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The manuscript “Estimating spatial variation in Alberta forest biomass from a combi-
nation of forest inventory and remote sensing data” is one of several ongoing efforts
around the world to improve and map estimates of biomass density. Such studies are
important and have the potential to greatly improve scientific understanding of forests
and their distribution. The authors have combined two large data sets and the informa-
tion could potentially be very useful to a broader scientific community if the authors had
complied with agreed-upon scientific conventions. The fundamental problem with this
manuscript is that the authors attempt to estimate “forest biomass” but do not follow in-
ternational definitions of what constitutes forest biomass. Given that the authors in their
opening sentence of the abstract make reference to studies of carbon cycling, it can
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be expected that they follow the conventions used in such studies. The Intergovern-
mental Panel on Climate Change (IPCC) has for many years developed and published
guidelines for the estimation and reporting of carbon stocks and stock changes in ter-
restrial ecosystems (e.g. IPCC 2003, 2006). These guidelines distinguish 5 carbon
pools: aboveground biomass, belowground biomass, litter, dead wood, and soil or-
ganic matter (see Table 1.1 in IPCC 2006). By definition, biomass does not include
standing dead trees or downed dead organic matter (sometimes also referred to as
necromass). Note also that the dead wood pool includes dead coarse roots, which are
not included in this manuscript’s estimates of “debris”. Moreover, the methods used
to estimate live root biomass and dead wood are questionable: why use Cairns et al.
1997 when a more comprehensive study for Canadian species is available (Li et al.
2003) and why apply a simple 5% scaling factor for “debris biomass” (a misnomer!)
to all plots when it is well understood that the relationship between biomass and dead
organic matter pools is highly variable over stand development. The authors also do
not clearly specify the units in which their results are reported which further reduces
the utility of the study: are results reported in units of carbon or biomass? This con-
fusion of definitions and lack of attention to units culminates in the discussion section
in which their results are compared to those of other studies (e.g. Table 5). How-
ever, results in that table appear to be reported in units of biomass (Mg and Mg ha-1)
but the original numerical values transcribed from other studies are in units of either
biomass or carbon! Moreover, the studies included in the Table report values for dif-
ferent pools which complicates the comparison (See further details below on Section
4.1 errors in Table 5). Fortunately, these two serious problems can be addressed by
recompiling the data and reporting revised results. The authors should therefore: 1.
Report only aboveground biomass, excluding standing dead trees, as this is the only
estimate directly derived from ground plot measurements. | appreciate that it may be
difficult to separate standing dead from live trees, but the permanent sample plots nor-
mally make this distinction and the authors know the number of both live and dead
trees, suggesting that they do have the required data. 2. If there is an interest in to-
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tal biomass (i.e. aboveground plus belowground biomass in roots) then report this as
a second variable (but since this is strongly correlated with and derived from above-
ground biomass it may add little additional information). 3. Do not report the pool
you refer to as “debris” given that in your case this was merely estimated as 5% of
the biomass. 4. Decide on the units to use for the reporting (your section 2.3.4 pro-
vides methods for the conversion of biomass to carbon) but your figures and tables use
unit descriptors that do not include the C, suggesting that these are units of biomass.
Please clarify this confusion, and use the correct units consistently. A second issue is
the use of LiDAR data at the scale of one data point per 1 km2 (or 100 ha) when all
permanent sample plots are at least two orders of magnitude smaller than the 100 ha
grid cells. Depending on the region of AB the landscapes are more or less heteroge-
neous and can contain many stands within any 100 ha grid cell. One can therefore
expect a wide range of canopy heights in each cell. However, the authors demonstrate
in Figure 2c a reasonable agreement (though see my comments below on Figure 2c).
