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We thank both reviewers for their comments and are grateful for the opportunity
to respond. In the following pages, we have answered reviewer #2’s questions
and proposed how we will address their comments if given the opportunity to
revise our manuscript.

Reviewer #2

General comments

Introducing a prognostic nutrient cycle, here the nitrogen cycle, into a land surface
model (LSM) is a challenging task. As the importance of nutrient limitation on produc-
tivity has been clear for a while and we have gone from one LSM with an N cycle in
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CMIP5 to several in CMIP6 this is a step all LSM are taking. So for undertaking this
task and finishing an LSM that have included all the major N related processes I con-
gratulate the authors. The paper goes through the steps they have taken to incorporate
the N cycle processes and show how it behaves during several historical simulations
where either all external factors (changes in [CO2], climate, N deposition, LUC, N fer-
tilisation) have been switched on or individual factor have been investigated separately.
These simulations have then been analysed on a global scale over the historical period
and the authors have come to the conclusion that the model responds to these forc-
ing’s are consistent with the conceptual understanding of the coupled C and N cycles.
To be able to make such a statement I would expect a more thorough analysis of the
model behaviour and also a more sophisticated representation of several of the C-N
processes. This is also something you state at the end of the manuscript that many of
the processes that have been incorporated have flaws and needs further development.
As C-N models have been around for some 30 years now (e.g. Parton et al. 1993) it is
a little disappointing that these development hasn’t been done before the model goes
into publication.

We thank David Wårlind for his critical comments. Inclusion of N cycle in a land
surface scheme is a challenging task, as the reviewer himself notes. Modelling
is always done in increments. Models become complex over time due both to
increased scientific understanding of the processes (contributed by the broader
scientific community) and an improved understanding of the models’ behaviour
themselves. We respectfully disagree that a model structure and processes
should be as complex as possible at the early stages. Instead, we believe that as
long as the broad conceptual structure of a model is reasonable and its limita-
tions are addressed, it lays the groundwork for further model development. For
example, the wide variety of climate models out there has been illustrated as a
healthy aspect of the community. In contrast, if all models were to be based on
the same parameterizations there would be very little model diversity.
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The first thing I miss is a real analysis of how large or small the N limitation actual is in
the model. We get no number on how much GPP is limited by N limitation and noth-
ing about if some regions are more limited than others (which we get for the implicit
P limitation, Figure 11b). The only comparison we get is between the ORIGINAL and
ORIG-UNCONST of 22 Pg C / yr for the period 1998-2017 (figure 5a). ORIGINAL rep-
resent N limitation with a globally fixed downregulation of GPP of 6% (line 258), hence
the same N limitation everywhere. In lines 260-264 you then state that ORIGINAL is
capable of simulating the realistic geographical distribution of GPP that partly comes
from the specification of observation-based Vcmax rates. So it is actually Vcmax rates
that give the correct GPP distribution. How has the geographical distribution of GPP
changed with the N cycle? Latitudinal differences between the new model and ORIG-
INAL is depicted in Figure 11a where they are very similar. How do I know that the
new N cycle limitation on GPP is different from ORIGINAL and N limitation isn’t similar
everywhere as it is for the ORIGINAL version? I would like to see some kind of analysis
of how strong N limitation is in the new model and how the geographical distribution is
to be sure that N limitation on GPP is strongest in areas that we expect it to be. This
could either be done by turning off the N influence on GPP or in an experiment where
you add a huge amount of N everywhere and see where this addition of N has an effect
on GPP. In areas of low N limitation, this additional N input shouldn’t affect GPP, but in
areas of strong N limitation, it should.

While the manuscript shows the effect of N limitation at the global scale on re-
alized GPP (in Figure 5, the GPP increase in the FULL simulation is 14.5 PgC/yr
compared to 35.6 PgC/yr in the ORIG-UNCONST simulation), we agree with the
reviewer that showing the geographical or zonal distribution of N limitation will
be helpful for readers. A small caveat here is that the unconstrained GPP also de-
pends on specified Vcmax rates so if original Vcmax rates are too low or too high
the GPP ratios will reflect that. Regardless, we agree that such a plot will be help-
ful and we will add it when revising our manuscript. Also, as the reviewer noted,
in the original version of the model, parameterized downregulation is specified
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as a constant globally.

In regards to whether correct geographical distribution of GPP in the original
model comes from specification of Vcmax, we would like to emphasize that this
is not completely the case. Specified Vcmax rates for the 9 PFTs in CLASSIC
vary by only about 2 times, from about 35 to 75 u-mol CO2 m-2 s-1, whereas
GPP in the model varies from zero in the Sahara desert to about 3000 gC m-2
year-1 in the Amazonian rainforests. As already mentioned in the manuscript,
the climate still plays a primary role in determining geographical distribution of
GPP. This is additionally corroborated by Figure 1 (at the end of this response)
which shows geographical distribution of GPP for the period 1998-2017 from the
FULL, ORIGINAL, and ORIG-UNCONST simulations.

I’m also very disappointed that you have decided to do the study without activating
competition between PFTs for space (line 170-171). Not many models have this feature
and it would be very interesting to see how the inclusion of C-N interactions would
influence the PFT distribution. Also if the distribution and competitive strength between
PFTs changes with the N cycle it might be that you need to reparametrize some of N
cycle to get an acceptable result, resulting in that your results here are not valid for
simulations with active competition.

As mentioned above, modelling is a challenging exercise. This is especially true
when there are multiple interacting processes. For example, the response of a C
cycle model without N cycle interactions, to any perturbation, is relatively easier
to interpret than when C and N cycles are interactive. The reason we performed
multiple simulations and perturbed the model with only one forcing at a time was
to be able to interpret the model behaviour in a straightforward manner. While
interesting, had we turned on the competition between PFTs we would have had
to run simulations with and without competition to evaluate the model response
to a given forcing without interacting feedbacks from competition between PFTs.
However, we plan to perform such an analysis in future.
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I also understand it as you have no upper limit to tissue C:N ratios. As tissue C:N ratios
are already strongly influenced by historical [CO2] increase (figure 8, Section 5.2.1)
I wonder how an RCP8.5 scenario would affect it, as it has a much higher [CO2]?
As immobilisation is highly correlated to litter C:N ratios, then with higher C:N ratio
immobilization will increase. What happens if the NH4 and NO3 pools can’t meet the
immobilisation demand in a future [CO2] rich world?

This issue is raised by reviewer #1 as well. Indeed, we have upper C:N ratios
for leaves, stem, and root components for all model PFTs. Over the simulated
historical period, however, these thresholds are generally not crossed. When a
given plant component of a PFT reaches this threshold then at the next model
time step GPP is constrained to limit the C:N ratio of newly sequestered biomass
such that it doesn’t exceed the max C:N ratio. We missed to mention this aspect
of the model and will report the upper C:N ratio limits and details of this pro-
cesses in the revised manuscript.

In lines line 925-927 you state that with the increase in litter C:N ratios over the his-
torical period litter decomposition rates decreases. Is this due to the increased immo-
bilisation? How does the decrease in decomposition rates work and how much has it
increased the soil C pools and where, as was stated in the same section?

It seems these lines in the discussion section were misinterpreted. Making litter
decomposition rates a function of litter C:N ratio was mentioned as a proposal
for a future version of the model. This is not something that we have already
done.

You state that your litter plus soil C is in the right ballpark compared to Köchy et al.
(2015), but your geographical distribution of C is way off if compared to Köchy et al.
(2015). How does it come that you have a similar amount of soil C in tropical areas
as in boreal regions? Like the forested boreal regions of Russia should have a much
higher soil C content than e.g. the amazon. It seems that litter and soil C is very much
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dictated by GPP (litter input) and not any soil processes (decomposition rates should
be much slower in cold regions).

Similar to several other models the current version of CLASSIC does not yet in-
clude permafrost related C cycle processes and peatlands. Work is underway
to include both these processes to improve soil C estimates. Of course, the N
cycle rides on top of the C cycle model so any limitations in the C cycle pro-
cesses also appear in the model when C and N cycle processes are coupled.
Comparing Figure 1 and Figure 4 of Köchy et al. (2015) the areas with high soil
C amounts are also those which are identified with histosols soils which are
rich in organic matter. In addition, the observation-based data sets of soil car-
bon show considerable mismatch amongst themselves and with ground truthing
data as a recent Tifafi et al. (2018) paper shows. The largest difference between
observation-based data sets is in boreal regions where differences are related to
large disparities in soil organic carbon concentration. We will clarify this when
revising our manuscript.

Also your assumption of a constant soil C:N ratio (line 901-902) is not in line with Köchy
et al. (2015) estimates.

