California
landscape was responding to fire reduction policies over the
20th century [Skinner and Chang, 1996], including upper
montane forests where the evidence of catastrophic fires in the
19th century is strong [e.g., Leiberg, 1902, pp. 37,41, 106, and
117], the area meeting this criterion may well have increased
over time. This would affect both the area of the landscape
sampled, and the demographic character of the plots included
in the sample, changes which must be accounted for in region-
wide estimates of forest carbon dynamics.

[s] Relevant empirical studies bearing on the topic are
scarce, as it is not trivial to separate out fire suppression
effects from confounding factors such as logging, climate
change and other human impacts. However, the available
studies do not support F-G’s conclusion. Although climate
change [e.g., Pierce et al., 2008] is indeed likely causing
increased tree mortality in old growth forests in the western
United States in recent decades [van Mantgem et al., 2009]
this does not mean that fire reduction over the last 100 to
150 years has not had a much greater, opposing carbon
impact. For example, Leiberg [1902], in a thorough early
survey, noting the strong effect of fire on tree demography
throughout the northern Sierra Nevada, stated [Leiberg,
1902, p. 85] “...this region does not contain more than
35 percent of the timber it is capable of carrying, and the
deficiency is wholly due to forest fires...”, and Gruell
[2001] has provided long-term photographic evidence of
both forest expansion and increased density and canopy
cover in many locations in the Sierra since the 19th century.
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North et al. [2007] report an increase in timber volume in
the southern Sierra despite a probable drop in large tree
density since 1865, while Ansley and Battles [1998] have
documented a 15 percent increase in forest basal area (the
total cross sectional area of tree stems) over the latter 20th
century in an unlogged northern Sierra Nevada forest. Else-
where, Tilman et al. [2000] report a ca. 3.1 Mg C ha™' yr™!
increase in aboveground tree carbon over 31 years in an
experimentally manipulated oak savanna in Minnesota,
although these changes will likely have less relevance than
studies in California old growth. For comparison, I estimate
an increase of ca.1.25 Mg C ha~! yr! over 93 years in
ponderosa pine and mixed conifer forests of Yosemite
National Park [Bouldin, 2008a], about 40 percent of Tilman
et al.’s annual rate, but the Yosemite starting biomass was
four to five times higher.

[6] Perhaps most importantly, the possibility that the
1930s VTM data were a biased sample of forest conditions
at the time must be carefully evaluated. (The FIA data
are less problematic in this regard because they are
collected under a statistically rigorous sampling design that
minimizes bias). The authors state that the VTM data
constituted a “forest inventory” this statement is incorrect.
Rather, the VTM plot data were collected as part of a state-
wide vegetation mapping project (VIM, http://vtm.berke-
ley.edu/, 2009), to help characterize mapped units for their
community composition, not to estimate timber volume or
biomass. This is apparent from the fact that the largest VIM
diameter class is open ended, which would never be the case
if timber volume estimates were the goal. It is thus entirely
possible that VTM plots were biased with respect to forest
structural conditions, given their location in montane, fire-
influenced environments, where vegetation structure often
varies radically over short distances. If the goal of the VIM
effort was to characterize late successional, or “potential”’,
natural vegetation (as it likely was, see below), then such
bias is almost guaranteed.

[7] Both published data, and recent analyses of unpub-
lished data strongly suggest that VIM plot are in fact
highly biased. For example, Weeks et al. [1942] provide
demographic summaries of 555 0.08 ha plots in old
growth forests in the northern Sierra Nevada. Sampling at
the same time as the VTM project, these plots were gridded
0.4 km apart along parallel lines 3.2 km apart, making them
minimally biased with respect to vegetation conditions
within the 645 km? area they comprise. Comparison of
these data with VTM data from the same VTM data in the
same area (the Bidwell Bar and northern half of the Down-
ieville 30 minute quadrangles, n = 452), shows large
differences in size class distributions. Densities of large
(>60 cm dbh) VTM trees are 2.6 times those of Weeks et
al.’s values (treeless VIM plots excluded as per F-G).
Including the differences in smaller trees gives an estimated
VTM live tree aboveground carbon bias factor of 2.09. This
is a conservative value since not all VTM plots in this non-
wilderness location are assured of having been uncut at the
time, as they would be in F-G’s sample.

