
Dear reviewers and recommender,

Thank you for having carefully  read my preprint and for the numerous insightful
comments  you  made.  I  have  considered  and  answered  all  your  suggestions  and
corrections to make the paper as clear, transparent and accurate as possible.

All minor corrections were taken into account and are highlighted in the comparison
document  entitled  “article_PDG-Arena_20240209_v_20240620”.  Here  after,  I
copied, pasted (in italic blue) and sometimes regrouped the major criticisms of the
review. I  described (in black font)  how I modified the article  to  integrate each of
them.  In  the  final  section,  I  describe  additional  modifications  to  the  preprint  to
improve the manuscript quality. For each modification, a sample of the comparison
document is given to clearly show the changes involved.

I  hope you will  now find this  revision acceptable for publication in PCI Forest  &
Wood Sciences.

Best regards,

Camille Rouet, on behalf of all co-authors



Answer to the Review by Erwin Dreyer (recommender)

 Description of the repository dataset and inclusion of other dataset (LAI, soil
texture...)

I had also a look at the data presented in the Zenodo repository. Although they are
easily accessed, I had the feeling that they would require a careful description of the
different data sets (I was unable to find it) in order to facilitate potential reuse.

Concerning the Github/Zenodo repository, we firstly wrote an exhaustive description
of the files in the root readme.md file. We also added a readme file accompanying the
Rdata file to describe the simulation dataset, which include the simulations results as
well as the inventory data. Finally, we added a table that includes the plots LAI that
were used during simulations (Sec. 2.3) and a table that describes the soil texture of
the plots. The original dataset that made it possible to compute the crown radii based
on individual diameters per species were provided by Hendrik Davi. Unfortunately
we can't provide it yet.

The repository can be found at https://doi.org/10.5281/zenodo.12191049

 Title

The title has been slightly modified:

 Abstract

(abstract) please define 'better performance"

(abstract)  OK,  but  are  such  models  the  only  approach  to  the  question  is
predicting/simulating the growth and development of mixed stands?

The abstract  was  improved in order  to  describe  how the model  performance was
evaluated and now includes numerical results (R2 and net mixing effect):

https://doi.org/10.5281/zenodo.12191049


 Maximum water shortage

(p.  39  fig  B.7)  how  was  this  defined?  Why  not  use  the  more  traditional  REW
(relative extractable water) used in the water balance model? or any other unit, but
please justify it.

A justification of the choice for this variable was added:

 Appendix “Computing Leaf Mass per Area”

I found this paragraph to be rather confuse. Please clarify and be careful with the
scales:  LMA  is  a  leaf  trait  (mean  values  may  be  computed  for  sections  in  the
canopy). LAI is a canopy related trait.

LMA is a property of individual leaves; how is it then integrated to crown level? is it
used to compared species, or the degree of dominance of a given species?

Thank you for your comments. We have completely restated the Appendix B.1 in 
order to be more accurate and avoid any possible confusion:  





Answer to the review by Harald Bugmann (reviewer)

 Name of the model

(note that it is not explained anywhere why this is "Arena").

Thank you very much, we had not realized this omission. We added an explanation
for the name of the model :

 Discussion about the simplifying assumptions in the model

The  development  of  PDG-Arena  is  described  coherently  and  in  a  transparent
manner.  Yet,  there  is  some  discrepany  between  the  plea  of  the  authors  that
mechanistic, ecophysiologically-based formulations need to be sought, and the fact
that multiple simplifying assumptions are made that are countering this endeavor
somewhat;  for  example  that  truncs  are  ignored  for  the  calculation  of  radiation
although it is known that they can absorb a considerable fraction of the sunlight,
and  are  also  important  for  backscattering;  or  the  assumption  that  there  is  no
differentiation  between  trees  (in  terms  of  sizes  or  species)  regarding  rooting
behavior, which likely has strong implications for water competition in real stands.
Undoubtedly any model  needs to be based on simplifying assumptions.  Some of
them are addressed in the Discussion section (e.g. the rooting problem), but they are
not  put  in  context  with  the  results  of  the  study,  unfortunately.  Others  are  not
addressed at all.