This statement is unclear since Köchy et al. (2015) paper doesn’t mention nitro-
gen in any way. Regardless, we do mention in our manuscript that our assump-
tion of constant C:N ratio (13 in our case) is the same as some other models
and broadly consistent with Zhao et a. (2019) (for most land the values in their
Figure 2h vary in the range 10-15, and hence the orange and yellow colours at
high latitudes). But as already mentioned in the text, this remains as an assump-
tion and we will discuss its implications in more detail including that it is this
assumption of constant soil C:N ratio that yields the desired downregulation of
photosynthesis in our model.

In lines 908-910 you mention the idea that soil C:N ratio should be dependent on PFT,
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I would say it should mostly be influenced by litter input C:N ratios.

This statement was made in the context of using PFT dependent fixed soil C:N
ratio rather than using the number 13 for all PFTs. In the same sentence we
argued that a choice of a value different than 13 or had we chosen PFT-dependent
values are of relatively less importance since the model is spun to equilibrium
for 1850 conditions anyway. In a framework where soil C:N ratio is modelled
dynamically and in the real world, of course, soil C:N depends on C:N ratio of
litter inputs and immobilization.

Including a BNF representation in an LSM is one of the trickiest parts. There is no
real good way of doing it that I have seen in any LSM. Most LSMs use some kind
of empirical relationship which you can parameterise to get global BNF number in
the right region compared to estimates. So my personal opinion when it comes to
modelling BNF is then to get the right BNF response to different kinds of manipulations.
One being that BNF should decrease as you add N to the system according to the
metaanalysis of Zheng et al. (2019). You mention on lines 898-900 that the BNF
formulation will be revised. Make sure then to capture the right responses to changing
conditions.

Thank you for raising this point and we agree with your assessment of how BNF
is modelled across models. Unfortunately, like several other processes in terres-
trial ecosystem models, BNF remains parameterized. As the land component of
the Canadian Earth System model, CLASSIC is continuously under development
and when BNF parameterization is revised we will ensure that BNF decreases
in response to N input and increases in response to increasing CO2 as meta-
analyses suggest.

Specific comments

L48-50: “Over land, the uptake of carbon in response to increasing anthropogenic
CO2 emissions is driven by two primary factors, 1) the CO2 fertilization of the terres-

C7

trial biosphere, and 2) the increase in temperature, both of which are associated with
increasing [CO2].” – How about water? How do you say that these two are the pri-
mary factors? What do you base it on? Later you write that photosynthesis can’t occur
without water or nutrients.

This statement was made in the context of the current land C sink and not in con-
text of photosynthesis in general. We, however, see how this can be confusing
and will revise this part of the text accordingly.

L68-72: “McGuire et al. (1995) define downregulation as a decrease in photosynthetic
capacity of plants grown at elevated CO2 in comparison to plants grown at baseline
CO2, although the rate of photosynthesis for plants grown and measured at elevated
CO2 is still higher than the rate for plants grown and measured at baseline CO2.” – This
sentence doesn’t make any sense, and you try and explain why in the following part of
the section. But why have this at all. Why not give a proper definition of downregulation
directly?

Agreed. We can reword this sentence to define downregulation directly and then
mention the McGuire et al. (1995) reference beside it.

L81-83: “Comparison of land and ocean carbon uptake in C4MIP studies (Friedling-
stein et al., 2006; Arora et al., 2013, 2019) indicate that the future land carbon uptake
across ESMs varies widely and more than three times as much for the ocean carbon
uptake.” – Revise this sentence as it is unclear.

Noted. We will revise this sentence.

L162-164: “The biogeochemical module of CLASSIC uses this information along with
air temperature to simulate photosynthesis and prognostically calculates amount of
carbon in the model’s three live (leaves, stem, and root) and two dead (litter and soil)
carbon pools.” - Do litter and SOM exist in each soil layer or only in one total pool
each? And am I assuming right that each fractional vegetation cover (needleleaf trees,
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broadleaf trees, crops, and grasses) has their own litter and soil C and N cycle? Not
really clear in the manuscript.

Individual PFTs present in each grid cell have their own prognostic litter and soil
C pools and we will clarify this. These two pools, however, are not yet tracked
per soil layer. This work is in progress.

L211-213: “Finally, root biomass is used to calculate rooting depth and distribution
which determines the fraction of roots in each soil layer” – How does the fine root
distribution between soil layers affect the N uptake capacity?

The model doesn’t make the distinction between fine and coarse roots and only
the total root biomass is simulated. Fraction of fine root biomass is, however,
diagnostically calculated as a function of total root biomass using equation A5.
For calculating N uptake only the fine root biomass is taken into consideration in
equation A6 and not its distribution across the layers. We will clarify this when
revising our manuscript.

