Dear Dr. Hargraves,

Please find below comments by the executive editor (David Ham) and two reviewer’s comments in
blue, and my response in black. | am very thankful to the reviewers, and in particular for the in-depth
review provided by the second reviewer (Dr. Marcello Vichi), that has much improved the
manuscript.

Yours sincerely,

fhi B

Mark Baird

Executive Editor comment.

This comment addresses the compliance of the manuscript with GMD policy on code and data
availability. The issues raised here must be satisfactorily addressed before a revised manuscript can
be accepted for publication. Thank you for publishing the full source of your model. The one
technical issue is that GitHub, while an excellent development platform, is not a suitable persistent
archive for citable code. Indeed, GitHub themselves tell you this and provide instructions as to how
to obtain a citable archive of a particular release of a GitHub project using their interface to the
Zenodo archivel . Please provide a proper persistent archive of the exact version of the code you are
documenting (the GitHub Zenodo integration makes this very easy).

We will retain the GitHub archive, but have also added an entry in the permanent CSIRO software
collection which has the citation:

CSIRO (2019): EMS Release v1.1.1. v1. CSIRO. Software Collection.
https://doi.org/10.25919/5e701¢5¢2d9¢9.

[email advice from Dr. Ham suggested this would meet the journal’s requirements].

Please also ensure that any files required to run the verification experiments are also archived (it’s
possible this data is already on the thredds server you currently cite, in which case simply making
this explicit would suffice).

Section 13 (Section 11 in the original manuscript) provides the means to download a complete
model system with all forcing and configuration files.

Reply Reviewer #1.

The manuscript provides a compilation of many individuals’ past coding efforts to develop the
EMS. The model, consisting of biogeochemical, optical, and sedimentary components, is within
the scope of GMD and scientifically relevant. Collecting the mathematical descriptions of the
major model components into a single document linked to the model code and User Guide might
improve convenience for EMS users. The authors provide sufficient documentation to reproduce
their results. The language is clear and the presentation is well-structured, though a spellchecker
should be run on the document as there are a number of typos.


https://doi.org/10.25919/5e701c5c2d9c9

Thank you.

Most, if not all, of the material has been previously published in the peer-reviewed literature.
Hence, the material cannot be considered novel, nor does the manuscript represent a substantial
advance in modelling.

As pointed out by the reviewer, a number of individual process parameterisations in the model have
been published before. When these published papers contain complete sections that are exactly the
same as version B3p0, such as the seagrass and coral model parameterisations, we have not re-
derived the model equations, but just included tables of parameter values and equations.

Many of the formulations have not been published before, or have been updated from much earlier
work. But most importantly, some aspect of the model approach only become apparent, and
reproducible, when the entire model is described together.

To summarise the unpublished components (numbering uses original manuscript):
Previously unpublished formulations.

e Preferential ammonia uptake that considers the physical limit to ammonia uptake due to
diffusion to the uptake surface.

e Oxygen balance that includes chemical oxygen demand as well as the oxygen content of
nitrate. This requires new equations for the differing implications for oxygen of anerobic
versus aerobic remineralisation of organic matter.

e The zooplankton grazing on model microalgae that contain the definition of internal reserves
used in EMS

o  Phosphorus immobilisation.

e Gas exchange and equilibrium carbon chemistry — a combination of other studies, but also
adapted to the EMS model structure.

Updated formulations building on previous work.

e Optical model. An earlier manuscript (Baird et al., 2016) described a new optical model that
included some IOPs, but this work much expands the use of mineralogical-based inorganic
particulate 10Ps, as well as an extensive library of pigment-specific absorption coefficients.

e Further expansion of optical implications of benthic habitat, and, in particular, the role of
symbionts (Eq. 212-214).

e Aragonite saturation state -depended coral calcification and dissolution (Table 33).

e Revised calcification rate calculation based on the physiological state of symbionts (Eq. 192)

e Revised phosphorus absorption-desorption model (Section 3.5.3).

e Revised nitrogen-fixing Trichodesmium formulation (Section 3.4).

o Differential breakdown rates of detrital and organic phosphorus when compared to
nitrogen.

e Improved nitrification / denitrification model with new sigmoidal formulation for stability at
the transition between oxic and anoxic conditions.

