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We are grateful to both reviewers for their careful reading and correction suggestions.
We accounted for most of their comments for revising a new version of our manuscript.
Both referees call for rewriting parts of the manuscript more rigorously regarding the
novelties brought and originality of the GO+ model. In the revised version, we took
this opportunity to document more accurately the originality of the model, minor our
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over-enthusiastic statements and shorten some parts of the manuscript. We have
organised our reply starting to address first the general comments of both referees
and replying then to each specific comment.

1 General comments of referees #1 and #2

1.1 Referee # 1

Referee # 1 raised three main points.

• The linkage between soil water, plant size, plant, hydraulics and stomatal
functioning and photosynthesis.

We agree with the comments of both referees regarding the need for a
clear demonstration of the model novelty in this area. Although kept simple,
the explicit linkage between plant hydraulics and stomatal conductance in GO+
v3.0 is not implemented in most forest models where, e.g., the Ball-Berry’s
model is used instead (Guillemot et al. 2014) or a simpler LUE approach is
used (Landsberg and Waring 1997) or time resolution is too large for calculating
hourly values of the leaf water potential (Reyer et al. 2014). We simply meant
that our stomatal and photosynthesis model is not based upon an optimality
postulate and doe not link the stomatal conductance to photosynthesis. In the
revised version, we propose to illustrate in a new figure (Figure 1) the effect
of the leaf water potential on the stomatal conductance and photosynthetic
CO2 assimilation at a range of leaf-to-air water vapour pressure deficit, CO2
concentration, and for different tree species. We agree our statement about the
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originality of this formalism was a bit exaggerated and that our model is actually
close from the original Jarvis’s (1976). We rewrote accordingly the first part of
the discussion. We think that demonstrating the performance of the model for
specific processes would lengthen considerably the manuscript and be complex
due to the paucity of appropriate data. The evaluation of the canopy fluxes of
water vapour and CO2 modelled against flux data measured by eddy covariance
makes realise how well / badly the model behaves for simulating photosynthesis
and evapotranspiration.

• The effect of the management options implemented in the model on model
results.

There is currently a vivid discussion about the role of forestry in the car-
bon emissions reduction policy of the countries that are signatories to the Paris
Agreements. This makes crucial to describe realistically the impacts of forest op-
erations on carbon pools in the soil, harvested products and biomass. However,
the present and upcoming forest management strategies are poorly represented
in most models. The main merit of our model is its versatility that allows to create,
assemble and combine the forest operations currently included in management
schemes of coppices, plantation forests (soil preparation, intensive harvesting
of different tree parts, ground vegetation removal), as well as close-from-nature
management schemes (thinnings from the top, from below or random, self
thinning). Our model can describe a relatively vast range of sylviculture options
for even-aged, monospecific forests. In addition, the soil carbon sub-model,
adapted from Roth-C, accounts for the effects of soil operations (tillage, disking,
moulding,...) and the improvement of the soil carbon dynamics illustrated in Fig 3
is a substantial progress. However, we agree that the model originality is lesser
for assessing deforestation impacts which led us to remove the Figure 4 from the
revised version. We add a sentence in the Discussion section making clear that
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the version 3.0 is not including mixed or multilayered forests.

• The nutrient cycles and related impacts on photosynthesis and respiration.

Thanks for the suggestion. The relationship between N and P leaf con-
tent, SLA and photosynthetic parameters is still an open area for modelling
(Achat et al. 2016, Jiang et al. 2019). Meta-analysis comparing species (Walker
et al. 2014) and previous modelling attempts developed in few global or forest
models are of course inspiring but cannot be adapted straightforwardly to GO+.
Based upon our recent synthesis (Achat et al. 2016)), a module describing the
main processes of the nitrogen and phosphorus cycles in the soil-plant system
is being developed for GO+ but goes beyond the scope of the v3.0 version .

Hence, the simulations shown are all based assuming Vcmax, Jmax values
at 25 ◦C are fixed because we have not yet evaluated the next nutrient version
with data observed. Though, we implemented the nitrogen content effect on
maintenance respiration in the V3.0 version shown because its ecophysiological
basis is widely understood (Ryan, 1991) and thus easier to parameterise and
make generic among species and plant parts. However, the concentration of
nitrogen in each part of the plant is fixed, which would make it superfluous to
further detail the photosynthesis - foliar nitrogen relationship.

