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Review of Gnatiuk et al., 2019: „Simulation of oceanographic and 
meteorological parameters in arctic and subantarctic seas by CMIP5 
models: model validation and selection”  
(used to be “Simulation of factors affecting E. huxleyi blooms in arctic and 
subarctic seas by CMIP5 climate models: model validation and selection“)  5 
 
Summary 
In this revised version of their study, Gnatiuk et al. compare the simulated fields of five 
oceanographic or meteorological variables (SST, top 30m salinity, surface wind speed, ocean 
surface current speed, shortwave downwelling solar radiation) from CMIP5 models to 10 
available reanalysis data in six subareas at subarctic or arctic latitudes. They assess the 
models using a number of statistical metrics to assess both spatial and temporal model-data 
misfit and rank the models according to the “percentile score-based ranking method”.  
Compared to the first submitted version of this manuscript, the focus has shifted more 
towards the model evaluation and ranking itself. Additionally, instead of motivating their 15 
study by coccolithophore (E. huxleyi) bloom dynamics, the study is now motivated by 
phytoplankton dynamics as a whole. Yet, in my opinion, issues raised in the first round of 
reviews regarding the choice of evaluated variables remain. Irrespective of this shortcoming, 
however, i.e. even if the study wasn’t put into a phytoplankton context at all, it is currently 
unclear to me what the reader is supposed to take away from this study beyond a “models 20 
perform differently in different subareas and for different variables” – which is clearly not a 
new finding. One take-away message could be that the “percentile score-based ranking 
method” applied here is indeed better suited than previously published approaches to 
identify the “best” subset of the CMIP5 models to be used for a given research question 
(what the authors claim), but the current version of the manuscript unfortunately lacks a 25 
clear demonstration thereof.  
In my opinion, the authors should decide whether they want to a) keep the phytoplankton 
context (but then an appropriate set of variables should be used in the assessment), b) make 
the focus the model ranking method itself (but then the motivation/presentation/discussion 
of the analysis need to be substantially improved) or both. Either way, I still think that the 30 
analysis and the current presentation thereof need substantial improvement before 
accepting the manuscript for publication.  
 
General comments 
 35 
While the authors have clearly attempted to address most comments on the first version 
of the manuscript, some of the issues remain – as outlined below.  
 
The authors claim that their proposed method should be used in the future to identify the 
subset of models to be analyzed for the respective research question at hand.  Yet, it is 40 
currently nowhere clearly stated in the manuscript in what way their ranking method is 
“better” than previous approaches. Not being an expert myself on the different model 
selection techniques available in the literature, to me, the proposed method appears to just 
be one more way of how model selection could be done. As this is now a central element of 
the study (even more than it already was before), the presentation of this aspect has to be 45 
improved to back up the claims made by the authors.  
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Even though the whole analysis done in their study is motivated by the application to 
phytoplankton dynamics under climate change, the factors controlling their blooms in 
general are still not carefully introduced and discussed. As a result, the choice of variables 50 
still appears arbitrary to me. If the phytoplankton application is still presented as the 
motivation, the choice of variables (e.g. salinity rather than nutrients) is still not intuitive. 
More specifically, in answer to the first round of reviews, the authors say they neglect 
biogeochemical variables as they would require daily model output, which is not available 
for most/all of the CMIP5 models. Yet, in the method section of the manuscript, the authors 55 
state that they use monthly model output – so their argument does not hold and does not 
justify the exclusion of e.g. nutrients from the analysis.  
Furthermore, if the motivation is now “phytoplankton as a whole” rather than 
“coccolithophores”, it is not clear to me why the subareas are still identified based on 
coccolithophore blooms. Total phytoplankton blooms can be easily identified based on 60 
satellite derived chlorophyll products.  
 
Throughout the manuscript, the writing still needs substantial improvement – indicated by 
the number of detailed comments below. In particular, the authors use a lot of vague or 
subjective language (“best model”, “poor performance”, “reliable approach”, “[…] that 65 
simulates properly”, “appropriate models”, ”quite good results”), which should be avoided.  
 
Detailed comments 
 
Abstract:  70 
 
p. 1 
L. 10: I suggest to rephrase “sea areas” and say “differ from” instead of “differ in comparison 
with”.  
L. 11: You don’t actually test different methodologies in your manuscript, so to say that you 75 
want to find the “methodology of selection” in the abstract is misleading in my opinion.  
L. 17: Please be more precise and state i) sea surface temperature and ii) salinity averaged 
over the top 30m – right now it is not clear from the abstract whether you use sea surface 
salinity or top 30 m averaged salinity. 
L. 20: What is “high-skillful”? This is rather subjective, isn’t it? 80 
L. 21: I don’t understand “mutually optimal combinations» - can you rephrase? 
L. 23: “a unique best model subset” – best in terms of what? 
L. 24: It has to become clear from the abstract whether this “7-11 models” is a subjective 
choice of yours or whether it is based on some objective criteria. It currently reads like the 
former.  85 
L. 27: I am not convinced that the fact that the model subsets outperform the full-model 
average proves that your selection method should be used in the future. The logic in this 
sentence doesn’t hold for me as you have not shown in your manuscript how a different 
selection method would not achieve the same thing.  
 90 
I miss a statement in the abstract regarding why you focus on the Arctic/subarctic. The 
climate models give global projections and differ not only in this region. In my opinion, you 
should better motivate the focus area by e.g. stating that this region is projected to be 
affected especially severely by climate change. Do the models differ most in that area?  



 3 

 95 
Introduction:  
 
p. 2 
L. 2: I suggest to avoid saying “prediction of the future status” and instead use “projections” 
here. Additionally, please state here already what the components of the climate system 100 
are.  
L. 5: “more realistically” than what? 
L. 6: Please say “model output” here instead of “model data”.  
L. 9: “usually”? I don’t understand the use here. Are you referring to the historical period 
here or the projections? This needs to be made clearer here.  105 
L. 10-11: Same as above: historical period? Additionally, it did not become clear from the 
first paragraph that the models’ performance varies across regions and target variables. 
Therefore, that a different set of models should be used for “each specific task and region” 
does not logically follow from above. What does “reliable” mean in this context?  
Furthermore, after making the distinction between “historical period” and “future 110 
projections” clearer in this paragraph, it is important to point out here that you assume that 
the models that perform “best” (whatever that means) over the historical period also 
produce the “best” projections. I have seen the sentence along these lines in L. 29-30, but I 
think it is more appropriate here already.  
L. 12-13: What is a “reliable approach”? How does a model “most efficiently” simulate the 115 
state of a variable? I suggest to rephrase.  
L. 13-14: What are the “abiotic parameters” you’re referring to here? They are not 
introduced. Furthermore, why do we want to understand how phytoplankton dynamics 
might be affected by future climate change? Why subpolar and polar latitudes? 
I miss a motivation for both aspects, as this statement currently comes out of nowhere.  120 
L. 15-16: This sentence does not make sense to me.  
L. 19: What do you mean by “in case it is not possible to calibrate a model for a selected 
region”? Additionally, why “furthermore”? Don’t you have this exact information in the 
sentence before? I don’t understand.  
L. 23: “best” regarding what? Please be more precise here. Additionally, I think “Taylor et al., 125 
2001” is not a suitable reference here as this paper does not discuss the choice of a model 
subset.  
L. 25-26: Please add references to i) and ii).  
L. 28: Please add a reference to this statement. What is a “poor reproduction of the 
interannual variability”? The sentence starting with “so that…” is not a sentence, please 130 
check the grammar.  
L. 30: The “therefore” does not make sense here. Please double-check the logical flow 
between these sentences.  
L. 31: What does “properly” mean here? Be precise.  
L. 32: The choice of the parameters is still not clear. If these are still motivated by the fact 135 
that you ultimately want to assess the impact of climate change on phytoplankton dynamics, 
choosing salinity & wind speed rather than nutrients does not make sense to me. 
Irrespectively, these variables are not properly introduced or motivated here. 
 
p.3 140 
L. 3-6: What is the disadvantage of using this approach? Or differently asked: Why did you 
not choose to do it that way? 
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L. 7: Why would one select “a unique combination of models for each study variable”? For 
what? I have trouble following the logic here.  
L. 10: What are “appropriate models”?  145 
L. 3-24: It is not clear to me at all what the advantages and disadvantages of each of these 
approaches are. Instead of simply stating what author X did, rather state why they chose 
that approach and what they could not assess with it or what the limitation of the respective 
approach was. Thereby, you can better motivate why you chose not to follow any of the 
listed approaches – which is currently not clear from what you write.  150 
L. 25: After what you have written in the previous paragraph, this sounds too much like an 
arbitrary decision to me. Why did you choose to do what you did? In what way does that 
improve previously applied methodology?  
L. 30: Until here, I have assumed that you focus on the global scale – mentioning the 
subareas in L. 14 of p.2 came out of nowhere at that location (see comment above) and is 155 
not linked to the rest of the introduction until here. Please rewrite the introduction, so that 
your focus area naturally results from the introduction. Why do we care especially about the 
performance of climate models in polar regions? 
L. 30: In what way do the subareas “differ in physical and geographical conditions”? This 
statement is too vague. Is it any problem that the subareas you choose are linked through 160 
circulation? You don’t discuss anywhere in the manuscript how e.g. biases in circulation in 
the North Atlantic could simultaneously affect the North Sea, the area north of Iceland 
(“Greenland”), the Norwegian Sea, and the Barents Sea. As an example, if a model does not 
reproduce the observed circulation in the Norwegian Sea, causing biases in e.g. temperature 
and salinity there, these biases will also impact the Arctic (e.g. the Barents Sea), don’t they? 165 
Do you really think that it is appropriate to treat these areas as independent when they are 
clearly linked to each other? 
L. 31: What are “stable localizations”? How is “intense growth” defined? It is still not clear to 
me why you do that.  
 170 
p. 4 
L. 2: No. Until here, it is not at all clear that the variables you chose are the variables 
controlling phytoplankton blooms, as you still don’t mention important variables in the 
introduction (e.g. nutrients). Referring to one of your answers in the first round of reviews, 
namely that the temporal resolution of some of the drivers of phytoplankton dynamics not 175 
considered here is not high enough in the model output for the analysis you perform, I was 
going to recommend to add a statement along these lines somewhere in the text (probably 
in the method section). However, then I realized you claim to only use monthly data in the 
method section, so I don’t understand why you cannot assess the nutrient fields.  
Every reader familiar with phytoplankton dynamics will wonder why you did not consider 180 
obvious variables like nutrients, if your goal is to assess the possible implications of climate 
change on phytoplankton blooms.  
L. 2-4: This statement does currently not make sense to me. Please clarify how exactly your 
results can improve ecological models as I don’t see how that could be.  
 185 
Methods 
 
p. 4 
L. 7: Be consistent: “34” or “thirty-four” – compare to introduction. Additionally, check 
grammar throughout the text regarding “GCMs outputs”. 190 
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L. 10: I suggest to not use “SSS” when not referring to sea surface salinity. Check throughout 
the text that you’re consistently stating “salinity averaged over top 30m” and not “sea 
surface salinity” (e.g. in Figure captions).  
L. 11: “known to affect the phytoplankton life cycle” is too vague. E.g., how do wind speed 
and ocean current speed affect the phytoplankton life cycle? Additionally, the references 195 
you cite are all coccolithophore papers, so if you want to make a general statement about 
phytoplankton here, I suggest to add references of other phytoplankton types.  
L. 12: What do you mean by “availability” here? Please be more precise. This statement is 
repetitive with the statement in L. 8 – please revise.  
L. 24: You state in your answer to the first round of reviews that you wanted to move from 200 
only focusing on coccolithophores to phytoplankton as a whole – then why do you still 
choose your subareas based on E. huxleyi blooms? You could easily detect total 
phytoplankton blooms based on satellite imagery.  
L. 27: This information needs to come much earlier, namely in the introduction.  
L. 29: Please rephrase “target water areas”.  205 
L. 29: What is a “steady localization”? 
 
p. 5:  
L. 2-5: It is still unclear to me why you do that rather than assessing a larger subarea. 
Furthermore, you still don’t define what a bloom is for you here.  210 
L. 5-9: This statement does not make sense to me. Please rephrase to make clearer how the 
comparison of models you do here can e.g. be used in “marine ecology related issues” and in 
“forecasting of the region-specific climate interactions during the vegetation season”. What 
do you mean exactly? 
L. 10: What are the “regional features of distributions”? 215 
L. 17: What does the CPI tell you? Why did you compute it? Additionally, please introduce 
the short form “CPI” when first discussing the index (introduction). Same applies to other 
variables throughout the manuscript, such as “sea surface temperature”, where you jump 
back and forth between the long name and the short form. Please be consistent.  
L. 14-26: Contrary to what you state in your answer to the reviews (see also my comment to 220 
L. 2 of p. 4), here you state that you mostly use monthly averaged model output. Based on 
this information, I understand less and less why you disregard e.g. nutrients in your analysis.   
L. 28: Please delete “proposed and”, simply state “we employed”.  
L. 28-29: Coming back to an earlier comment of mine:  the percentile score-based model 
ranking method still seems like a random approach to me – be explicit in your manuscript 225 
regarding what the individual pieces of this approach (each of which had been applied 
before in other studies) could not assess (or where their limitations were) and how 
combining the individual pieces solved these limitations.  
 
p. 6 230 
L. 1: amplitude or magnitude (throughout the text)? 
L. 3: What is the “total score”? You currently don’t define this.  
L. 6: Please use “SST”.  
L. 8: Replace “less than“ by “top”. And please avoid subjective language here (“models 
considered very good”). Strictly speaking, just because a model ranks amongst the top 25% 235 
does not mean the respective model does a particularly good job at reproducing the 
observations – the respective model is only the “best” relative to the other models relative 
to the other models you assessed.  
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L. 14: Please replace “analyzed”, as this description is too vague.  
L. 17: What is the “amplitude bias”? I don’t understand.  240 
L. 20: What is “much higher”? Please be precise.  
L. 21: models 
L. 22: What does “placed beyond it” mean? Please rephrase.  
L. 13-27: Shouldn’t all of this be part of the results section? 
 245 
Results & Discussion 
 
p. 6 
L. 30: “SST” etc. have been introduced before. Please avoid redundancies.  
 250 
p. 7 
L. 8: not an optimal 
L. 9: What does “properly simulating” mean? 
L. 11: What bias do you mean here? Median? Spatial variability? 
L. 29(p.6)-L.12(p.7): Can you make more general statements that make it easier for the 255 
reader to extract the most important information? Or is the main information really only 
“different models are best for different parameters in different subareas”? I suggest to 
reverse the order then and start the section with the main information to be taken away (L. 
8-12) and then explain in more detail how this can be seen.  
L. 13: what does “equally reproduce” mean here? 260 
L. 14-16: Please add references here.  
L. 16: please rephrase “marine tracts”.  
L. 16: I don’t understand the logic why the error should increase towards the poles because 
of the convergence of meridians.  
L. 16-18: This logic also doesn’t hold. Why do you think that? I don’t see why you would 265 
expect a different set of models to perform “best” in one area and then others in a different 
area, simply because the two areas differ in their physical environment. Please explain. 
Referring to an earlier comment, you nowhere in the manuscript explain how the subareas 
are different in e.g. their physical circulation.  
L. 19: represent the five 270 
L. 21: Do you mean a “lower” bias? 
L. 23: What exactly do you mean by “insufficiently accurate parametrization of river runoff”? 
Don’t the models account for river runoff? You need to elaborate to make your argument 
clearer. Consider adding references here.  
L. 25: But can’t you assess this in more detail? I mean, you have analyzed the current speeds, 275 
have you also assessed the circulation as a whole? You can figure out what the cause is with 
the available model output.  
L. 29: “[…] and the biases are much higher” 
L. 25-29: I currently miss a discussion on the causes of the biases in SDSR.  
L. 30: Avoid subjective language, such as “simulate well”. Furthermore, the description and 280 
discussion of the biases in WS is rather short compared to that of the other variables. Try to 
make it more balanced across the variables.  
L. 32: Avoid statements like “quite good results”. Simply state the result and let the reader 
decide whether that is good or bad. 
L. 32: observed or obtained? 285 
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L. 19(p.7)-L.13(p.8): The order of variables here is not intuitive as you jump between 
oceanographic and meteorological ones. I suggest to reorganize.  
 
p. 8 
L. 4-5: Again, did you look into that? 290 
L. 10: Use your short forms. Furthermore, “rather large biases” is subjective, please avoid 
statements like this.  
L. 14: What do you mean by “to examine our percentile score-based”? Be more precise what 
you examine.  
L. 17-24: I am not sure I get what to take away from this.  295 
L. 19: Do you mean Fig. 6? 
L: 25: what does “somewhat better” mean? What bias (i.e. median, variability…)? 
 
Conclusions 
 300 
L. 7: Check grammar “no any optimal”.  
L. 10: What are “quite good results”? This is subjective.  
L. 11: The start of the sentence does not make sense to me. What do you mean?  
L. 13: Delete “well” 
L. 16-18: Please avoid 1-sentence paragraphs.  305 
L. 19: What “range of different factors” are you referring to here? 
L. 20: I don’t see how the proposed method is “enhancing the model selection procedure”. 
 
Why is there no discussion on the phytoplankton application in the conclusion section? I 
think this should re-appear here if this motivated the study.  310 
 
Figures/Tables 
Fig. 3: marine vegetation season; Add unit to SST bias in the caption. I suggest to increase 
the line thickness of the median bias. Don’t capitalize “standard deviation”.  
 315 
Fig. 5a-5e: I find it very confusing that you use “Fig. 5a”, “Fig. 5b” etc. to refer to different 
figures rather than panels within the figures. I suggest to number the figures and then use 
the letters to refer to panels within each figure. As you nowhere show the pattern of the 
respective variable that we would expect from the reanalysis, I suggest to at least add the 
average of the reanalysis under each panel (as you have done for the model ensemble). 320 
Additionally, I suggest to refer back to the method section for the exact periods considered 
or to restate them in the caption.  
 
Fig. 5a: You don’t show sea surface salinity, do you? Define the bias (model-reanalysis or the 
reverse?) in the caption of each figure. 325 
 
Fig. 5e: Isn’t it also the current direction that matters (see comments above). Have you 
assessed the circulation patterns as a whole? 
 
Fig. 6b: What are the “errors”?  330 