[8] These results are supported by comparisons of a set of
91 VTM plots with a co-located sample of 670 large timber
inventory plots (mean sampling date, 1922), in two largely
to entirely uncut ponderosa pine and mixed conifer land-
scapes of the Sierra Nevada (J. Bouldin, unpublished data,
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2008). Each plot was 40 m by 400 m (1.6 ha) representing a
10 percent sample spanning a 16 ha parcel, and spanning it,
either through the middle or at the 1/3 and 2/3 distance
points along a side. Results show that mean large tree
densities in VTM plots were 2.8 times the timber inventory
plot means, and small trees were also over-estimated,
leading to an aboveground tree carbon bias factor of 2.7.
Applying these two bias estimates to F-G’s reported results
(F-G, Table 1; northern California and Sierra Nevada area),
live tree carbon would more likely have ranged from 51 to
66 MgC/ha in the 1930s, compared to their reported value
of 138. The corresponding carbon increases over the
~60 years would range from 34 to 49 MgC/ha, rather than
their reported decrease of 38 MgC/ha, a change equal or
greater magnitude, but opposite in sign.

[o] These evaluations support statements to me in 1997
by one of the VIM field workers (the now deceased Daniel
Axelrod, UC Davis Professor Emeritus of Botany), that the
sampling locations were subjectively chosen to represent
mature forest conditions, not to produce unbiased estimates
of landscape scale forest structures. The authors, and others
who have used the data, are not faulted for not knowing of
this bias, since the data of Weeks et al. [1942], though
published, are somewhat obscure. Nevertheless, these
results indicate that VTM data cannot be considered an
unbiased estimate of forest structure and carbon in the
1930s, directly answering Keeley’s [2004] rhetorical ques-
tion, at least for such variables.

[10] Finally, even if the large tree declines reported by F-G
were correct, a full aboveground carbon accounting must
make some attempt to estimate detrital carbon, especially in
snags and down logs, which can be substantial where trees
reach such large sizes. Since the proposed mechanism for the
carbon decline is the death of large trees in response to
increasing competitive stress, this stress—and the conse-
quent mortality—should increase with time, and be further
compounded by recent climatic changes [e.g., Pierce et al.,
2008; van Mantgem et al., 2009]. Consequently, there should
be many large snags and down logs in early stages of
decomposition that need to be accounted for, not to mention
forest floor debris, shrub biomass, etc. The authors’ con-
tention that much of their estimated live tree carbon decline
has already decomposed is not supported by either empirical
data or reasonable expectation.

[11] The analysis of historical forest data sets has many
potential pitfalls [Bourdo, 1956; Bouldin, 2008b], because
the data are often not well suited for the purposes for which
they are later used. I believe that is the case here. The suite of
available evidence indicates that the data used by Fellows and
Goulden is inappropriate to the task they have set, and that
fire reduction has very likely increased, not decreased, live
tree carbon in fire prone forests. Catastrophic fires may turn
these forests into atmospheric carbon sources in the future,
but to date, fire suppression has helped slow the rate of
atmospheric carbon dioxide increase over the last 150 years.

[12] Acknowledgments. I thank three anonymous reviewers for help-
ful comments, and Eric Calais for directional critiques, of previous
versions.

References

Agee, J. K. (1993), Fire Ecology of Pacific Northwest Forests, Island,
Washington, D. C.

20f3



L21403

Ansley, J. S., and J. J. Battles (1998), Forest composition, structure, and
change in an old-growth mixed conifer forest in the northern Sierra-
Nevada, J. Torrey Bot. Soc., 125, 297-308, do0i:10.2307/2997243.

Barbour, M. G., and R. A. Minnich (2000), California upland forests and
woodlands, in North American Terrestrial Vegetation, 2nd ed., edited by
M. G. Barbour and D. W. Billings, pp. 161 —-202, Cambridge Univ. Press,
New York.

Bouldin, J. (1999), Twentieth century changes in forests of the Sierra
Nevada, California, Ph.D. dissertation, Univ. of Calif., Davis.

Bouldin, J. (2008a), Empirical estimates of tree carbon storage over a
century due to fire reduction in California montane conifer forests, Eos
Trans. AGU, 89(53), Fall Meet. Suppl., Abstract B31G-0382.

Bouldin, J. (2008b), Some problems and solutions in density estimation from
bearing tree data: A review and synthesis, J. Biogeogr:, 35, 2000—2011,
doi:10.1111/j.1365-2699.2008.01940.x.

Bourdo, E. A. (1956), A review of the General Land Office survey and of
its use in quantitative studies of former forests, Ecology, 37, 754—768,
doi:10.2307/1933067.

Fellows, A. W., and M. L. Goulden (2008), Has fire suppression increased
the amount of carbon stored in western U. S. forests?, Geophys. Res.
Lett., 35, L12404, doi:10.1029/2008 GL033965.

Gruell, G. E. (2001), Fire in Sierra Nevada Forests: A Photographic Inter-
pretation of Ecological Change Since 1849, Mountain, Missoula, Mont.

Houghton, R. A., J. L. Hackler, and K. T. Lawrence (1999), The U.S.
Carbon Budget: Contributions from land-use change, Science, 285,
574-578, doi:10.1126/science.285.5427.574.

Keeley, J. E. (2004), VTM plots as evidence of historical change: Goldmine
or landmine?, Madrono, 51, 372—-378.

BOULDIN: COMMENTARY

L21403

Leiberg, J. B. (1902), Forest Conditions in the Northern Sierra Nevada,
California, U.S. Geol. Surv. Prof., 8.

North, M., J. Innes, and H. Zald (2007), Comparison of thinning and
prescribed fire restoration treatments to Sierran mixed-conifer historic
conditions, Can. J. For. Res., 37, 331-342, doi:10.1139/X06-236.

Pierce, D. W., et al. (2008), Attribution of declining western U.S. snowpack
to human effects, J. Clim., 21, 6425—6444, doi:10.1175/2008JCLI2405.1.

Skinner, C. N., and C. Chang (1996), Fire regimes past and present, in
Sierra Nevada Ecosystem Project: Final report to Congress, vol. 11, Assess-
ments and Scientific Basis for Management Options, pp. 1041—1069, Univ.
of Calif. at Davis Cent. for Water and Wildland Resour., Davis.

Tilman, D., P. Reich, H. Phillips, M. Menton, A. Patel, E. Vos, D. Peterson,
and J. Knops (2000), Fire suppression and ecosystem carbon storage,
Ecology, 81, 2680—2685.

van Mantgem, P. J., et al. (2009), Widespread increase of tree mortality
rates in the western United States, Science, 323, 521524, doi:10.1126/
science.1165000.

Waddell, K. L., and B. A. Hiserote (2005), The PNW-FIA integrated
database user guide: A database of forest inventory information for
California, Oregon, and Washington, version 2.0, report, For. Invent.
and Anal. Program., U.S. For. Serv., Portland, Oreg.

Weeks, D., A. E. Wieslander, H. R. Josephson, and C. L. Hill (1942), Land
utilization statistics for the northern Sierra Nevada, For. Surv. Release 3,
U.S. For. Serv., Calif. For. and Range Exp. Stn., Berkeley, Calif.

J. Bouldin, Department of Plant Sciences, University of California,
Davis, CA 95616, USA. (jrtbouldin@ucdavis.edu)

3 0f 3




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (ECI-RGB.icc)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