The models are made up of a number of simplifying hypotheses, and it  is  always
difficult to choose, for the benefit of readability and comprehension, those that can be
presented in the manuscript and those that refer to previous publications. In line with
your expectations, we have therefore chosen to go further in their presentation. To
answer these discrepancies, we thus developed further the paragraph discussing the
pros and cons of process-based models:



Concerning  the  radiation  interception  by  trunks,  we  forgot  to  mention  it  in  the
original  preprint.  Even  though  the  interception  by  trunks  is  ignored  during  the
SamsaraLight process, it is simulated later in PDG-Arena by retrieving a fraction of
the absorbed radiation by the soil:

Furthermore,  in  the  new version we now discuss  the  implications  concerning the
absence of phenotypic plasticity of the crowns shape and size, as well as the absence
of competition for nutrients:



We  also  discuss  the  consequence  of  the  absence  of  interspecific  differentiation
concerning the zone of water uptake:

 Date of the inventory and coring of trees

There  are  larger  worries  regarding  the  data  used  for  benchmarking  the
simulations. The description of the data is not very clear. I presume that an initial
inventory of the 39 plots was made in 1996 (this is why the simulations are starting
in 1996), but no further inventories were executed (this is not clarified anywhere). It
then appears that the growth of the trees was analyzed using dendrochronology (l.
213 [273?]).  It would be important to know whether all  1177 stems (l.  277) were



cored indeed  (this would be a huge amount of work!), or whether this was done
only for a subset of the trees; but this is not stated anywhere.

It is true that our description of the inventory and data collection was not sufficiently
exhaustive. The preexisting data set contains only one inventory per plot and was
performed from 2014 to 2016. During the same period, part of the trees was cored to
infer the growth of the 1996-2013 period. We’ve rewritten this section to explain this
and how we extrapolated the growth to non-cored tree:

 Bias in the computation of the wood volume increment

More importantly, tree height was assumed to be constant (l. 208), i.e. no height
increment was simulated over 17 years (1996-2013), whereas growth was assumed
to be BAI times tree height, which induces a strong bias in the simulation results as
well as in the data (assuming that woody increment was calculated from the data
using the same assumption - this is not stated anywhere, though). But if height was
constant indeed, why not compare BAI (obs) against BAI (sim)? This would be a
much more straightforward comparison (let's not even think about issues such as
form factors etc.).

In this article, we chose to infer the wood volume increments from the basal area
increments in order to get closer to the model output. As the model is carbon-based,
its output can be converted into volume gain without needing strong assumption.
However, there is indeed a gap between volumes and basal areas. As pointed out by
the reviewer, using fixed height to compute the tree volume increment during an 18



year period is insufficient. Thus, we have therefore modified the past tree heights,
which are now calculated by using a height-DBH relationship based on the data set
(on the year of inventory):

The height-DBH relationship is specified in Appendix A:



Moreover, we integrated species-specific form factor coefficients to take into account
the non-cylindrical shape of the trees:

 Performance of the models

The simulation results nicely show the patterns hypothesized by the authors. Yet,
they  left  me  concerned.  On  the  one  hand,  the  effects  induced  by  moving  from
CASTANEA  to  the  three  simulation  studies  with  PDG-Arena  (using  three



assumptions re. stand structure) are really very minor (Tab. 3 of the manuscript),
with the r2 always being >0.965. Hence we are talking about minute effects here.

Indeed, these results are very close. So as not to be ambiguous, we now highlight in 
more details the similarity of the two models in the discussion:

On the other hand, the performance of any of the simulations appears poor to very
poor (Tab. 4 of the manuscript) compared to measured (?; cf. above - what was
actually measured, and how?) wood volume increment. Clearly PDG-Arena has the
best performance, but this does not exceed an r2 of 0.5 and does not go below an
error of 34%, which is clearly not satisfactory. Thus, the question arises whether
these results can actually be trusted. It  appears that both models would need to
undergo additional development to be able to represent stand growth over a period
of 17 years accurately, particularly since the initial situation was taken exactly from
the measurements (inventory).

It  depends  on  what  is  meant  by  “being  trusted”.  We  agree  that  the  overall
performances are not sufficient for, for example, instruct a local forest management
plan.  We  think  this  is  a  limit  of  most  process-based  forest  models  developed  to
operate over wide areas. Surely the results of such a model is not to be taken at face
value, but only as a tool to help explain observed patterns or to anticipate changes,
based on the hypotheses contained in the model.

Furthermore, the results are strongly dependent on the input data as well as on the
reference data. As described in the following section, we performed new simulations
using LAI from a remote sensing source. The resulting shift in the model performance
highlights the dependence of the simulation to the input data, in particular the LAI,
which  is  hard  to  obtain  (a  fortiori  retrospectively).  Also,  the  simulations  would
probably  have  been  more  reliable  if  they  were  tested  against  carbon  flux
measurements. Unfortunately, flux tower installations are rare on mixed stands.

