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Many thanks for this critical and constructive review.

Regarding your general comments on the language, we can certainly improve the text
flow, including the captions and the longer sentences. The language will be revised as
appropriate.

As highlighted by the Reviewer, the Carbon Budget Model (CBM) and the European
Forest Information SCENario Model (EFISCEN) are quite similar, and, of course, we
are not claiming that CBM outperforms, or it is better than, EFISCEN. The two mod-
els have some similarities and some differences, and for the needs of this study, we
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selected CBM-CFS3. Both these tools are inventory-based, yield-data driven models,
using as main input National Forest Inventory data (Kurz et al., 2009; Schelhaas et al.,
2016). Both models have been applied at local (e.g., Pilli et al., 2014 or Kujanpää et al.,
2010), national (Stinson et al. 2011 or Forsström et al., 2012) and multi-national scales
(Pilli et al., 2016 or Verkerk et al., 2014); both have been used to compare different
scenarios, including changes in forest area, harvest demand, management strategies,
etc. Both models distinguish the forest area by forest types (FTs) and age classes,
eventually defined by administrative regions, owner classes, etc., and they require, for
each FT, additional information on the average growing stock and increment (Kurz et
al., 2009; Schelhaas et al., 2016). EFISCEN is basically a matrix model, where the
transition between matrix-cells is driven by different processes, such as natural mor-
tality and management regimes. For each five-year time step, a proportion of the area
assigned to each cell moves up one age class. For each FT a basic, theoretical man-
agement regime of thinning and final cut, defines a “constraint” of what might be felled.
As reported by Schelhaas et al. (2016), based on this theoretical management regime,
the model searches and might find, depending on the state of the forest, the required
harvest volume specified for each region, country and time step. The CBM is a dy-
namic simulation model that operates in annual time steps and can represent a wide
range of forest management activities, land-use changes, and natural disturbances. It
was originally developed and applied by the Canadian Forest Service mainly to even-
aged forests (Kurz et al., 2009), but since 2012, the original modelling framework was
successfully adapted, and tested in European systems including uneven-aged forests
and other management systems, such as shelterwood or coppice (Pilli et al., 2013).
One of the main strengths of the CBM is its flexibility in representing almost any pos-
sible management system. In the CBM, each disturbance type is controlled through
a wide variety of criteria, including spatial and stand characteristics, age, amount of
biomass and dead organic matter (DOM) in individual pools, stand history, etc. The im-
pact of each disturbance is further defined using a matrix that describes the proportion
of C transferred between pools (i.e., from living biomass to DOM), to the atmosphere
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(i.e., due to burning of forest residues) and to the forest product sector (i.e., harvest re-
movals). Overall, this integrating framework allows, theoretically, to simulate the effect
of any possible management system or natural disturbance event, such as windstorms,
fires, insect attacks, etc. This is, in our opinion, one of the main strengths of the CBM
and was among the reasons why we selected this very flexible modelling framework.

As highlighted, our purpose is to apply the same tool and model framework, to 26 dif-
ferent countries. This was also proposed by many authors using the EFISCEN model,
but, as known, due to a long silvicultural tradition, the European forests largely differ
not only with regard to the forest structure (i.e., species composition and age structure,
considered by both these models), but also with regard to the specific managed prac-
tices applied at the country level. For this reason, we selected a very flexible tool, that
allows us to model a wide variety of management practices and that accommodates
a range of input data requirements. Based on the available country-specific informa-
tion, the model can be run using a unique age class distribution, associated with an
average value of volume and increment, without any further distinction between FTs.
Alternatively, when additional information is available, it is possible to apply a very
detailed analysis, at the regional or country level, further distinguished by FTs, man-
agement strategies, ecological regions, etc. Finally, the model can simulate the effect
of different natural disturbance events, from fires, typically affecting the Mediterranean
countries, to windstorm, mainly affecting central and north European countries, and
the subsequent management responses, such as salvage logging. All these elements
were implemented within a unique model framework, providing, at the same time, a
consistent and complete output, including the annual estimates of C stocks and stock
changes for each forest pool. Many of these aspects were also considered by other
studies using the EFISCEN model, but in some cases, they focused on the effect of
natural disturbances (i.e., Seidl et al., 2014), in other cases on different management
practices (even accounting for the effect of climate-change on productivity, but always
considering an even-aged sylvicultural system, such as in Schelhaas et al., 2015) or
on other additional aspects not (yet) considered by our model framework, such as the
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maximum potential amount of harvest (Verkerk et al., 2011) or the forest ecosystem
services (Verkerk et al., 2014). In summary, the CBM is a useful, but certainly not
exclusive, tool to analyze the forest C dynamics, under different spatial scales and
management scenarios. At the same time, using and comparing the results provided
by different models, can represent an added value, to improve the confidence in model
results, in particular when dealing with projections of the future C sink (Böttcher et al.,
2012). A future study aimed at comparing these models, at least at the country level,
would further improve our knowledge.