Novel aspects apparent in whole model description.

e Derivation of planktonic rates using the individual rather than the population.
e Systematic use of geometric descriptions of ecological rates.



e Process-based scientific description so that individual formulations can be easily extracted
for use by other modellers.

e The details of mass balance equations of C, N, P, and O that can be dissolved, contained
within particles, and that are distributed within 3D volumes of water column and
porewaters, and as 2D masses on the sediment-water column interface.

Finally, readers might also find some aspects of the model presentation worth considering. For
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consistently throughout the manuscript. | think this improves readability over a large number of

stoichiometric coefficients.

example, we used integer values for stoichiometric ratios in the equations (i.e.

Because this manuscript represents a collection of previously published work, little effort is
spent explaining why parameterisations are the way they are. While methods and assumptions
may be valid, they are not always clearly outlined.

| don’t think this is a fair comment. The reason the manuscript is so long is because there are
descriptions of why certain formulations were chosen. For example, arguably the most
important functional form in the whole model, relating benthic cover to biomass, has a large
section dedicated to its explanation (beginning of section 6). Another example of a basic
explanation is Fig. 12, the schematic of the growth from reserves.

Nonetheless, the 2" reviewer wanted a more thorough introduction of internal reserves, and
this is now given.

References to the primary literature are given, but the manuscript cannot be understood by a
non-expert reader as a stand-alone document.

Following the suggestion of the other reviewer, three new sections, “Structure of the model
description”, “Presentation of process equations” and “Model stoichiometry”, have been added
at the beginning. These hopefully provide more background for the non-expert reader.

Likewise, the model is given a perfunctory evaluation that includes no discussion of the biases.
More detailed assessments are cited, but the reader of the present manuscript is left with no
real understanding of why the model performs well (and what biases may be due to) in the
examples provided.

| agree the model evaluation is brief. A thorough model evaluation would add much to the
length of the manuscript, and repeat that already undertaken in other work, particularly
Skerratt et al., 2019.

A thorough discussion of systematic biases across ecosystems could represent a major advance
for the model. Included in this meta-analysis should be a description of how the many “not
attributed” parameters (in the supplement) are tuned. Perhaps the authors could even go
further, and address those biases by presenting an improved model.

An analysis of how a single model performs across many environments is an interesting task, and
versions of this have been undertaken by, for example, studying how differing global biogeochemical
models perform in different regions of the world. But the coastal environment, with its multiple
habitat types make this virtually impossible.



Reviewer #2

This is an extremely in-depth review, and | greatly appreciate all of the comments by the reviewer.
When submitting to this journal | was hoping for such a review to help us improve our work. Thank
you so much.

This manuscript offers a description of the Environment Modelling Suite (EMS) developed over
several years in Australia by CSIRO. It is based on a set of existing publications, as well as some on-
line documentation. Despite the limited amount of original material included in this manuscript, |
see the value of its publication, because it would offer a single point entry for new users interested
in approaching such a complex suite. It would also be a supporting reference document for further
scientific applications in other regions.

Thank you.
1 Main comments

| have some major concerns, that | would like the authors to address before resubmitting the
manuscript

1. Itis avery lengthy manuscript, that does not have distinct points of entry.

| apologise for the length. To reduce its size | have placed in the supplementary material components
that lead to the calculation of remote-sensing reflectance, and thus true colour. These are essentially
diagnostic variables, and therefore not necessary for the core model. | have also removed “Model
User” components.

In its current version, it needs to be read sequentially in order to appreciate the various
components. | would suggest the authors to separate the pelagic from the benthic
component, especially because the community of scientists is rather different, and this
would also allow to clarify some aspects of the coupling with the transport processes that
are a bit overlooked. This would help the referees to focus more on the original components
of the model because they would be closer to their expertise, and would provide a more
informed assessment.