Therefore,  the objective of this  work is not to have the best  growth prediction in
absolute but to evaluate the relative effect of switching from the stand scale to the
individual scale in terms of performance and functioning. This is why the focus of the
study is mostly on the comparison between the CASTANEA and PDG-Arena models
and between the types of inventory used with PDG-Arena. That said, we acknowledge
this limit of our results. Thus, we have chosen to remove the word “accurately” from
the conclusion, which was not consistent with what the results showed:



In order to highlight the ability of PDG-Arena to simulate the growth of individual
trees, we added an evaluation of PDG-Arena at the tree level. Here are the concerned
sections:

New sentence in the “model evaluation” of the Results section:

New paragraph in the Results section:

New paragraph in the Discussion:

 Use of LAI values from remote sensing

In that same context, the authors mention that LAI data are from the recent drought
period (l. 216 and 418) whereas the inventory data are from nearly 30 yrs ago. This
may explain the divergence between LAI values of ca. 3 (single-sided, I presume)
and the very high BA values (ca. 50-60 m2/ha), which are hard to reconcile and
may lead to strong inconsistencies in a model that is driven by radiation, and thus
LAI.

Thank you for that pertinent comment. We have taken it into account: considering
the discrepancy between the growth period (1996-2013) and the LAI measurement



period (2022-2023), we chose to use values of LAI based on remote sensing data for a
period that fit with the measured growth. The description in the manuscript has been
modified in accordance:

This modification in our protocol substantially changed the simulation results, but 
the pattern is conserved, with PDG-Arena being overall better than CASTANEA 
(except for fir stands):

Also, the use of higher LAI leads to more differences between the PDG-Arena and
CASTANEA simulations using RM inventories, which is now explained as follows:



It is not clear whether LAI was set to a constant across the simulation time, using
the 2022/2023 values. This would be a highly debatable assumption.

It is true that the yearly maximum LAI was fixed during the simulation (now from
SPOT/PROBA-V 1999-2013 period).  However,  the  LAI  does  have an intra-annual
variability  inside  the  model  simulation.  The  variation  of  LAI  firstly  affects  the
physiological  processes but it  also affects  the absorbed radiations, as described in
Appendix B.4.

 Alternative measurements

Importantly, one aspect that would be key for simulations across multiple years
with a dynamic model is not addressed in the results shown in this study at all: it
appears  that  all  that  is  tested  is  diameter  increment  (and  indirectly,  volume
increment using a static tree height),  but  not  the development of  any other tree
characteristics such as height, the height of the crown base, leaf mass or leaf area,
let  alone  allocation  to  belowground  compartments  (for  which  admittedly  there
would most likely not be any data). It would have been highly insightful to compare
the simulated stands at the end of the inventory period (2013 - was there really no
inventory carried out at that point in time?) against measurements. Focusing the
comparison  on  simulated  GPP  among  models  and  woody  increment  between
models and a tree ring reconstruction leaves many questions unanswered.

It's a pertinent remark and we agree that evaluating the model using measurements
related to the other tree compartments would have been highly valuable. However,
the data set on which the study is based does not contain repeated measurements
about tree height of leaf area. Therefore, we only evaluated the growth using yearly
tree ring measurements and the retrospectively estimated tree heights. We are sorry
it is not possible to add more data for the evaluation.



 Description of the virtual inventory types

l. 289: Although I am intrigued by the approach taken here to generate synthetic
stands that systematically miss certain aspects (compared to reality) such as species
or species interactions, I found the description very difficult to follow and am not
really sure I have understood. The setup O is straightforward, and in the setup RS
tree  positions  were  "regularized"  (not  sure  this  is  a  proper  English  term,  but  I
understand). But what is the essence of the difference between RS and RN? This
remains elusive to me, even after repeated reading of l. 293-297. Pls re-consider.

To  be  clearer,  we've  tried  to  simplify  things,  especially  the  nomenclature.  We
renamed the RS, RS and O inventory sets as RM, R and O types. RM for regularized
monospecific  inventories,  R  for  regularized  inventories  (that  can  be,  or  not,
multispecific), and O for original inventories. Also, we have rewritten the description
of inventory types as follows:



Answer to the Review by the anonymous reviewer

 Competition for nutrients

1) Competition for water and light is implemented, but there is no competition for
nutrients,  even if  the authors themselves mention it  in the introduction as being
important (line 45). Shortly mentioning why this has not been done (and maybe
possible consequences?) would be helpful. Maybe either in relation to mentioning
‚limiting  resources‘  (line  436),  or  when discussing  possible  improvements  of  the
model (lines 451-465)?