Your question, on the relationship between forest practices and physical/biological sys-
tem is certainly very interesting, and we could, theoretically, analyze also this issue.
In fact, we could use the ecological zones (as considered, for example, by Metzger et
al., 2012) rather than the administrative (country) boundaries to summarize the results.
A similar approach was already proposed by Stinson et al. (2011) for Canada and by
Mascorro et al. (2015) for the Yucatan Peninsula, in Mexico. In these cases, the model
stratification was done by both country boundaries and ecological boundaries. In our
case, maps of temperature and precipitation classes were projected over a CORINE
map and over the European administrative units, following the approach of Pilli, 2012.
The resulting combinations of precipitation and mean temperature values were used to
define 60 climatic land units (CLUs, as reported in Pilli, 2012, see Figure 1). For each
country, the proportion of NFI forest area associated with each CLU, was estimated on
the basis of CORINE data. Through this approach, even if our modelling framework
was not spatially-explicit, we linked the forest area reported for each country to specific
CLUs, associated with values of mean annual temperature and total annual precip-
itation (the CLU’s mean annual temperatures, range from -7.5 to +17.5◦). Because
in CBM the decomposition rate for each DOM pool is modelled using a temperature-
dependent decay rate (Kurz et al., 2009), also in our model framework the decay rate is
modified according to the mean annual temperature of each spatial unit. The CBM also
uses biomass turnover rates to represent mortality of biomass and litterfall rates and
the transfer of dead biomass to DOM pools. Unfortunately, due to the lack of studies,
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we could not (yet) define these parameters at regional level, and extensively compare
our results with other field measurements. This will be part of future model evaluations.