It would be good if in the discussion of the paper they could add the point that further
improvements in estimates could be achieved with either fine resolution estimates of
canopy height, or other remote sensing data at resolutions higher than 1 km2. The
authors’ estimation of accuracy is also somewhat problematic because it appears that
the same data set (1968 plots) is used to derive the model parameters and is then
used again in its entirety in the accuracy calculations. This should be clarified and
alternative approaches for accuracy assessment considered. | recommend that this
paper be rejected and re-considered for publication after major revisions. The subject
matter and the potential results are important and therefore warrant publication once
the problems are addressed. Specific additional comments are provided below. While
preparing the revisions to the manuscript, the authors may want to also consider the
results of the new study by Beaudoin et al. 2014 which can be found in CJFR at:
(http://www.nrcresearchpress.com/doi/abs/10.1139/cjfr-2013-0401#.Uv_EEOYWLmMQ)

SPECIFIC COMMENTS
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P19006: Abstract — clearly identify which pools you report and in which units. P19012,
L8: One of several examples that require editing: “Totally, 490 sampling plots were in-
cluded for current work, including 36 059 living trees and 7046 snags.” Could be revised
to “In total, 490 sample plots with measurements for 36,059 live trees and 7,046 snags
were used in this study.” Section 3.1: The authors report an average biomass density
of 172.33 Mg ha-1 and then list that the biomass densities for species ranged from
23.95 to 50.86 Mg ha-1. How can ALL of the species-specific estimates be so much
lower than the provincial average? Is this because the species-level estimates are
only part of the biomass in a plot, and multiple species sum to the plot-level biomass?
Even then, the sum of the biomass density of the four species listed is less than the
provincial average. Please clarify. Section 4.1. The authors state that “Compared with
other studies, our estimate of mean biomass density was close to several studies at
global and regional scales, while it also had a large difference from the estimates of
some other studies, such as Dixon et al. (1994), Pan et al. (2011) and Penner et al.
(1997) (Table 5). Clearly, there is a huge disagreement among different estimates, but
it is hard to compare them because of different data sources, estimation methodolo-
gies, and time periods of data collection.” While it is true that these studies compiled
in Table 5 include methodological differences, the magnitude of the differences is in
part due to the fact that the authors compare estimates in different units (some are
biomass others carbon — a two-fold difference) and for different pools (some studies
are for aboveground biomass only, others are for total biomass and others include ad-
ditional pools). In an effort to better understand Table 5 | started to discover several
errors and inconsistencies that admittedly added to my frustration with this manuscript
and tipped the balance towards rejection in its present form. For example: Penner et
al. 1997 report their estimates in units of biomass, while Pan et al. 2011 and Kurz
and Apps 1999 report units of carbon. Penner et al. 1997 report only aboveground
biomass (see p. 17 in Penner et al. 1997) though it is unclear if this includes dead
standing trees. Neither roots nor dead organic matter are included in that study. Kurz
and Apps report an aboveground biomass density of 35.9 Mg C ha-1 (their Table 6)
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and all pools excluding soil are reported as 70.0 Mg C ha-1 — neither of these numbers
agrees with the value of 71.8 Mg C ha-1 cited in Table 5 of this manuscript. Pan et al.
2011 (Table S3) reported a C stock for Canada’s forests of 30.7 Pg C (not the 38 Pg C
cited in Table 5). Using the correct C stock estimate then changes the C density from
165.65 Mg C ha-1 reported in Table 5 to 133.82 Mg C ha-1. In summary, Table 5 is
a mess and while such comparisons are useful, they need to be conducted with more
diligence. Lastly, the study by Stinson et al. 2011 provides detailed estimates of carbon
density by ecozones, including those in Alberta, and is the basis for the estimates cited
in Pan et al. 2011. Figure 1: The caption refers to 1968 sample plots — but unless each
dot includes multiple plots, the figure shows far fewer plots. Please clarify. Figure 2c:
The use of a logarithmic scale on the Y-axis is misleading — please revise and replace
with regular Y-axis scale. Figure 3: The text reference to Figure 3 refers to results from
the four methods but only 3 maps are shown?
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