It is true that different scientific communities often exclusively model pelagic or benthic processes.
For example, benthic modellers often consider habitats and diversity rather than nutrients. However
the closest model to EMS, the ERSEM model, also describes pelagic and benthic processes in the
same GMD paper:

Butenschon et al., ERSEM 15.06: a generic model for marine biogeochemistry and the ecosystem
dynamics of the lower trophic levels Geosci. Model Dev., 9, 1293-1339, 2016

Also, | would argue that the key innovation of this model, as stated on page 4 line 13 of the original
submission, is:

“the most important consequence of using geometric constraints in the BGC model is the
representation of benthic flora as two dimensional surfaces, while plankton are represented as three
dimensional suspended objects”

This innovation is most apparent when the pelagic and benthic models are described together.

2. Inthe current state, it looks more of a hybrid combination between a user manual, a
scientific model description, a technical report and a summary of model applications. |



would suggest the authors to better clarify their aims and decide which approach is the main
one. In particular, it is not clear how the authors decided to include a full description of
certain aspects, while for others they refer the reader to published literature in toto.

The primary aim of the paper is a scientific model description. The two sections that are referenced
off in toto are the coral and seagrass sections, although the equations are retained. The rationale for
this is that these two sections are described virtually exactly in the journal articles as in the software
version (B3p0), and the journal they are published in, Ecological Modelling, allows full scientific
descriptions.

| have moved two sections that looked ‘code’-like to the supplementary material.

3. Three unique features are listed in the Introduction (pag 6), but it is not clear how innovative
they are with respect to other published works (e.g. Dutkiewicz et al., 2015).

The manuscript splits the unique aspects of the model into two lists, one set derived with geometric
origins (which | would argue is innovative too), and a second more generic list that this comment
refers to (p6). As the reviewer points, the second list involves new equations, but some of them are
approximations when others such as Dutkiewicz have equivalent, and perhaps better solutions. |
have added a brief reference to the approximate nature of these features.

4. |am concerned about the lack of discussion on the model science and what differentiates it
from the other available open-source models. There is a cursory introduction on how the
model differs from other approaches, although they are lumped into being Fasham-like,
which is actually inaccurate, since several models consider stoichiometry and the internal
storage of nutrient and energy (for instance Lancelot et al., 1993,2000; Baretta et al., 1995;
Vichi et al., 2007). Aumont et al., 2015 and Butenschoen et al 2016 are indeed referenced,
but to remark the need for thorough description of models).

New section in the Discussion added: “Comparison with other marine biogeochemical models”.

Rather strikingly, only by looking at Table 6 the (skilled) readers understands that the main
currency of the model is nitrogen and that biomass is measured in N concentration units. |
am not suggesting to have an additional lengthy discussion on the type of biogeochemical
models, but just to make the reader aware of what are the peculiarities of this approach
with respect to others.

Thank you. Upon re-reading, | agree the section on microalgae growth does not give enough context
to the reader. Further that when it does come in, it follows a particular line of equation
development. | have added a significant contextual start to this section before pursing the particular
model | have chosen.

The scaling or geometric constraints are indeed a special feature of this modelling approach,
although it should be clarified that models with multiple functional types also includes
implicit size considerations in the value of the parameters.

In the modelling of plankton, geometric and size-based properties are similar concepts, and | have
included a reference to size-based trait modelling. However geometric-constraints is broader than
just size, as illustrated in the next section (on 2D leaves vs 3D microalgae).



The concept that geometric description is a means to reduce parameter uncertainties (pag 4,
L1-3) would also require further clarification, especially because this model implements only
two size classes with generic functions, which means it has a limited range of applications in

the coastal region.

Yes. Thank you. An example makes a more powerful point. The best illustration is in the relationship
between benthic cover and seagrass nitrogen. | have added a few sentences when | get to this
example on the next page of the manuscript.

If the Si or Fe cycles would need to be resolved, or specific harmful algae, then additional
parameters would be forcibly needed.

Yes, some new stoichiometric coefficients for the new elements. The EMS ecology library does
contain a harmful algal bloom category, but because it is a process that can be excluded, and wasn’t
used in the simulations shown in the results, we have decided not to include a description here.

2 Detailed comments

P6L14-15 There should be some description on what Fig. 3 shows. Since it is used in the introduction,
| would expect some more context. However, the authors suggest me to go and read Baird et al.
2016 to understand the figure (and what is GBR4 at this stage?)

| have removed this figure as true colour is a diagnostic variables and not essential.

Sec 1.1: This is the most important section when engaging with a manuscript of this size. However, it
offers only a quick list of the upcoming sections, something akin to what is offered in shorter
manuscripts. The authors state that descriptions are sorted by processes, but | would argue with this
statements, since some processes are spread across various sections and there are several cross-
references that interrupt the flow of the description.

The biogeochemical processes are distinct, as demonstrated by the fact that each table of equations
conserves mass. But the reviewer might be getting at the fact that light absorption appears in two
places, because it is part of the optical model and the ecological process of photosynthesis.
Following suggestions elsewhere in this review, | have combined the optical model components, and
now make this structure clearer from the beginning.

| would also strongly advocate against the offered solution to the reader (L26-28): to combine all the
various process terms to obtain the complete differential equation. This is in my opinion what makes
the manuscript more difficult to read, since there is no full appreciation of the dynamics of each
state variable. This approach was also followed by Vichi et al. (2007), but in that case, a specific
notation was introduced and the full dynamics were presented.

The reviewer is supporting our approach of presenting partial differential equations for each
processes. Looking at Vichi et al., (2007) this paper has an excellent introduction to how the model
presented. | have copied this approach, adding three new subsections, “Structure of the model
description”, “Presentation of process equations” and “Model stoichiometry”.

Sec 2. | have a few problems with the organization of this section. The EMS biogeochemical model
has not been introduced yet (while the next Fig. 4 and 5 are about the biogeochemical model and
not the optics), but the reader is offered an initial description with no references of the science of



IOP and AOP. | would suggest to invert the order and first illustrate the model structure, then
highlighting the details of the optical model.

| mostly agree with these comment, and have re-organised the manuscript by:

1. Extracting all components of the optical model that involve calculating the light field into a
separate section titled “Optical model”, with subsections “Pelagic optical model”,
“Epibenthic optical model” and “Sediment optical model”.

2. Point 1 allows for a section to describe the IOP / AOP terminology that is very familiar to
optical modellers, but is only beginning to be adopted by biogeochemical modellers.

3. Removed all calculations of remote-sensing reflectance. This is a diagnostic variables, and for
sake of brevity description of all diagnostic variables has been removed from the
manuscript.

| have put the optical model before the BGC model because the EMS suite can be used with an
optical model but no biogeochemical processes, but there can be no biogeochemical model (at least
with autotrophs) without an optical model.

Otherwise, the authors can opt for a shorter manuscript that would focus on the optical model only
if they consider this the most innovative component.

No, | am emphasising the BGC model. In fact, as mentioned later, | have removed the components
describing the calculation of remote-sensing reflectance.

At Pag. 9 L19 microalgae are mentioned, but there is no mathematical equivalence neither an
explanation of what small and large means. | recognize that there are tables later in the model
where size classes are provided, but a set of ranges should be given from the beginning, especially
because of the emphasis on geometric constraints.

OK. Included comment on size and function role of different plankton.

P10L12 The authors should state what kind of approximation they make when considering dissolved
and particulate concentrations of pelagic variables affected by transport processes. The basic
approximation of fluid dynamics is the continuum hypothesis, which should also be considered for
biogeochemistry (e.g. O’Brien and Wroblewski, 1973; Vichi et al., 2007). | understand that this is an
aspect that was overlooked in the early works (Nihoul, 1975; Fasham et al, 1990, etc), but it is
nowadays essential given the increasing resolutions of hydrodynamic models.

Text add:

The advection-diffusion terms of Eqg. 1, based on the continuum hypothesis for a fluid (Vichi et al.,
2007), are solved by either an in-line advection scheme with the baroclinc timestep of the
hydrodynamic model, or an offline transport scheme using a potentially much longer timestep
(Gillibrand and Herzfeld, 2016). Options in EMS include mass conservative Lagrangian and flux-form
schemes described in Herzfeld (2006) and Gillibrand and Herzfeld (2016).

P10L17 | would suggest the authors to give information on whether the model has been coupled
with other hydrodynamic models.

Included reference to application of the plankton model coupled to the Princeton Ocean Model.

P10L22 This is one of the many cases where the authors start an explanation and then drop it
abruptly referring to published papers (see my main comment 2 above)



Yes, but this part is well described elsewhere, and the manuscript is already too long.
Sec 3.2. What is the difference with Sec. 2.1 and why two separate sections are needed?
Agreed. Removed.

P23L18 Please define a “function group”

| meant functional groups. Thank you.

P23L23 | think that the concept of internal reserves is an essential one to understand the equations.
Nevertheless, the authors refer to Fig. 3 in another paper (see main comment 2)

My mistake. A version of this figure is actually in this paper. Cross-reference fixed.

P24 Table 4 caption: the authors should explain what they mean by cells here. Mean population
characteristics? This is not introduced anywhere in the main text.

| have removed ‘cells’ in the Table caption. However, the concept of ‘cell’ vs. ‘population’ is
important in the model formation. This even gets a mention in the abstract “A second focus has
been on, where possible, the use of geometric derivations of physical limits to constrain ecological
rates, which generally requires population-based rates to be derived from initially considering the
size and shape of individuals.”

Since the most important implications of cell vs. population are in microalgae, | have included a new
section 5.1.5 in the revised manuscript.

P24L7-8 and L10 The variable R* is introduced and used without any context. | would suggest to
show an equation defining R* instead of a figure.

Agreed. Beginning of “Microlagae growth” now includes a section on reserves.
P25L7 Menten
Spelling fixed.

Sec 3.3.3 | am struggling with this section. There is very little structure in the description. | can follow
the flow because of my experience in numerical models, but to my understanding this manuscript
should introduce the model to a larger audience and expand its usage beyond the group of
developers (main comment 1 above). | think the authors need to make a decision on what is the
narrative approach they want to have, either from the point of view of the optics or from the
biogechemistry and ecosystem viewpoint.

The focus is biogeochemistry. Optics component has been scaled back to that required to calculate
light field and therefore photosynthesis.

| understand that from the point of view of an optical model, the absorption cross section is
independent of the physiology and definition of phytoplankton. However, treating separately eq 6
and the variable rho does make the reading more difficult. At the risk of being pedantic, I think one
should first present the dynamics in eq 37 and then illustrate the various terms. I'm particularly
thinking about a student user who would like to learn the model and who may not have a full
understanding of the underlying physiology.



To be helpful, | cross-reference chlorophyll synthesis as influencing intracellular concentrations in
the optical model, and the role of absorption cross section in determining chlorophyll synthesis term
in the BGC model. | have left the order of the manuscript the same.

P27L20 and L28 Table 6 is referenced before Table 5, which is the one listing the state variables
whose dynamics is listed in Table 6.

Rearranged Table citations.

| would strongly suggest that a full list of the state variables is given at the very beginning when the
biogeochemical model is introduced.

There is a full list in the Appendix. The philosophy of introducing one process at time is important to
model framework, and | think also the scientific description (i.e. microalgae nutrient uptake does not
depend directly on whether a seagrass community is there or not).

In P27L20, Tab 5 presents state and diagnostic variables, not equations.
Fixed.

P28L4 Please refer to the eq numbers and not just the table.

Fixed.

P30L2-3 This is an important information that should be given in the introduction, and briefly
expanded upon to clarify how this models is positioned in the context of the existing theories and
methodologies.

Yes, this has moved to the top of the microalgae model section. | haven’t moved it into the
introduction, because the introduction concentrates on the components of the model, rather than
the equations.

Sec3.6. The mathematical formulation and equations are very little detailed for this component.

| have added a section referring to other saturating zooplankton grazing terms. Also, to help
negotiate the equations | have cross-referenced some of the equations individually from the text.

Table 14 containing the dynamics is just referenced, and there is not a single equation describing the
biomass evolution.

Eqg. 76 in the original manuscript is biomass evolution.

It is also not clear from the beginning that the zooplankton variable has no variable stoichiometry (or
internal reserves).

OK. Made this clear at the top of the zooplankton equation description.

P35L13 This is a coarse over-generalization which does not pay much attention to the model
development occurred in the past 30 years. Models that use preference factors and a food matrix do
not have this issue (Gentleman et al., 2003).

Yes. | looked up a range of papers, and my preconceptions were out of date. | have removed a few
sentences. Thank you.

Sec 3.6.1 Grazing is actually not illustrated in this section.



Improved the model schematic in Section 2.2 to better resolve grazing interactions, showing
microzooplankton eating small phytoplankton, large zooplankton eating large phytoplankton,
Trichodesmium and microphytobenthos, and large zooplankton eating small zooplankton.

Table 15 is just mentioned but the specific terms not described. It is not much clear what is the
foodweb accessed by zooplankton, apart from the first generic sentence at the beginning of sec. 3.2.
How the fluxes between the state variables are actually computed is not clear.

Yes, | agree, the diets of the zooplankton we not mentioned in Sec 3.6. Fixed.

Table 12 What is the difference between variable mn in Table 7 and variable mB?

No difference. | have revised all use of m and its subscripts with the following change:
Both be mgn. Looked for other terms such as mp that | made mg.

Sec. 3.8 | suggest the authors to make specific reference to the numbered equations and not to the
Table containing them

| have done this in some cases.
(also check the typo at line 9 same page “zooplankton plankton”)
Typo fixed.

Sec 3.9 | would see the section on non-grazing plankton mortality to be more pertinent to plankton
dynamics, and less to zooplankton grazing. Is zooplankton mentioned at L6 because this is a loss
term for all the plankton? It is rather confusing, and proper structuring would be helpful.

| have replaced ‘phytoplankton mortality” with ‘plankton mortality’, which is what was meant.
Sec 3.10 | guess the author means gas exchange at the surface of the ocean here.
Title changes to: “Air-sea gas exchange”

P41L3 The variable is ul0. This is the cubic function.

Thank you. Removed power of three.

P41L18 positive

Replaced.

P41L31 This seems a fragment with no connection with the previous paragraph.
Thank you. Fragment removed.

P42L22 Please clarify what “vertical order” means.

Replaced with “from top to bottom”

P43L18 Please refer where the diffusivity values have been taken. | could not find a table with the
values.

Thank you. | refer back to the Table with the first use of diffusivity coefficients, and now also
reference the original source, Li and Gregory (1974).



Eq113 and other. | would suggest the authors to use named constant for the stoichiometric
coefficients, to allow identifying which conversion is actually being done.

In this manuscript | have made a deliberate decision to represent stoichiometric coefficients with
combinations of integers. The reviewer’s suggestion, to replace these with coefficients, would follow
the approach generally used by biogeochemical modellers. However, | wonder if the use of integers
is better. It is, after all, the way that it is done in physical chemistry. Also, there would be three
stoichiometric coefficients for each autotroph, requiring unique subscripts, challenging the
readability of the equations. The slight correction required for isotopes is small (Section 7.4.1 in
original manuscript) and has been accounted for in the model itself.

Also, the authors should briefly illustrate the rationale for the use of this multiple minimum function,
which | guess is linked to the maintenance of the constant stoichiometry in this functional group
biomass.

OK. Added:

We have used the commonly applied multiple minimum function (Liebig, 1840), although it is noted
that others use the multiple of limitation terms (Fasham, 1993). The microalgae model described
above uses dynamical reserves to determine the growth rate. The growth approximated using
dynamical reserves closer approximates a multiple minimum function than a multiple of minimum
terms, so it was deemed more appropriate to use a multiple minimum function for macroalgae and
seagrass for which internal reserves were not resolved.

P49L1 This is another example of the main problem | have with this manuscript (main comment 2).
The same can be found at L29 w=in the case of coral processes. The authors seem to have cherry-
picked what should be described and what should be left for the reader to scavenge through the
literature. Please explain if there is an underlying rationale or a unified criterion.