Specific comments: 1. L. 89, yes, you are correct, biogeochemical will be substituted
with biophysical, as suggested. 2. L. 270, yes, here we refer to a model-model com-
parison, and as you say, the turnover time of each wood commodity (i.e., sawnwoods,
wood based panels and paper and paper board) cannot be measured precisely. We
based our estimates on the default values reported by the Revised Supplementary
Methods and Good Practice Guidance Arising from the Kyoto Protocol, 2013 (IPCC,
2014). We can highlight this uncertainty, as suggested by the reviewer. 3. L. 376 –
381: Yes, we can further develop this sentence. In particular, if we assume that the
biomass removed from deforested areas (i.e., about 5 Tg C yr-1) would be entirely used
as fuelwood (FW) or industrial roundwood (IRW), this would reduce the amount of living
biomass removed through other management practices (see Fig. 1 on the manuscript,
arrows (E), (F), (G)). This would slightly increase the living biomass C stock and, as
a consequence, the NBP of the FM area, but it would not affect the direct emissions
due to FW and to the decay process affecting IRW, since the absolute amount of FW
and IRW would not change. Excluding the effect of the natural turnover rate on the liv-
ing biomass, the average living biomass (excluding leaves) could, potentially, increase
from 7228 Tg C (see Tab 1S) to 7,233 Tg C (i.e., + 0.07% yr-1). 4. L. 481, we will delete
the reference to “SAS®” and instead explain that the statistical analysis was performed
through the “Proc Reg” procedure, using the R2 selection method to identify the model
with the largest R2 for each number of variables considered. 5. L. 585 – 589: yes,
you are correct, that the yield curves in the model are based on observations, and thus
some impacts of environmental changes are represented in the model. However, many
yield curves are based on plot measurements over the past decades we therefore can-
not make any assumptions about how representative the existing yield curves will be
for future environmental conditions. In the absence of environmentally-sensitive yield
curves this is the best we (and the entire forest planning community) can do. 6. L.
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597: yes, you are correct, ORCHIDEE is a process-oriented model, like JULES. The
sentence will be correct.
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1707.2011.01152.x, 2012. Forsström, J., Pingoud, K., Pohjola, J., Vilén, T., Valsta,
L., Verkerk, H.: Wood-based biodiesel in Finland. Market-mediated impacts on emis-
sions and costs, VTT Technology 7, Espoo, p. 47, 2012. Kujanpää, M., Eggers, J.,
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Forest@, 11, 20-35. DOI: 10.3832/efor1138-011, 2014. Schelhaas, M.-J., Nabuurs,
G.-J., Hengeveld, G., Reyer, C., Hanewinkel, M., Zimmermann, N., Cullmann, D.: Al-
ternative forest management strategies to account for climate change-induced produc-
tivity and species suitability changes in Europe, Reg Environ Change, 15, 1581-1594.
DOI: 10.1007/s10113-015-0788-z, 2015. Schelhaas, M-J., Nabuurs, G-J., Verkerk,
P.J.: Description of the modelling approach of the European Forest Information Sce-
nario model (EFISCEN 4.1), European Forest Institute, 2016. Seidl, R., Schelhaas,
M-J., Rammer, W., Verkerk, P.J.: Increasing forest disturbances in Europe and their im-

C6

http://www.biogeosciences-discuss.net/
http://www.biogeosciences-discuss.net/bg-2016-525/bg-2016-525-AC3-print.pdf
http://www.biogeosciences-discuss.net/bg-2016-525
http://creativecommons.org/licenses/by/3.0/


BGD

Interactive
comment

Printer-friendly version

Discussion paper

pact on carbon storage, Nat Clim Change, 4, 806-810. DOI: 10.1038/NCLIMATE2318,
2014 Verkerk, P. J., Mavsar, R., Giergiczny, M., Lindner, M., Edwards, D., & Schelhaas,
M. J.: Assessing impacts of intensified biomass production and biodiversity protec-
tion on ecosystem services provided by European forests. Ecosystem Services, 9,
155-165. DOI: 10.1016/j.ecoser.2014.06.004, 2014. Verkerk, P.J., Anttila, P., Eggers,
J., Lindner, M., Asikainen, A.: The realisable potential supply of woody biomass from
forests in the European Union. Forest Ecology and Management 261(11): 2007-2015.
DOI:10.1016/j.foreco.2011.02.027, 2011. Verkerk, P.J., Mavsar, R., Giergiczny, M.,
Lindner, M., Edwards, D., Schelhaas, M.J.: Assessing impacts of intensified biomass
production and biodiversity protection on ecosystem services provided by European
forests, ISS Environ Sci Tech, 9, 155-165. DOI: 10.1016/j.ecoser.2014.06.004, 2014.
Stinson, G., Kurz, W.A., Smyth, C.E., Neilson, E.T., Dymond, C.C., Metsaranta, J.M.,
Blain, D.: An inventoryâĂŘbased analysis of Canada’s managed forest carbon dy-
namics, 1990 to 2008. Global change Biol, 17(6), 2227-2244. DOI: 10.1111/j.1365-
2486.2010.02369.x, 2011. Mascorro, V.S., Coops, N.C., Kurz, W.A., Olguín, M.:
Choice of satellite imagery and attribution of changes to disturbance type strongly af-
fects forest carbon balance estimates, Carbon balance and management, 10(1), 30.
DOI: 10.1186/s13021-015-0041-6, 2015.

Interactive comment on Biogeosciences Discuss., doi:10.5194/bg-2016-525, 2016.
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mean annual temperature applied by model.
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