L232-259: The whole section on how the parameterizing of the downregulation of pho-
tosynthesis with increasing [CO2] for emulating nutrient constraints has been done is
not needed as I guess it is described elsewhere.

We will shorten this part of the text considerably but feel that it does provide the
reader an idea of how downregulation is parameterized in the original model.

Section 3.1: Whole section (Eqn 4-14) is more or less redundant as it is described in
figure 2. Figure 1 is also redundant as it is present in figure 2. Better to have all eqn
and description in the appendix here as they are the interesting part of the manuscript.

Thank for you this suggestion that is also made by reviewer # 1. We will remove
Figure 1, move budget equations to the appendix and description of primary
processes to the main text as we reorganize our manuscript following both re-
viewers’ comments.
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L421-423: “The modelled differences in PFT specific values of Vcmax, in our frame-
work, come through differences in simulated NL values that depend on BNF, given that
BNF is the primary natural source of N input into the coupled soil-vegetation system.”-
Over time BNF is the main source of N to the system, but for growth in a single year/day
SOM mineralisation releases much more N (figure 3a vs 9a).

Yes, the distinction here is in input versus cycling of N in the coupled plant and
soil system. We will revise the text accordingly.

L449-451: “The simulation for the pre-industrial period uses forcings that correspond
to year 1850 and the model is run for thousands of years until its C and N pools come
into equilibrium.” -

This question was also raised by reviewer #1. Global thresholds of net
atmosphere-land C flux of 0.05 Pg/yr and net atmosphere-land N flux of 0.5 Tg
N/yr are used to ensure the model pools have reached equilibrium. When mod-
elled fluxes are less than these thresholds, model pools vary very little over time.
We will mention these in the revised manuscript.

How is the initial zero N world handled in the beginning of the spinup?

The initial spin up in the zero N world was handled by turning off the plant N
uptake and other organic processes, and using specified values of Vcmax, i.e.
only the inorganic part of N cycle was operative. Once the inorganic soil N pools
had built up the organic processes were turned on. We will mention this when
revising our manuscript.

Have you considered any approaches to speed up the spin-up? One approach could
be to decouple the SOM pool module with constant saved litter input and soil conditions
and run it for a standalone spin-up.

We do have an accelerated spin up procedure where the sum of all inputs and
outputs which modifies a pool is multiplied by a factor. This procedure is, how-
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ever, used only for the pools with the longest of turnover times such as soil
organic matter and the inorganic N pools. We will mention this when revising
our manuscript.

L490-492: “Finally, a separate pre-industrial simulation is also performed that uses
the same Γ1 and Γ2 globally (FULL-no-implicit-P-limitation). This simulation is used to
illustrate the effect of neglecting P limitation for the broadleaf evergreen tree PFT in the
tropics.” - Not only the tropics that is P limited (Du et al. 2020)

Yes, this is true that there are other regions of the world where productivity is
limited by phosphorus but, of course, the tropics are the regions where produc-
tivity is limited the most and we have addressed this by using a smaller value
of Γ2. We will clarify this when revising our manuscript. As we develop confi-
dence in our model, in future we will include phosphorus cycle in our modelling
framework as well.

L621-623: “This results in a slight increase in vegetation and leaf N mass (Figures 6a
and 6b) and the NH4+ (Figure 6e) pool which is the primary mineral pool in soils under
vegetated regions.” - How can it be that we have a total pool of NH4 and NO3 of around
4 Pg N (figure 6) at the end of the year and N demand of 1.5Pg N (figure 7). How can
there be any limitations?

There are two aspects to be considered here. First, is the mismatch between
where the pools are high and where the vegetation grows and N is needed. For
example, the NO3 pool is very high in the dry arid regions of the world where
no vegetation grows. Second, even if there is sufficient N available in pools at
a given location the rate of uptake determines how much N can be taken up. N
demand has to be weighed against the rate of uptake not the size of available
pools. We will clarify this subtlety when revising our manuscript.

L635-638: “The increase in GPP due to changing climate increases the N demand
(Figure 7a, magenta line) but unlike the CO2-only simulation, the plant N uptake in-
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creases since the NH4+ and NO3- pools increase in size over the vegetated area in
response to increased BNF (Figure 3a, magenta line).” - BNF increases with 5.3 Tg N
/ yr whereas net N mineralisation increases with 35 Tg / yr. Why do you address the
increase in plant N uptake to BNF and not increases in net mineralisation?

