
Response to Reviewers’ Comments

November 23, 2016

1 Reviewer #1

We thank the reviewer for his/her constructive and helpful comments. Below, please find
our point-by-point response (in blue color).

• The state of current knowledge of the individual mechanisms (carbon pumps, gas and
particle transfer, biophysical) is well documented from the recent literature. However,
to better convince the reader of the actual need to include more PFTs in ESMs, it
would be nice to include a section on the sensitivities to the most common stressors
(temperature, pH, oxygen).

We would like to stress that it is not our primary goal to includemore PFTs but rather
to account for those that aremost important for the climate system. Furthermore, we
suggest to strive for higher mechanism diversity rather than more PFTs. Concerning
the sensitivity to climate stressors, we agree that these aspects are relevant and have
thus included them in a new section “What are the future impacts” of the revised
version of the manuscript.

• Lines 79-81 state that marine calcifiers are needed as a functional group to correctly
simulate alkalinity fields. This is a strong statement, which may need to be modified
and/or explained in more detail. Model simulations including calcification as part
of phytoplankton production have shown difficulties in accurate alkalinity represen-
tation, because of small biogeochemical effects compared to large circulation signals
(e.g. Koeve et al. GMD 2014). Therefore, the expression ’correctly’ is probably over-
stating what models are presently able to reproduce. Furthermore, the text reads
as if one PFT would allow representing ocean calcification as a whole and (if at all)
current models are including phytoplankton calcifiers based on coccolithophorids.
However, the inclusion of aragonite producers (Gangstoe et al. BG 2008) showed
that shal- low calcite dissolution and thus alkalinity fields could be better simulated
compared to pure consideration of coccolithophorids. Other calcifying organisms
such as corals and foraminifera may play equally important roles in different ocean
regions. Because of the very different organisms, probably contributing comparable
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amounts to global calcification, some more critical discussion if/how this could be
solved by a single PFT would be desirable.

We fully agree that calcite and aragonite and the key organisms involved in the alka-
linity dynamics need to be distinguished if the focus lies on the marine carbon cycle.
Among the calcifiers, coccolithophores, however, are the most important group and
mainly responsible for the vertical gradient in alkalinity. Other calcifying organism
groups have been shown to be regionally important or are indeed assumed to be
highly relevant for aragonite but only marginally for climate dynamics. From a cli-
mate perspective, the gain to represent calcifiers by more than one key group might
be relatively small unless regional ESMs are applied; we are not aware of any study
showing the added value with respect to climate relevance. Most importantly, the
vertical alkalinity gradient needs to be generated; the carbonate chemistry should be
represented in ESMs. With one additional key group, the calcifiers, represented by
coccolithophores these basic features of the alkalinity pump will be achieved. We have
extended the discussion in the subsection “M1 - biogeochemical pumps” to clarify
this issue in the revised version of the manuscript.
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2 Reviewer #2

We thank this Reviewer for his/her comments – we are reassured now that it is necessary
and high time to stimulate a discussion about a more biological perspective on Earth
System modeling. Below, please find our point-by-point response (in blue color).

• The present draft tries to cover too much and ultimately achieves little. It is con-
cerned mainly with special pleading for more consideration of a few processes in
which the authors have invested time and developed expertise, but does not make a
strong case for why these processes, and not others, should be given more attention
by the ESM community.

In our manuscript we clearly state that we are interested in the biologically-driven
mechanisms that are relevant for the climate and involve feedbacks among the dif-
ferent Earth system components. We provide a general framework for including the
most important of these mechanisms in ESMs. This framework can persist even if
new biological climate-relevant mechanisms are discovered. We completely revised
our introduction and substantiated our choice of mechanisms.

• The English is poor. If at all possible the authors should enlist a colleague entirely
fluent in English (preferably a native speaker) to help refine the MS before resub-
mission. In such a commentary (vs a primary scientific contribution) attention to
the details of language is particularly important. (Note also that terms like ’albedo’
and ’radiative forcing’ are used in a naive fashion. The latter in particular is often
contentious and needs to be used (if at all) in a manner consistent with its usage in
the existing literature.)

We fully agree that a clear language is important in scientific communication. How-
ever, the reviewer does not specify where clarity is missing in the text. Concerning
the terms “albedo” or “radiative forcing”, we are well aware that these two terms are
used differently in the different communities or studies (see e.g. Chung and Soden,
Environ. Res. Lett 10(7) 2015). Yet, the reviewer does not elaborate in which way
we use these two terms in a “naive fashion”.

• The paper considers the need both for additional biological processes and more focus
on the coastal zones, but does not make a strong case for either. Ocean circulation
is taken for granted and the technical challenges of resolving the nearshore in global-
scale models are not considered. The spatial resolution required to resolve ocean
circulation e.g. in the North Sea is such that running models at global scale with
this resolution is simply not possible. Nesting, downscaling and adaptive grids are
all approaches that can be used in complementary ways to fill information gaps, but
there is no discussion in this commentary of the literature on these topics. Embed-
ding in existing global scale circulation models models of biological processes that
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we know to be important in coastal zones achieves nothing (garbage in - garbage out).

Again this comment is very vague. We would like to stress that it is not our goal
to discuss general deficiencies in ESMs like circulation patterns but rather to look
at the representation of climate-relevant mechanisms induced by the marine biology.
Consequently, we do not aim at reviewing or summarizing all issues related to the
representation of coastal zones in global models and the approaches to overcome
them. Instead, we present our view on future needs of ESMs with respect to the
representation of marine biology relevant in climate simulations. Also, it is not our
goal to address any technical issues.

• I am reminded of the commentary of Prof. Myles Allen in Nature 425: 242 (2003),
who stated that the “challenge of probabilistic - or risk-based - climate forecasting is
to start saying what changes can be ruled out as unlikely, rather than simply ruled
in as possible”. The current contribution is not concerned with such forecasts, but I
find this statement relevant and instructive. The manuscript offers up a shopping list
of ocean biogeochemical processes that might be important for climate (ruled in as
possible) but lacks clear direction in discussing which ones the authors think should
be given priority. Their criticism of existing practice has a ’straw man’ quality to it,
e.g., on 1/13-15. Who exactly articulated such a strategy?

It is unclear to which part of the manuscript the reviewer is referring to with this
comment and where on page 1 (l.13-15) we criticise a strategy that has not been
articulated. We agree with this statement by Allen (2003) but don’t see the point.
First of all, we provide a general framework with classes of mechanisms (not pro-
cesses - and we clearly distinguish processes and mechanisms, see p.1, line 21ff. and
p.2, line 20ff.) – this framework is not a shopping list. Second, we consider biogeo-
chemical and biogeophysical and not only biogeochemical mechanisms (we clearly
distinguish these 2 types, p.4, line 33ff.). Please also note, that this is a manuscript
submitted to the “Ideas and Perspectives” category, where personal opinions are not
a reason for rejection.

• What are the criteria for a process to be considered globally important? In this essay
there is no discussion of this question that could reasonably be described as quanti-
tative. Processes may be locally important but average to zero globally; nonlinear
rectification effects may be demonstrable but still second order at global scale.

We agree that in general there are aspects that are locally or regionally important
but turn out to be less important on a global scale. Yet, in our manuscript, first of all
we focus on climate-relevant and not necessarily globally important aspects. Second,
we describe for each class of mechanisms in which way the climate system is affected
and provide quantitative or at least semi-quantitative information. Unfortunately,
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the climate effects of the different mechanisms cannot be directly compared. This
would require to implement the mechanisms and to carry out systematic model runs.
However, it is out of the scope of this study since we aim at communicating our

view on which biologically driven mechanisms are climate-relevant and need to be
captured in ESMs.

• The choices for prioritization are unconvincing. N2O, for example, is more or less
dismissed out of hand. The reasons given for dismissing it are incorrect (e.g., Dore
et al. 1998 Nature 396: 63; Lueker et al 2003 10.1029/2002GL016615), and the liter-
ature that shows that it may be an important climate feedback (e.g., Jin and Gruber
2003 10.1029/2003GL018458) is not considered. DMS on the other hand is given
pride of place as an important climatic driver, and more attention from Earth Sys-
tem Modellers is recommended, but recent literature suggesting that it is actually a
second order effect (e.g., Quinn and Bates 2011 10.1038/nature10580) is ignored. The
emphasis on the biophysical effects of changing ocean viscosity is quite perplexing.
It may be true that this is an important climate driver that has been neglected. Or,
more likely, it may prove to be an interesting (if rather esoteric) subject for research,
but of negligible importance for climate. These authors make no effort to explain
why they think it should be prioritized relative to the dozens of other possibilities.

First, we provide references of specific articles to emphasize the importance of the
biogeophysical aspects and kindly ask the reviewer to read them. Second, we would
be very interested in a few examples for “the dozens of other possibilities”. Third, we
would like to stress that the framework, including the three classes of mechanisms,
will persist even if new mechanisms are discovered or turn out to be climate-relevant.
We stress this aspect now more clearly in our revised version. Fourth, concerning
N2O, there is ongoing discussion about the climate relevance of marine sources. We
admit that such discussions also have taken place with respect to DMS and added this
aspect in our revised version. To be consistent, we also now consider the mechanism
of N2O-production.

• One thing the authors could do is make a table of all of the processes they discuss,
and rank their importance in terms of future model development by criteria that
are clearly stated and applied consistently. This might lead them towards crafting a
sound and credible contribution.

We argue that it is important to considermechanism diversity and thus to rank the
classes of mechanisms would be completely in contrast to our idea. In the introduction
of our revised version, we formulated our idea more clearly. Nevertheless, we agree
that it is helpful to describe what is needed most in near future. Thus we introduced
a new section “What needs to be done”.
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3 Reviewer #3

We thank the reviewer for his/her constructive and helpful comments. Below, please find
our point-by-point response (in blue color).

• I can understand the underlying rationale of their selection and I agree with the
proposed mechanisms, although I would stress the fact that the processes that are
being listed under each mechanism may not be exhaustive.

We agree that the processes listed under each mechanism are not complete. Depend-
ing on the level of detail in the description of the mechanisms, the number of processes
varies. We hope that we found a consistent way to include the most contributing
processes for each mechanism. In addition, we completely revised our introduction
and explain the rationale behind our choices of mechanisms.

• Another point of relevance is the role played by coastal processes. The authors seem
to suggest that coastal parametrizations of nutrient supply may be sufficient to cap-
ture the most relevant aspects of the identified feedback-related mechanisms (this is
for instance implemented in PISCES, both for macro and micro-nutrients). However,
the next generation of ESMs is moving towards higher resolutions, which would imply
a better resolution of coastal processes and benthic-pelagic interactions. This would
probably enhance the vertical supply in coastal regions, requiring a continuous read-
justment of the parametrizations. I wonder if this is what the authors are suggesting
as the way forward.

We completely agree that other biologically-driven mechanisms may become impor-
tant, too, if for instance the spatial model resolution is increased. However, we are
confident that the general framework with classes of mechanisms will persist even
if it turns out that more individual mechanisms need to be included. We have ad-
dressed this issue in a new section “What needs to be done” in the revised version.
Concerning technical issues, we have no easy solution to that, since they are not
our focus. One approach could be to adjust the paramterizations to the respective
resolution.

• “: without going into ...” This is a main explanation for the choice of the processes.
I think it would deserve some more words, as for instance some feedbacks may not
be known in general or not completely known to the authors.

We completely revised our introduction section and motivate our choice of mecha-
nisms more clearly.

• The initial sentence implies that the functional group approach may not be adequate
for the description of the system. I cannot see the authors finding any substantial
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counter-argument against this approach in the rest of the manuscript. On the con-
trary, it seems like they are even suggesting a more lumped approach, as for instance
with the use of bulk zooplankton and phytoplankton.

It was not our attempt to criticize that PFTs are introduced. We only regret that
new PFTs are included based on their role in biogeochemical cycles, specifically, the
carbon cycle alone. We rephrased this part to make sure that this is not misunder-
stood.

• The role of dissolved organic matter in the biogeochemical pump has been thoroughly
demonstrated in the field (Hansell et al., 2009, 2012; Kim et al., 2011) and in ESMs
(Patara et al., 2012; Letscher et al., 2015). Particulate organic is only one pathway
of carbon cycling, and likely to be mostly reduced in the anticipated more stratified
conditions of a high CO2 ocean.

We assume that the reviewer is referring to the paragraph where we describe the
classical biological carbon pump and sinking of organic matter. We agree that the
microbial carbon pump is another way to sequester carbon over long time periods.
However, to the best of our knowledge, there is no evaluation of the relevance of this
pump for contemporary climate change. Even a large pool, like the marine RDOM,
will have little impact on the climate system on time scales of some hundreds of
years unless an imbalance between sources and sinks evolves. However, there are no
indications or estimates for that, yet. We thus decided to only discuss this aspect in
our revised version of the manuscript without proposing this mechanism to include
into ESMs.

• There are actually two forms of calcium carbonate with different dissolution rates
used by different organisms. If the emphasis is on alkalinity, then both forms of
CaCO3 (and the relative biological pathways) should be considered or at least indi-
cated why neglected.

We fully agree that calcite and aragonite and the key organisms involved in the al-
kalinity dynamics need to be distinguished if the focus lies on the marine carbon
cycle, as also pointed out in the reply to reviewer #1. Among the calcifiers, coccol-
ithophores, however, are the most important group and mainly responsible for the
vertical gradient in alkalinity. Other calcifying organism groups have been shown to
be regionally important or are indeed assumed to be highly relevant for aragonite
but only marginally for climate dynamics. From a climate perspective, the gain to
represent calcifiers by more than one key group might be relatively small unless re-
gional ESMs are applied; we are not aware of any study showing the added value
with respect to climate relevance. Most importantly, the vertical alkalinity gradi-
ent needs to be generated; the carbonate chemistry should be represented in ESMs.
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With one additional key group, the calcifiers, represented by coccolithophores these
basic features of the alkalinity pump will be achieved. We extended the discussion
to clarify this issue in our revised version of the manuscript.

• There are some inaccuracies in this table. The authors are invited to check the work
by Laufkotter et al. (2015, their Table 1 and 2) to get a complete overview of the
various processes implemented in the current generation of ESMs. In particular,
TOPAZ has parametrized zooplankton and PELAGOS is the only model with sep-
arate bacterioplankton and dynamic DOM cycling (not included in zooplankton).
PELAGOS was used in CMIP5 in the CMCC-CESM model.

Apparently, our table is not very clear. For PELAGOS, we lumped bacterio- and
zooplankton together to avoid introducing an extra column - that is why we added
a footnote. We have again checked all the entries and better arranged them in our
revised version of the table.

• It is a bit dismissive to state that the regions of low oxygen concentration are confined
to the shelf seas. It has been demonstrated that the open-ocean oxygen minimum
zones (e.g. Stramma et al., 2008) are expanding and the biogeochemical cycles of
these gases may be enhanced in a warmer ocean (Wright et al., 2012).

We have completely revised this part and separately discussed the role of the marine
biota in N2O-production and other greenhouse gases.

• The inclusion of cyanobacteria would imply the inclusion of another pathway in the
nitrogen cycle because these organisms are N-fixers. This should be clearly indicated
and the possible interactions with M2 should be provided.