1.2 Referee # 2

The referee # 2 pointed 1) the usefulness of the verification section and 2) the
explanation of the stomatal response functions (Eq. 13).
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• The "Verification" section complied with the requirement of the journal but we
thank you for the suggestion of changing its title. We thought this section is
useful for showing the closure of mass and energy balances on a 22 year-long
time series. Here, the lack of closure of the energy balance (9 % ) is explained in
this section by the approximation made about the atmospheric stability and the
related underestimation of the convective heat fluxes by the model.

• We apologise because the sentence P9L10 " The individual stomatal response
functions used are allowed to vary according to the species considered" is mis-
leading and will be removed from the revised version. Actually, in the version
3.0 of the GO+ model, the response functions of stomatal conductance to short-
wave radiation, leaf-to-air vapour pressure deficit, CO2 and leaf water potential
are generic among species( see Figure 1), only their parameterisation is species
specific. We add to Eq.13 the explicit description of the four response functions
(previously shown in the parameterization section).

2 Specific comments referee#1

Abstract: the 2nd half of the abstract only described what the author have done –
i.e. examines the sensitivity of the model, compares the model performance with
observations. I would like to see some more explicit descriptions of the results of these
actions. We changed the second part of the abstract.

P4, L2: This statement really depends on your definition of representations. Many land
surface models did incorporate empirical relationships on management effect on soil
and vegetation carbon. A recent literature is Felzer and Jiang (2018), who assessed
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the effect of different land uses on vegetation and soil carbon sequestration, includ-
ing forest harvests. The relationships in their model are empirical, but so does some
relationships described in this study.

We partially agree. Feltzer and Jiang (added in references) nicely described the effects
of land use change and timber harvesting at the country scale on the only biomass
stocks and related litter input to the soil. They ignored the putative short term effects of
soil preparation, timber logging and clearcutting on soil organic matter mineralisation
and ground vegetation that are common in European forestry. In European forests,
Naudts et al. (2016) and Luyssaert et al. (2018) accounted for the impacts of forestry
on the soil carbon dynamics considering the only changes in litter inputs and exports.
They do not estimate effects on organic carbon mineralisation and transformation
dynamics due to soil preparation techniques. In the forests of Southern Europe, the
removal of branches, stumps and foliage of trees and understory are also relatively
common but not accounted for by most forest models.

Table 1: Any particular reason why atmospheric O2 concentration is an input in this
model? P8, Michaelis-Menten coefficient of Rubisco is depending on CO2 and O2
concentrations.

L13: What depth is the reference depth? Can you specify? This is actually the soil
depth. Corrected.

P9, L8: So stomatal conductance is simulated independently of photosynthesis. Can
you show, in your model evaluations, how photosynthesis and stomatal conductance
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is coupled/decoupled under different weather conditions? I think it’s important for the
readers to know the performance of these two fluxes, especially given the current way
you represent these two inter-related fluxes.

We added a new figure deciphering the impact of leaf water potential and air water
vapour pressure saturation deficit on the stomatal conductance and photosynthesis of
the tree canopy.

P9, L9: Can you perform a sensitivity test on the time constant? This constant seems
to potentially have a big effect determining your drought responses.

Yes we could but think it would lengthen the already long paper. We expect substantial
effects on understorey exchanges where species with long response time, e..g. Fern
species, are common. In tree species, the time constant is rarely exceeding 30-40 mn
and has no impact on the model results at an hourly resolution.

Equation 13: How could one derive relationships from observations to drive your
model? I can see many assumptions must have gone into the parameterization of this
equation. How much confidence can we trust the model prediction, if these parameters
were only empirically- determined/assumed?

We have explained this in the parameterisation section. The stomatal model equation
is generic and may be parameterised at the canopy scale, using eddy covariance flux
data, sap flow measurements, or upscaling gas exchange measurements performed
with chambers. The new figure (Figure 1) will be inserted in the parameterisation
section.
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P10, L25: You have maximum root depth as an input parameter, but how root depth
changes with plant age?

There is no changes in soil rooting depth with age in the V3.0 version. We agree that a
relationship of the rooting depth with tree size is however missing for forest plantations
and younger stands, where root expansion must be accounted for. We warn for this
limitation in the discussion part of the version revised.

Equation 24: You did not have nutrient effect on photosynthesis, but you included N ef-
fect on respiration? Can you justify the reason to not include N effect on photosynthesis
then? That seems a missed opportunity given the current momentum in including ni-
trogen and phosphorus cycle processes in land surface models, which has been quite
nicely reviewed in Achat et al. (2016) and evaluated in Fleischer et al. (2019).