Thank you for noticing this. Yes, mineralization also contributes to increased
plant N uptake in the simulation with changing climate. We will reword this sen-
tence accordingly.

L644-646: “The litter C:N, in contrast, shows a small increase since not all N makes
its way to the litter as a fraction of leaf N is resorbed from deciduous trees leaves prior
to leaf fall (Figure 8e).” - This needs a better explanation. Is the resorption fraction
dynamic or is the deciduous PFT more dominant (competition between PFTs turned
off, sadly)? Don’t understand how this can happen.

The cold deciduous broadleaf and needleleaf PFT covers a substantial fraction
of the vegetation area (around 16 out of 84 million km2 in our land cover data,
so around 19%). The resorption fraction is not dynamic but specified as 0.54
(Table A1) for deciduous PFTs so a lot of N gets resorbed. The result is that
although the leaf C:N ratio decreases in the CLIM only simulation, in response
to increased BNF and increased mineralization, the C:N ratio of litter increases,
since the decrease in C:N ratio of leaves is not large enough to overcome the
effect of resorption. We will clarify this when revising our manuscript.

L676-679: “An increase in crop area over the historical period results in deforestation
of natural vegetation that reduces vegetation biomass but also soil carbon mass, since
a higher soil decomposition rate is assumed over cropland area (Figures 5b and 5d),
consistent with empirical measurements (Wei et al., 2014).” - How is this modelled?
Needs an explanation. How do fig 5b and 5d show that the decomposition rate has
increased? Litter input has maybe decreased but decomposition rates changed?

The increased soil decomposition rate over croplands is modelled via a higher
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soil carbon decomposition rate to account for tillage. In Figure 5a the GPP in
the simulation does not change substantially from its pre-industrial value so a
decrease in GPP and thus NPP is not the cause of decrease seen in soil carbon
in the LUC+FERT only simulation (Fig. 5d). Vegetation carbon in the LUC+FERT
only simulation (Fig. 5b) decreases because of deforestation associated with
land use. Despite this increased litter input into soils associated with defor-
estation, soil carbon decreases because of increased soil carbon decomposition
rates as cropland area expands. This is by design to simulate the effects of land
use and cover change.

L714-717: “The increase in global NH4+ mass (Figure 6e) in the FULL simulation is
driven primarily by the increase in fertilizer input while the changes in NO3- mass are
the net result of all forcings with no single forcing dominating the response.” – This
needs to be different for Crop and Natural tiles. Needs some discussion.

Yes, this is indeed different for fractions of grid cell covered with cropland and
natural vegetation and this insight is gained by comparing LUC+FERT only sim-
ulation (green line) with the FULL simulation (red line) in Figures 6e and 6f. This
was indeed the purpose of doing simulations perturbed with only selected forc-
ings at a time to be able to understand the model response. We will clarify this
when revising our manuscript.

L720-723: “The increase in the C:N ratio of vegetation (Figure 8a) and its compo-
nents (leaves, stem, and root) is driven primarily by an increase in atmospheric CO2.
Changes in litter C:N in the FULL simulation, in contrast, do not experience dominant
influence from any one of the forcings.” - This needs some kind of explanation. How
can this happen? Same as for L644-646.

We agree that just like lines 644-646 this needs additional explanation. The rea-
son that litter C:N doesn’t show large changes here can be inferred from Fig-
ure 8e. While the litter C:N does indeed increase in the CO2-only simulation as
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would be intuitively expected, in the full simulation it doesn’t increase as much
because it is compensated by the decrease over croplands (see green line in
Figure 8e) due to increased fertilizer input. We will clarify this when revising our
manuscript.

L723-726: “The simulated change in net N mineralization (Figure 9a) in the FULL
simulation, over the historical period, is small since the decrease in net N mineralization
due to increasing CO2 is compensated by the increase caused by changes in climate,
N deposition, and fertilizer inputs.” - Has to be a large difference between Natural and
Crop tiles. Needs to be shown.

This is actually shown using our different simulations. The purpose of doing
LUC+FERT-only simulation is indeed to highlight the changes over crop area.
Figure 9a clearly shows that mineralization increases in CLIM-only, NDEP-only,
and LUC+FERT-only simulations and decreases in CO2-only simulation. The net
result of all these forcings is that in the FULL simulation mineralization doesn’t
change substantially compared to its pre-industrial value.

L844: “The response of our model to elevated CO2” - Very hard to draw any conclusion
in respect to elevated [CO2] from your experiments. Elevated [CO2] is usually referred
to as a CO2 concentration that is higher than the present.

We assume you are referring to the subtlety between the “historical increase in
CO2” which is gradual and “elevated CO2” in FACE experiments in which CO2 is
instantaneously elevated. We will reword this sentence.

L865-867: “Soil carbon mass, however, decreases (despite increase in NPP inputs)
since warmer temperatures also increase heterotrophic respiration (not shown).” – I
wouldn’t call a decrease of 0.4 Pg compared to a total pool of 1074 Pg a decrease. To
say that you get a realistic response.

Small misinterpretation here. You looked at the results from the full simulation
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in Figure 5d to infer the changes in soil and litter carbon pool in response to
change in climate. Whereas this sentence refers to the CLIM-only simulation
in which soil carbon decreases by 6.8 Pg C. We will clarify this when revising
our manuscript. While not a large decrease (since NPP inputs also increase
somewhat in the CLIM-only simulation) the change is of the right sign which is
what we were implying. We will reword this sentence.

L986-990: “For simplicity, we assume fertilizer is applied at the same daily fertilizer
application rate (gN m–2 day–1) throughout the year in the tropics (between 30 S and
30 N), given the possibility of multiple crop rotations in a given year. Between the 30
and 90 latitudes in both northern and southern hemispheres, we assume that fertilizer
application starts on the spring equinox and ends on the fall equinox.” - Using hard
limits in a model like this will create problems. Wouldn’t it be possible to do this a little
more prognostic? Base it on PFT distribution and productivity? Changing climate?
Having a fixed limit like this won’t adapt to a changing climate.

Yes, of course, it is possible to make fertilizer application rules more realistic by
making them country specific or developing a parameterization that would apply
fertilizer as a function of climate. However, the problem here is that whatever
parameterization one comes up with, care has to be taken that the annual amount
of fertilizer that is read from the input file for a given year is indeed applied. Fixed
application dates make it easier ahead of time to figure out how much fertilizer
is to be applied each day. A parameterization with prognostic start and end days
will have more technical difficultly because it is not known ahead of time when
the fertilizer application will end. Since the purpose of this first attempt at N cycle
in CLASSIC is to ensure that correct amount of fertilizer, as read from input files,
is indeed applied a simple approach is more robust.

L1000-1001: “The modelled plant N uptake is a function of its N demand. Higher N
demand leads to higher mineral N uptake from soil.” - So it is independent on the
amount of roots?
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Some misinterpretation again here. There are two types of plant N uptakes. Pas-
sive N uptake depends on inorganic N amounts in the soil and plant water uptake
through transpiration. In our model, plants have no control on this N uptake. If
plant N demand cannot be met via passive N uptake, active N uptake kicks in
and this depends on fine root biomass (Section A2.3). So in summary, plant N
uptake depends on the demand but its active component depends on fine root
biomass. We will ensure to clarify this even more when revising our manuscript.

Section A2.6: What are the decay rate constants for litter and soil pools? Have they
changed after the inclusion of the N cycle?

The decay rates of litter and soil C are described in the C cycle part of CLASSIC
(Melton and Arora, 2016) and as mentioned in the discussion section, they are
yet to be made as a function of C:N ratio of litter and soil C (though the soil
organic matter’s C:N is fixed anyway). We will make this even more clear.

Section A3.3: Shouldn’t the amount of NO3 in the bottom layer be estimated in a similar
manner as for nitrification/denitrification/volatilization? Denitrification assumes that all
NO3 is in the top 50cm.

It seems the reviewer is referring to nitrogen leaching (since he refers to Section
A3.3). While the model uses the soil temperature and moisture from the top
50 cm soil layer for nitrification and denitrification it still uses the entire pool
size. For leaching, it would be unrealistic to assume a distribution of NO3 in soil
and use NO3 only from the bottom layer for leaching. As water enters from the
top and leaves at the bottom of the permeable soil layer all NO3 is available for
leaching.

Figure 5d: How is the split between litter and soil C? Figure A.1: Explain what the two
lines represent

We will mention the split between litter and soil carbon when revising our
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manuscript. Typically, litter amount is around 80 Pg C out of the total 1100 Pg C
of soil C and litter combined. As Figure A1 caption mentions, the thin lines are
the annual values and the thick lines are their 10 year moving averages.

Table A1: Header text is unclear

Thank you. We will reword this text.

Technical corrections

L511: “FIRE-only” – remove. L779: remove “two”

Thank you for catching these.
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