Two papers exactly describe a subset of the equations in vB3pO0. For coral processes:

Baird, M. E., M. Mongin, F. Rizwi, L. K. Bay, N. E. Cantin, M. Soja-Wozniak and J. Skerratt (2018) A
mechanistic model of coral bleaching due to temperature-mediated light-driven reactive oxygen
build-up in zooxanthellae. Ecol. Model 386: 20-37.

And for seagrass processes:

Baird, M. E., M. P. Adams, R. C. Babcock, K. Oubelkheir, M. Mongin, K. A. Wild-Allen, J. Skerratt, B. J.
Robson, K. Petrou, P. J. Ralph, K. R. O'Brien, A. B. Carter, J. C. Jarvis, M. A. Rasheed (2016) A
biophysical representation of seagrass growth for application in a complex shallow-water
biogeochemical model Ecol. Mod. 325: 13-27.

The sections of these in the original submission failed this journal’s plagiarism software. It was
decided because these were the most detailed, and isolatable, sections of the model (and which are
not implemented in all cases) they could be referenced to.

Some of the earlier papers (Baird et al., 2013 for example) include more fragmented sets of
equations, but we consider it too difficult to bring them together in a coherent model description.

P49L6-7 These are microalgae, so | wonder why the authors decided not to use the same dynamics
described earlier.

Good point. The dynamics are similar but we added a few extra processes to zooxanthellae, the most
important being photoadaptation and photoinhibition, to resolve coral bleaching. While



photoadaptation and photoinhibition could easily be added to the other microalgae, we would need
to add 5 new state variables for each microalgae, or about twenty 3D new state variables that
require advecting by the transport model, a large computational cost. In contrast, because the
zooxanthellae remain in the coral host, they are only 2D variables and don’t require advection.

P57 How is M computed?

This manuscript does not describe the dynamics of inorganic sediments, which determine M. | point
the reader to section 5.1, which summarises some aspects of the sediment model, and then points
the reader onto published papers of the sediment model.

P58L5 With the use of coding style, the manuscript turns towards the user manual. This is the first
time that code is used in the document. | am not against it if properly explained, but makes the
manuscript less coherent (see main point 2).

Agreed. Wrong place for this. Removed.
P58L7-8 Make reference to Table 34 where the variables are listed.
Yes. Thank you.

Sec 5.2.1 I am a bit confused here, because light is not an environmental variable that controls the
dynamics in the sediment model. What is the difference with Sec. 4.2.2?

The derivation of light capture by macroalgae (and also seagrass) considers them to be a 2D leaf. In
contrast, the microalgae are considered a layer of spheres lying in the top layer of the sediment.
Thus the equation 112 (in the original manuscript) is fundamentally different to equation 206.

| understand that the optical model is a major part of this manuscript, but then | would separate the
biogeochemistry from the optics in two different manuscripts and make reference when needed
instead of mixing the descriptions (see main point 1).

It is my hope to have one succinct manuscript containing both the optical and biogeochemical
components. Also, the biogeochemical model cannot exist without the optics model (although the
reverse is not true)

Equally important, the key innovation of the model derivation is the geometric origin of the
equations. Often this geometric origin results in similar forms in both the optical and biogeochemical
models, such as the use of absorption cross-sections in Eq. 6, 12 and 35.

Sec 5.3.1 and 5.3.2 There is no reference to equation numbers in these short sections.
Yes. Thank you. Fixed by referencing to Egs. in Table 37 by number.

Sec. 6 | understand that section 6 collects all processes that are common to the pelagic, epibenthic
and benthic processes. Therefore, | would expect to find here cross-references to the other sections
where they have been described, as well as the inverse (when the dynamics are first illustrated,
inform the reader that a certain term is considered a common process and found in Sec. 6).

OK. Good point. The organisation is intended such that processes are fully contained within a
section. BUT, as the pointed out by the reviewer, | fail this criteria with respect to temperature
dependence of ecological rates and preferential ammonia uptake that are cross process. Section 6
has now been split into two sections, one that refers to common processes, and a second that is
common parameterisations. These are now extensively cross-referenced.