This is being developed in the next version of the GO+ model and will be evaluated
using different forest experiments, including input from N fixing species, nitrogen
deposition and fertilisation.

P13, L2: “than” grammar issue?

Yes, thanks, corrected.

P13, L6: Does allocation only respond to this water stress index and nothing else (e.g.
nutrient, competition, phenology)? This could be quite an important weakness that
needs further justification. Also, it seems that this water stress index only changes at
annual timestep (P14, L5). Is this too coarse a resolution to simulate drought effect
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on growth and transpiration fluxes? The model certainly resolves energy, water and
carbon budgets at hourly timestep, which implies that the model has the capacity to
investigate detailed water-carbon relations under extreme conditions.

Apart from the foliage, the growth of the other tree parts (stem, branches, root parts) is
integrated over the year and updated annually. We used therefore an annual index for
simulating the impact of water stress on the carbon allocation between above-ground
and below-ground tree parts (Eq. 28).

But if the water stress index is only updated at annual timestep, I see little possibility for
a realistic simulation of the diurnal and intra-annual variability in carbon-water coupling.

The impact of leaf water stress on transpiration and photosynthesis is implemented
hourly through stomatal limitation (Eqs.13 and 16) and leaf growth (understorey).
Hence, the water and carbon are coupled at a range of time frequencies:

• Hourly for most canopy processes:

– changes in leaf temperature, and in turn respiration, controlled by stomatal
closure

– leaf water potential and VPD control of stomatal conductance and in turn
the internal CO2 concentration that affects photosynthetic assimilation of
carbon

• Daily and yearly for growth, phenology and mortality processes.

These couplings are not covering all possible water stress effects on ecophysiological
processes in trees, that are multiple. So, we do not pretend that the model is capturing
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every ecophysiological process coupling carbon and water metabolism a tree.

Figure 2: Allocation partitioning into different root components – how do you param-
eterize and evaluate this? For such a simple allocation scheme, maybe the authors
want to justify the need for additional complexity in representing root dynamics. What
additional insights do you gain by compartmenting roots into 4 categories? This
parameterization is empirical and based upon allometric relationships detailed in
Achat et al. 2018. This is detailed in the Suppl Mat. Table S2 and Eqs. S34-S62.
This level of details is requested for calculating the biomass maintenance respiration.
It has not yet any other implication for the processes described in the V3.0. but, as
explained in section 2.9.4, this was needed also for calculating the nutrient export due
to harvests (Achat et al. 2018). Moreover, it will be used in the subsequent versions of
the model for a number of processes included in N and P nutrient cycles.

Section 2.7: The representation of vegetation phenology includes very little mechanis-
tic understanding – from what I can see, some part of the model only still uses date
of year to change phenology. Maybe that’s a point of future model improvement, but
some acknowledge of the limitation may be needed.

As in most models, the bud burst, leaf unfolding and leaf duration (Fagus) are
depending on the accumulated temperature – as chilling or forcing temperatures
–, photoperiod (Quercus spp., data not shown) and accumulated radiation. Being
more mechanistic would lead to implement detailed physiological processes that are
complex and difficult to describe at the canopy scale. So, in this version, only the
needle cohort life duration is fixed. All other phenological variables are controlled by
temperature, radiation or water stress (Tables S3, S5).
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P16, L21 – 22: From reading of this, it appears to me that you consider a tree dead
once you can’t close the carbon mass balance. Is this a realistic/safe assumption? The
thing is, this assumption ignores the role of plant hydraulic and physiological traits in
modulating plant responses to extreme conditions. I think some acknowledgement on
the lack of process-based representation of tree mortality is needed here.

Yes, thanks it has been added in the discussion. We are aware of the numerous stud-
ies relating stomatal function to cavitation avoidance since, e.g., Jones and Sutherland
(1991) until Choat et al. (2018). The implementation of variable resistances linked to
cavitation and embolism of sapwood tissues and their repair would need to represent
individual tree hydraulics that is not feasible with our model.

The negative carbon balance is produced when assimilation has been constrained by
prolonged stomatal closure as a result of plant water stress. The stomatal response to
leaf water potential is itself a consequence of plant hydraulics function (capacitance
in tree and resistances in plant and soil). We assume that the GO+ hypothesis of
the death of the tree of a negative carbon balance is a simple and direct modelling
shortcut to summarize the impact of water stress in terms of tree mortality.

P16, L25: If I understand this correctly, here potentially coarse woody debris is added
to soil pool?

Yes.