That is true, also other organism groups are involved in mechanisms relevant for the
Earth system which indirectly may affect again the climate. But here we clearly want
to concentrate on more immediate effects, those which alter the global energy (heat)
content and distribution or change the content and distribution of greenhouse gases
or ocean’s turbulent viscosity. Otherwise it is inconsistent with the other mechanisms
or the list of things that need to be considered will become too long. We explained
our focus more clearly in the new introduction section.

• I would tend to disagree that the buoyancy status is one major discriminant in un-
derwater light attenuation by phytoplankton. The current representation of light
absorption in ESM is rather crude and since most of the models listed in Table 1
have now a variable Chl:C ratio, it may be necessary to consider the specific attenu-
ation of chl in various functional groups as this may affect the size of the oligotrophic
regions of the subtropical gyres.
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A variable C:Chl-ratio is certainly a big step but insufficient keeping in mind that
surface buoyant cyanobacteria (and other surface buoyant organisms) can build up
condensed surface mats in the upper 1-2 m with consequences for the heat distri-
bution. This feature cannot be reproduced by only taking into account a variable
C:Chl-ratio.
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4 Editor’s Comments

We thank the Editor for his comments and the “translation” of some of the reviewers’
comments. Below, please find our point-by-point response (in blue color).

• The last point of reviewer#3 is a serious one and should be considered in any case:
“One thing the authors could do is make a table of all of the processes they discuss,
and rank their importance in terms of future model development by criteria that
are clearly stated and applied consistently. This might lead them towards crafting
a sound and credible contribution.” This cannot be easily dismissed. I think the
present manuscript can benefit substantially from what reviewer#3 writes. This
would also protect you as authors from potential similar critics of others. The more
modest critics of reviewer#4 go somewhat into the same direction: “: without going
into ...” This is a main explanation for the choice of the processes. I think it would
deserve some more words, as for instance some feedbacks may not be known in gen-
eral or not completely known to the authors.” I think this refers to your sentence (p
2 l 3-4): “Instead of improving a single mechanism, the idea is to account for ”mech-
anism diversity“, without going into too much detail of one specific process at the
expense of others.” This is so general a statement that it is as such not very useful.
The manuscript must become more concrete here. Rephrasing the one sentence will
not be enough.

We completely revised our introduction to explain our idea more clearly and also
to motivate our choice of mechanisms. Instead of providing a table, however, we
introduced a section “What needs to be done”, where we concretely describe what
next steps are doable.

• Concerning the alkalinity and CaCO3 production issue mentioned by reviewer#2, the
effect of dilution with freshwater or the concentrating effect of evaporation should be
mentioned as well. CaCO3 production/dissolution variations may not lead to large
climate feedbacks on scenario time scales, but can be critical for natural variations
of the carbon cycle and climate and also on feedbacks on the long-term. Therefore -
not only for this CaCO3 related example - , it is crucial to define over which period
and for which problem area the model in question should be applied.

We introduced a new section “What are the future impacts” where we address all
these issues.

• The summary and conclusion section is too concise in my view. How would look
your “dream Earth system model” from a marine biologists view look like concretely?
What would you suggest as next steps? The present statements such as the following
one need to be substantiated by a concrete reasoning: “But in contrast to these
state-of-the-art concepts, we consider important links between the marine biosphere
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and other Earth system components and allow in that way more important feedback
loops to take place. We believe that our framework is better suited to account for
possible changes in the strength of feed backs.”

We like keep the summary and conclusion section concise but we introduced a new
section “What needs to be done”, where we address these issues.

• I suggest that you provide a substantially revised manuscript based on all three re-
views. Please, take all points of the referees thoroughly into account for this revision.

We took all points of the reviewers very seriously and have substantially revised our
manuscript; we would like to stress, however, that our focus lies on biologically

driven mechanisms
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