P68L9-11 | agree with this sentence, but this would deserve some more discussion. According to the
Introduction, the model is designed to be generic, and the combination of physical and
biogeochemical processes may lead to stiffness (this is cursory mentioned somewhere in the text or
in the captions). The authors can refer to Butenschon et al., 2012 for an illustration of the problem. |
would also ask the authors to clarify what do they mean with the “time step of the splitting”?
Different time steps can be used for the various steps, but | am not familiar with a splitting time
step. (Please explain what GBR1-4 mean in the table)

The Hundsdorfer and Verwer reference is a 460 page textbook on advection-diffusion-reaction
equations. But | wasn’t aware of the Butenschon et al. (2012) which is more focus to marine models,
and it is included in the references. | have removed reference to GBR1/GBR4 as these are particular
configurations, and just retain the values used in the results presented (from GBR4). “Time step of
the splitting” is removed, and the text amended to be more explicit as to what was meant.

P68L13 The choice of a 5th order ODE should be justified, especially in the case of empirically-
derived parameterizations. Please also say here which scheme is used and that it includes adaptive
stepping. This information is given further below somewhere.

Our approach is to split the description of the solvers which is described in the text, with the actual
choice that is given in the Table. Thus, | have added more in the text about the choices that include
1%t — 8™ order, and then give further details in the table. The justification now appears in the text. |
also moved the information from below to here.

P69L2-4 This justification raises some concerns. The method is explicit, which would actually lead to
instabilities that would require a time step shortening. Is this what the authors mean?

Yes, the adaptive approach reduces the time-step to avoid instabilities.
P69L16 Please explain the term “between”. Is this implicit or explicit?
Replaced “between the physical and ecological” with “after the physical and before the ecological”

According to Table 42,it uses the same timestep as the ecology, but not clear what light environment
is used for the ecology.

Added: “The light climate used for ecological timestep is that calculated at the start time of the
ecological integration.”

P70L9-10 This sentence is not clear. | understand that the manuscript is not about the coupling
between the physics and the ecology, but this sentence would require more context. Please refer to
the table where the number of levels in the described applications are listed.

Yes, this sentence has now moved into the Section 7.1, and some more context is given. Added text:
“The solution of the ecological equations are independent for each vertical column, and depend only
on the layers above through which the light has propagated.”

Sec 8 | would argue that this manuscript does not offer any model evaluation beyond what has been
already published. Is the assessment done here a technical check that version vB3p0 produces the
same results as vB2pO0 described in Skerratt et al. (2019)?

Yes, it is about ensuring that there are results from the published version.

Sec 9 and 10. | am not sure these sections help the manuscript concept, and they confirm my
impression of the lack of coherence in the original idea of the presentation (point 1 above). | would



suggest the authors to reconsider their structure and to move some sections to the appendix or to
on line material.

| would be happy to move these to supplementary material, but | think they are a requirement of
the journal?

Sec 11 | have some concerns about the content of this discussion. | would expect Sec 11.1 in the
introduction. | cannot really see any discussion here as | have indicated in my main point 3 above.

| think the reviewer would be happier if the discussion of other biogeochemical models (that | have
expanded and now is in the discussion) be in the introduction, and the explanation of the geometric
descriptions (which is in the introduction) be in the discussion.

| really want the reader to appreciate that | set out to produce a biogeochemical model that was
based on geometric constraints that place physical limits on ecological processes. This has been the
motivation from the start. | chose this approach on the 18 May 1996, the first day of my PhD. My
Master supervisor, Marlin Atkinson at the University of Hawaii, was a pioneering advocate of
physical limits on nutrient uptake by coral communities, and | was pig-headedly determined to try
this for a biogeochemical model, whether my new PhD supervisor (Jacqui McGlade, University of
Warwick) liked it or not (she gave me a free rein to pursue it). CSIRO has since supported me in this
endeavour. My point is, the model equations would not be like they are had | not, in the subsequent
24 years, always asked myself when parameterising a process was there a geometric property |
could take advantage off. Thus, the geometric approach is for me not a post-implementation talking
point but the fundamental motivation of the work.

But | am not so pig-headed now, so if you want these sections reversed (introducing other models in
the introduction and discussing EMS’s unique features in the discussion) | will oblige.

Thank you.