Figure 3: Clearly the new prediction still can’t capture the exact management effect,
so what’s the point of including these management options in your model? Yes the
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simulation is better matched with observation over the long-term, but the immediate
impact should also be represented, I would argue.

Thanks. Our message here is essentially to show how GO+ captures the trajectory of
soil carbon following a series of soil preparation operations. The example shown in Fig
3 are a unique time series of soil carbon content measured during the C. Jolivet Ph.
D. thesis work in 2000. However, this time series is not fully consistent and should not
have been used as such for the following reasons.

• First, the soil density used for calculating the observed values of C stocks was
kept constant at a default value (1.13); it may have been changed during plough-
ing and disking but we have non information on this.

• Second, the slash and ground vegetation were initially accounted for until 1998
but were then piled in rows and left apart when ploughing (operation #5). They
are not anymore accounted for in measurements until mid 1999. At that time,
they were buried again in mineral soil during the subsequent disking (operation
#4).

For consistency, we removed the observed C stock values measured without account-
ing for the slash and have changed the figure 3 accordingly (Figure 2).

Figure 4: Prediction not necessarily improved, is it?

See above. We removed it.

P21, L10 – 14: these assumptions seem to be very arbitrary – no citations, and not
species-specific.
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The fractions of understorey biomass destroyed by disking is the observed practices
of the fast growing Pines plantations in Europe. We have added an explanation and
reference. The calibration of the increase in the mineralisation and humification rates
of the soil carbon are explained in section 2.9.1.

Section 2.9.4: I don’t think there is much mechanistic basis in these model implemen-
tations. And if you have nutrient concentration in leaf, it seems to be logical to include
nutrient effect on plant photosynthesis, at least that’s what the authors did for respira-
tion. Some justifications are needed as to why the authors did not consider nutrient
effect on photosynthesis. There are relationships available to do so (e.g. Walker et al.,
2014).

Yes thanks, this remark makes sense. We answered in the "General Comments"
section, point #3.

The following section on sensitivity and parameterization test seems thorough, but I do
note that the model was parameterized, so it’s reasonable to see the model simula-
tion matched with observations to some extent. I think it’s more important to test the
sensitivity of the assumptions that determine the CO2, temperature, precipitation, etc.
responses, which is a different suite of sensitivity test. This different suite of sensitivity
test would allow one to really entrust the model mechanisms to predict future climate
change impact.

Yes we agree with this remark. However, we stress that, apart from the soil descriptive
parameters (texture, soil depth), the model was not parameterized or calibrated on
each site (L7 p35). Some parameters were obtained from the FR-LBr site and applied
for all the othe stands shown in Figs. 13 (Pm-Vielle, Pm-Pomp21). Most model
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parameters were calibrated from independent experiments not used in the evaluation
tests.

Our sensitivity analysis is the basic analysis expected when describing the first
version published of such model. Its objective is to show how the model responds to its
parameters and climate and how this is affecting the model uncertainty. The sensitivity
tests related to the shape of the response of each process to environmental variables
would have lengthened substantially the manuscript. We plan to publish this analysis
within a GO+ application paper (project Forets − 21 funded by the French Ministry of
Agriculture and project Biosylve funded by the French governmental agency Ademe).

Table 6: why “continued”?

A typo, thanks, removed.

P39, L3-4: You haven’t evaluated how photosynthesis couples/decouples with stomatal
conductance under water stress. I think you need to demonstrate it before you call it a
novelty of the paper.

We agree and have added a new figure (see above and Figure 1)).

P40, L5: there is an extra comma in the citation bracket.

Thanks, corrected.
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3 Specific comments referee#2

page 3, line 4: better explain the mechanisms (sensible heat flux) We add a short
explanation regarding the effect in the boreal zone, the tropical impact of forests being
already explained and referenced.

p3L18ff: you do not consider the life cycle of wood products. Your model can provide
data that could allow such an analysis....

Agreed. We removed the sentence "It should be accounted for in forest models" that
does not bring anything here.

p6L1: "releasing model calculations...": nicely put!

p7l5: "latter" instead of "later"

Thanks, corrected.

p9l1: "is taken" ... " extended *the* use of Eqs" p9l13:

Done.

please be a bit mor ?

In the revised version, the stomatal reduction functions have been developed in Eq.
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13.

p10l5ff: the concept of dynamic layer dimensions is an interesting approach!

We agree, it is essential for including a groundwater table in the root zone.

p11l19: extra space after "presented here"

Done

p13: please make clear what "individual trees" are and what not

We changed the figure 2 legend and text.

p16l17ff: you state that you do not model tree mortality; what about regeneration?
Is this also limited to managed forests (with planting)? You could mention this here
(growth/mortality/regeneration as the major demographic processes).

Sound suggestion, thanks. We change this section into "Regeneration and Mortality"
and explained how regeneration is prescribed in GO+.

And what is the "carbon balance of individual trees"??? The carbon balance of indi-
vidual trees is calculated at the end of the year as the difference between its annual
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carbon gain, GPPi, and annual carbon loss, Rmi + Rgi.

GPPi −Rmi −Rgi (1)

We have added a short explanation in the text.

p17l27: double ".." Corrected.

p19l10: it is not clear what the "number of trees felled" means. How does the number
of trees change in the model? By management (thinning, final cuts), right? How is that
related to the mortality of trees? You see, I am confused.

Sorry for that ! We changed this to "the number of cut or dead trees". The number of
trees is continuously changing by mortality and regeneration. The mortality is mainly
caused by the cutting of the stems harvested during thinnings or clearcutting and to a
possible negative carbon balance of some individual trees.

p20 Fig5: please add explanations for the pools (DPM, RPM, ...) in the caption. There
is a stray label ("L2") in the figure. Captions (e.g. "Long", "Beech" are way too big - or
the other text labels are way too small.

The figure was redrawn.

p22l12: maybe use a different term instead of "verification". Maybe something like
"testing conservation principles"?
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See above.

p26/p27: in my opinion the discussion of results of the sensitivity analysis is too long
and too verbose. It is meaningful to have such an analysis, but it is just limited what
can be derived from such a general +-10 % approach.

We shortened the text by 25%.

p27Figure7: spell out abbreviations or refer to some table.

We refer now to the tables A1 and S1.

p30l1: How did you select the SDs of the parameters?

When available from their published references. Empirically in few cases

p33l30: "annual increase" instead of "time derivative".

Thanks, corrected.

p34Table 5: Can you add observed/predicted values here?

Yes, done.
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p35 Table 6: remove "continued"

Done

p35l10: the sentence is duplicated ("The random errors...") Thanks, corrected.

p36 Table 7: Is this analysis useful? It does basically say that the model is able to
discern between summer and winter. I think this is a candidate for shortening the
paper

This analysis shows how the model error behave at a range of time frequencies. We
agree that some frequencies reflect mainly obvious variations, e.g., the season, but
find also useful to show how unsystematic errors tend to cancel out at low frequency.

p39l17: Remove the "the" after GO+

Done.

p39L22: confused again. How do you simulate the dynamics of size distribution??

The size distribution of the regenerating stand is prescribed. Each forest operations
or self thinning is then selecting trees to be removed either from the top , the bottom
or randomly. The natural death of trees provoked by a negative carbon balance may
also affect either the bigger trees, the smaller trees or be random depending on the
species-specific ratio between leaf area and respiring biomass.
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p40L1: not true. There are gazillions of forest management practices that are not
covered. What about single tree selection approaches or other spatial explicit small
scale interventions? What about everything related to mixed forests?

See our reply in the General Comments section 1.

p40l28: "Model performance"

New paragraph created

p45: Leaf area is m2/tree, not m-2/tree.

Thanks, corrected.

same for BA. LAI is m2/m2, not m-2/m2. Stem volume is m3, stocking density is
stems... this page is a bit messed up.

We agree, there was several typos here. We made all the corrections.
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figure1.png

Fig. 1. Modelled response of the stomatal conductance (left) and light-saturated photosynthesis
(right) to decreasing leaf water potential at three levels of air water vapour saturation deficit, δew:
(A) 500 Pa, (B) 1500 Pa, (C) 3000 Pa. The response curves delineates the range of response
of four tree species for atmospheric concentrations in CO2 varying between 410 (full line) to
820 ppm (dashed line). C22
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figure2.png

Fig. 2. (Revised version of the original Figure 3 of the main manuscript). Changes in the soil
organic carbon stock during the regeneration phase following a clear-cut of a maritime pine
stand as simulated by the GO+ model with and without adaptation for soil preparation (full and
dotted lines respectively) and measured in the field (grey dots). Data taken from Jolivet (2000).
The numbers inset in black dots refer to the forest operation. 1: Clear-cutting and logging; 2:
Heavy disking; 3: Stump removal; 4: Cover crop; 5: Tillage; 6: Vegetation crushing.
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