Indeed, this is a point that would have been interesting to explore. However, it's a
complex task that wasn't part of the objective of this study and would probably merit
a dedicated article.  A section of the discussion is now dedicated to the absence of
competition for  nutrients  and its  consequences  (see  the  section of  this  document
“Discussion about the simplifying assumptions in the model”).

 Global change

2) What is meant by global change? (e.g. line 49)

We  refer  to  the  rapid  changes  in  the  planetary  system  associated  with  the
Anthropocene,  including  climate  change,  nitrogen  pollution,  land  use  and
biodiversity loss. We added a reference to the article of González de Andrés (2019):

 Modelling of the competition for water

3) If there is limited water available, is all water divided equally among the trees?
Or  is  water  uptake  connected  to  transpiration?  In  other  words,  how  does
competition for water take place? (section 2.1.2)

That is a good question. Transpiration is computed based on the absorbed radiation
and the stomatal conductance. When water becomes limiting, stomatal conductance
is negatively affected through a reduction factor, which will stop the transpiration.
PDG-Arena  follows  the  same  process,  but  since  the  individual  transpirations  are
simulated before the stand soil water balance, it can happen that trees transpire more
than what the soil can provide. In this case, the reduction factor on transpiration will
take effect during the following water balance, which is the next day. This part should



be reconsidered to prevent trees from transpiring if water is not sufficient. Yet, since
the error is caught the next day, this should not significantly affect  the results.

4) There is no vertical or horizontal differentation of soil water availability (lines
160-164). For the lack of horizontal differentation an explanation is added, but not
for the lack of vertical differentation (although it is discussed in the discussion). I
suggest  either  discussing/mentioning  both  here  (lines  163-164),  or  neither  (and
discuss both in the discussion).

The discussion has been enriched with a paragraph about the consequence of this
simplification. The justifications for the lack of horizontal and vertical differentiation
are now in the same paragraph (see the section of this document “Discussion about
the simplifying assumptions in the model”).

 Net Biodiversity Effect

5) Calling mixing two different tree species „biodiversity“ is a bit of a stretch. After
all, one can think of many more factors being of importance for biodiversity that all
contribute to „mantaining key ecosystem services“ (line 5-6). I’m fully aware that it
is difficult to quantify biodiversity or to somehow distill it out of model results and I
agree  that  using  the  number  of  different  tree  species  is  a  good  first
step/approximation,  but  I  would  be  careful  with  the  terminology.  I  propose  to
change the ‚net biodiversity effect (NBE)‘ to net mixing effect, or something along
those lines, or otherwise clearly state that number of tree species is used as a proxy
for biodiversity.

Originally,  the term “Net Biodiversity  Effect”  was used in biodiversity-functioning
experiments that took place in grasslands. Later on, it was also adopted in several
diversity-functioning  study  in  forests  (for  example,
https://onlinelibrary.wiley.com/doi/full/10.1111/ele.12357
https://www.nature.com/articles/s41559-020-01329-4  and
https://academic.oup.com/jpe/article/10/1/158/2966831  ). However, we agree with
the  criticism and  renamed it  Net  Mixing  Effect.  Additionally,  we  changed  in  the
manuscript every mention of “biodiversity” to “diversity” or “tree species richness”.

6) Since the paper introduces a new model, I think it would be nice to shortly discuss
the limits/opportunities of the model. For what kind of setups can it be used? What
are the size limitations of the plots? Can it be used for more than two different tree
species? Can trees completely cover each other (undergrowth)? Etcetera

We agree with this suggestion and added a description of the model entry in the 
conclusion:

https://academic.oup.com/jpe/article/10/1/158/2966831
https://www.nature.com/articles/s41559-020-01329-4
https://onlinelibrary.wiley.com/doi/full/10.1111/ele.12357




Additional modifications

 Management of outliers

Having performed new simulations with an alternative source for the value of LAI, we
have  excluded  the  hypothesis  that  poor  LAI  measurements  could  explain  the
discrepancy between simulated and measured values for silver fir plots in the Bauges.
Therefore, we decided to exclude 2 outlier plots from the performance analysis:

For the sake of transparency, the performance results with the entire plot set is given 
in appendix of the document:




