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(egusphere-2022-91) entitled “Physiological flexibility of phytoplankton impacts 1 
modeled biomass and primary production across the North Pacific Ocean” by Sasai et al. 2 
 3 
We thank three anonymous reviewers for their valuable comments on our manuscript. 4 
Our responses to each reviewers’ comment are as follows. (Response to Reviewer #1 is 5 
Page 1 to 17. Response to Reviewer #2 is Page 18 to 31. Response to Reviewer #3 is Page 6 
32 to 34.) 7 
 8 
Response to Reviewer #1 9 
 10 
The manuscript *Physiological flexibility of phytoplankton impacts modeled 11 
biomass and primary production across the North Pacific Ocean* by Y. Sasai and 12 
colleagues assess the importance of optimal nutrient uptake, photoacclimation and 13 
variable stoichiometry on the emergence of large scale chlorophyll and primary 14 
production patterns in the ocean, using the North Pacific as a testbed. To do that, 15 
the authors designed an experiment based on the comparison of two strategic NPZD 16 
biogeochemical (BGC) models coupled to a state of the art, eddy-resolving model of 17 
ocean physics (OFES2). One of the BGC models implements optimal uptake kinetics 18 
([Smith et al 2009](https://doi.org/10.3354/meps08022)), whereas the other 19 
incorporates interactive, optimal photoacclimation (Chl:C ratios) and variable 20 
stoichiometry (C:N deviating from Redfield ratios) as proposed in the context of the 21 
FlexPFT theory of [Smith et al 2016](https://doi.org/10.1093/plankt/fbv038)). The 22 
experiments revealed clear deviations between predictions from both models, with 23 
a clear gain in accuracy when using the more complex FlexPFT model (bulk 24 
properties like Chl and fluxes like PP closer to observations, better resolution of the 25 
deep chlorophyll maximum (DCM), etc.). The authors conclude recommending the 26 
adoption of similar approaches by the BGC community. 27 
 28 
The topic, approach and results are of great appeal and the manuscript is already 29 
an important contribution. The authors designed a clean test of their hypothesis 30 
about the emergence of surface and vertical gradients in phytoplankton growth and 31 
biomass, and the result clearly support their ideas. However, the manuscript is not 32 
easy to follow as it stands, especially the combined *Results and Discussion* section. 33 
The narrative in this section is quite descriptive, and it fails to provide a clear picture 34 
of the ability of each model to reproduce observed patterns. As commented below, 35 
these issues seem to arise in part from the lack of motivation and rationale for model 36 
assessment in *Methods*. There are other aspects missing like the limitations of the 37 
current model (*e.g.* what about nitrogen fixation?), alternative explanations to the 38 
emergence of DCM ([Cullen 2015](https://doi.org/10.1146/annurev-marine-010213-39 
135111); there may be more recent reviews), or about the performance of similar 40 
BGC models in simulating Chl and PP in the Pacific. Together, these issues led me 41 
recommend a major revision of the manuscript. I provide some major concerns, and 42 
a long list of minor issues and suggestions below. I hope the authors find both lists 43 
useful. 44 
 45 
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We thank Reviewer #1 for valuable comments on our manuscript. The major revised 46 
points are 7 items below. The individual responses (fine characters) to the Reviewer #1’s 47 
comments (bold characters) are described after the list of major 7 items. 48 
 49 
1. Title changed “Physiological flexible of phytoplankton impacts modeled chlorophyll 50 

and primary production across the North Pacific”. Because phytoplankton biomass 51 
changed chlorophyll. 52 

 53 
2. Introduction 54 

We added the aim and objective in the last paragraph of Introduction. 55 
 56 
3. Methods and Materials 57 

We revised the two subsections “2.2 Formation of Phytoplankton Growth in the 58 
Biological Model” and “2.3 Observed Data” in section 2. 59 
 60 
In subsection 2.2, we changed from simple phytoplankton growth rate (InFlexPFT) 61 
description to complex phytoplankton growth rate (FlexPFT) description.  62 
 63 
In subsection 2.3, we revised the description of observed data to compare the model 64 
results. The observed year and modeled year are not same, but they are compared to 65 
confirm the reproducibility of the model climatological averaged field (e.g., season). 66 
We revised the first paragraph of subsection 2.3. 67 

 68 
4. Results 69 

We changed section title from “Results and Discussion” to “Results”. 70 
We changed three subsection titles.  71 

Title of subsection 3.1 is “Comparison of Surface Chl Pattern”.  72 
Title of subsection 3.2 is “Comparison of Vertical Distributions of Chl and PP 73 
along Two transect Lines”.  74 
Title of subsection 3.3 is “Vertical Profiles of PP at three stations and PP pattern”.  75 

We added the quantitative description in section 3, everywhere. 76 
 77 
5. We added the “Discussion” and revised the “Conclusion”. 78 
 79 
6. Figures 80 

Observations points (three stations and two lines) are correctively shown in Figure 1. 81 
Two transect lines (JMA and JODC observation lines) are shown in Figures 1c, 1g, 82 
and 1k in summer map. Three time series stations (Station K2, Station S1, and Station 83 
ALOHA) are shown in Figures 1d, 1h, and 1l in winter map. 84 
 85 
The numbers of figures have also been changed because the order of descriptions of 86 
Figures 8 and 9 in the body text has been changed. Figure 8 (old) changes Figure 9 87 
(new), and Figure 9 (old) changes Figure 8 (new).    88 

 89 
7. Appendix A: NPZD model 90 

We added the grazing of phytoplankton by zooplankton equation, G(P), in Appendix 91 
A. 92 
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 93 
----------------------------- 94 
*Major comments* 95 
 96 
1. The manuscript is in general well written and structured, but there are two 97 
sections that in my opinion deserve another thought, namely *Methods and 98 
Materials* and the *Results and Discussion* (see next three points). Although the 99 
description of the models is in general easy to follow (see however some minor 100 
suggestions below), the fact that the text moves from a complex model to a simpler 101 
one is not an optimal choice. I recommend the authors to present first their general 102 
approach with the components that are common to both models, and then detail first 103 
the simpler model featuring just optimal uptake followed by the more complex 104 
model featuring also photoacclimation and variable stoichiometry. I am aware that 105 
this might read as a minor issue, but I think it is quite important to ensure that 106 
readers realize that, despite their names, FlexPFT is something more complex than 107 
InFlexPFT. It is not clear whether one model is a nested version of the other or not 108 
(in the sense of a simpler formulation or the result of setting from variables as a 109 
constant). For instance, there is certain temptation to just check Table 1 and 110 
conclude that InFlexPFT results in reduced Chl and PP when compared with 111 
FlexPFT just because $¥mu_{¥text{max}}$ is lower in the former. There is also some 112 
confusion about whether the model implements only photoacclimation or 113 
photoacclimation and variable stoichiometry, and about whether one or both of 114 
them are simple NPZDs or not. 115 
 116 
Thank you for your comment. Following your suggestion, we have revised the two 117 
sections, “Methods and Materials” and “Results and Discussion”. “Methods and 118 
Materials” section was revised including minor comments. “Results and Discussion” 119 
section was divided into “Results” and “Discussion (New section)”. Please check the 120 
attached file. 121 
 122 
2. Merging *Results* and *Discussion* has certain risks. In my opinion, that section 123 
of the manuscript needs to dig a bit more into the results and provide more 124 
quantitative tests that enable readers to assess the relative merits of each model and 125 
to frame the results in the context of similar work. The text reads well, but it lacks 126 
any quantitative comparison except toward the end, when the authors comment on 127 
the huge variability of available NPP estimates and provide large scale estimates for 128 
the overall production of the North Pacific. The manuscript would benefit from a 129 
more systematic assessment featuring regional averages (say, at the biome scale?) 130 
and some kind of statistical metric or test. 131 
 132 
Thank you for your comment. Following your suggestion, we have revised the “Results” 133 
section based on the above and the minor comments below. Please see the attached pdf 134 
file. 135 
 136 
3. There may be other things to say about the choice of the data for the comparison, 137 
and about how model output was preprocessed (for instance, how did you process 138 
Chl profiles, was there any attempt to mimic the way the ocean color satellites 139 
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operate?). Since the simulations were forced using JRA-do reanalysis data, one 140 
would expect that the target for the models would be to reproduce or match 141 
available data.  142 
 143 
Since the 2000s, sea surface chlorophyll data has been accumulated for the last 20 years, 144 
and it is possible to analyze the seasonal variability. On the other hand, the vertical 145 
profiles of chlorophyll and PP in-situ observed data are mostly snapshots of limited places 146 
(time series stations, etc.) and observation lines, and there are few that are 147 
spatiotemporally aligned like nutrients and temperature such as WOA database. Since the 148 
2000s, comparable data have been published in the North Pacific and used in model 149 
validation. The observational data used for comparison in this study is not sufficient, so 150 
it is necessary to prepare publicly available data in order to analyze variations over several 151 
days to decade. 152 
 153 
New Lines 200-205: We have revised the text to clearly state, “The last 20 years (2000-154 
2019) average of model results were compared with satellite data, in-situ observations, 155 
and the climatological data (Chl, nitrate, and temperature). Although the model and 156 
observation periods differ somewhat, using the satellite and in-situ observation data 157 
observed during the simulation period (2000s), we compare whether the horizontal and 158 
vertical patterns of climatological seasonal variations can reproduce the patterns captured 159 
by the satellite and the snapshot observations. Especially, we focused on the Chl and PP 160 
patterns, which strongly reflect effects of the different assumptions about how growth 161 
rates depend on light and nutrients.” at the beginning of the Observational Data section. 162 
 163 
It is not clear what was the aim and objectives of the study, and perhaps that 164 
explanation is the only thing missing. The objectives and the rationale for choosing 165 
some data and patterns over potential alternatives needs to be justified. The models 166 
seem to be doing more than decent job, but the authors need to clarify to what extent 167 
some of the apparent biases observed both in surface and subsurface fields reflect 168 
are due to biases in simulated physical and chemical conditions or to differences on 169 
the phytoplankton model. 170 
 171 
New Lines 80-90: We the text to read, “Most of biogeochemical models have similar 172 
structure, with nitrogen as the main currency for a simplified food-web, which generally 173 
includes phytoplankton and zooplankton, and a regeneration network with detritus, 174 
dissolve organic nitrogen, and various nutrients (i.e.,Fasham et al., 1990). Whereas the 175 
more complex biogeochemical models have become more common (e.g., Follows et al., 176 
2007, Totterdell, 2019), simple phytoplankton growth (fixed stoichiometry, without 177 
photoacclimation) models are still applied widely. In this study, we focus on the 178 
acclimative growth response of phytoplankton as incorporated in these models. To 179 
evaluate the performance and implications of this acclimative response of phytoplankton 180 
growth to varying light and nutrient conditions across the North Pacific Ocean, we 181 
compare modeled chlorophyll and primary production from an inflexible phytoplankton 182 
control model (InFlexPFT), which assumes fixed C:N:Chl ratios (fixed stoichiometry), to 183 
a recently developed phytoplankton model  (FlexPFT, Smith et al., 2016), which 184 
incorporates photoacclimation and variable C:N:Chl ratios. We apply these two 185 
phytoplankton models in a 3-D eddy-resolving ocean circulation model of the North 186 
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Pacific, to assess each model's performance compared to observations of chlorophyll and 187 
primary production.” In the last paragraph of the Introduction. 188 
 189 
4. Finally, a key aspect that the authors need to make clear earlier in the paper is 190 
the feasibility that proposed and discussed mechanisms may be actually working in 191 
the field. There is room to discuss alternative mechanisms currently ignored by the 192 
two models assessed. For instance, interactions between grazers and phytoplankters, 193 
potential biases in export and recycling, the metabolic diversity of phytoplankton 194 
(*e.g.* nitrogen fixers, picophytoplankton), etc. 195 
 196 
In this study, we compared the two models, each with only one phytoplankton type: the 197 
FlexPFT incorporating variable C:N:Chl ratios and photoacclimation, and the InFlexPFT 198 
assuming constant composition without photoacclimation. With the FlexPFT, a single 199 
phytoplankton type adjusts its growth rate (i.e., acclimates) depending on available 200 
nutrients and light conditions. On the other hand, the InFlexPFT does not account for this 201 
physiological flexibility, and therefore either light or nutrient limitation tends to reduce 202 
growth rates more with the InFlexPFT compared to the FlexPFT. Also, we ignored other 203 
biological processes (e.g., interactions between grazers and phytoplanktons, export and 204 
recycling) of BGC model.  205 
 206 
New Lines 480-482: We have revised the text to read, “In addition, we will proceed with 207 
research on introducing flexible physiology to the growth of multiple phytoplankton, as 208 
well as associated food quality effects on predation by zooplankton, and the uncertainty 209 
of other biological processes, such as nitrification, grazing, mortality, export and 210 
recycling.” in the last paragraph of the Conclusions section. 211 
 212 
5. As a bonus question, although it does not seem central to the study at hand, the 213 
formulation of zooplankton grazing was quite intriguing for two reasons the deserve 214 
further comment; 215 
1. the numerical response seems to be nonstandard and deserves further comment, 216 
as well as the closure term 217 
 218 
We added zooplankton grazing equation, G(P), and explain this equation in Appendix A. 219 
 220 
2. Eq (A2) in L429 includes a quadratic mortality term for phytoplankton. That 221 
effectively means that phytoplankton dynamics follow logistic growth, which seems 222 
redundant with the formulation of phytoplankton growth as a function of available 223 
nutrients, and underwater light and temperature conditions, and with the common 224 
assumption of a population controlled though grazing by zooplankton. Perhaps I am 225 
missing something? 226 
 227 
In Eq. (A2), the time-varying formula for P is the growth rate, respiration, mortality, 228 
extracellular excretion (a part of growth rate returns N), and grazing by Zooplankton. 229 
Since this formula changes only mu contained in the section 2.2, it does not overlap with 230 
the growth rate formula pointed out in the comment. Our previous explanation was 231 
difficult to understand; therefore, in the revised manuscript we have added a symbol 232 
mu_InFlex or mu_Flex after mu in appendix. 233 
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 234 
----------------------------- 235 
*Minor comments* 236 
 237 
 238 
*Abstract* 239 
 240 
L001 - active voice? [Light and nutrient conditions ... ] 241 
 242 
New Line: We have revised from “…biomass to changing light and nutrient conditions…” 243 
to “… biomass to changes in light and nutrient availability…”. Phytoplankton biomass is 244 
passive response. 245 
 246 
L002 - define photoacclimation? 247 
 248 
New Line 2: We have defined “photoacclimation” in the second sentence of the revised 249 
abstract as follows: “…photoacclimation, i.e. the dynamic physiological response of 250 
phytoplankton to varying light and nutrient availability (variable chlorophyll: carbon 251 
ratios)” 252 
 253 
L002 - at the end your model features both photoacclimation and variable 254 
stoichiometry, perhaps it is worth highlighting it 255 
 256 
New Line 2: Yes, it is highlighting message in our manuscript. As mentioned in the 257 
comment above, we have added the definition of “photoacclimation”, and we now state 258 
clearly that the FlexPFT accounts for both photoacclimation and variable composition.   259 
 260 
L003 - break the sentence at the comme (it is already a bit twisted), and perhaps 261 
join with the next one? 262 
 263 
New Lines 4-5: We revised from “… their application and testing against oceanic 264 
observations remain limited.” to “… their application and testing against the observed 265 
flexible response of phytoplankton communities remains limited.”. 266 
 267 
L004 - as commented above, I recommend to go from simple to complex [say 268 
optimum nutrient uptake PFT to full FlexPFT], and provide a one sentence 269 
description with general details about the two models 270 
 271 
New Lines 6-9: As mentioned in the comment, we revised “We compare modeled 272 
chlorophyll and primary production from an inflexible control model (InFlexPFT), which 273 
assumes fixed carbon (C):nitrogen (N):chlorophyll (Chl) ratios, to a recently developed 274 
flexible phytoplankton functional type model (FlexPFT), which incorporates 275 
photoacclimation and variable C:N:Chl ratios.”. 276 
 277 
L007 - mention OFES2 by name [and acronym]? 278 
 279 
OFES2 is not mentioned in abstract, but it is described in the body text (Section 2). 280 
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 281 
L010 - [...] subsurface Chl maxima *in the subtropical gyre* [to provide context]. 282 
Otherwise please detail where exactly that happens (especially the overestimation of 283 
Chl). As commented above, a figure detailing the magnitude of deviations with 284 
satellite data would be very useful. 285 
 286 
New Line 12: We add “in the subtropical gyre” after “subsurface Chl maxima”. 287 
 288 
As a general comment about the abstract; data used for validation is not mentioned 289 
at all. Readers might just assume you are testing your model against "oceanic 290 
observations" [L003], which may be too vague 291 
 292 
New Lines 10: We added the “(e.g., satellite imagery and vertical profiles of in-situ 293 
observations)” after “We coupled each phytoplankton model … and evaluate their 294 
respective performance versus observations”. As the [L003] comment, we revised it. The 295 
term “oceanic observations” was ambiguous, so we revised it to “observed flexible 296 
response of phytoplankton communities”. 297 
 298 
----------------------------- 299 
*Introduction* 300 
 301 
L035 - not sure if there is something else besides pursuing efficiency and 302 
simplicity ;) ... 303 
 304 
Yes, I removed “for the sake of computational efficiency and simplicity.”. 305 
 306 
L077 - if InFexlPFT is a typical NPZD, then call it NPZD, or state here too that it is 307 
an NPZD implementing optimal uptake kinetics as per Smith et al 2009 [L135ff]? 308 
 309 
New Lines 84-90: As the [L077] and [L080] comments, we revised it as follows: 310 
“In this study, we focus on the acclimative growth response of phytoplankton as 311 
incorporated in these models. To evaluate the performance and implications of this 312 
acclimative response of phytoplankton growth to varying light and nutrient conditions 313 
across the North Pacific Ocean, we compare modeled chlorophyll and primary production 314 
from an inflexible phytoplankton control model (InFlexPFT), which assumes fixed 315 
C:N:Chl ratios (fixed stoichiometry), to a recently developed phytoplankton model  316 
(FlexPFT, Smith et al., 2016), which incorporates photoacclimation and variable C:N:Chl 317 
ratios. We apply these two phytoplankton models in a 3-D eddy-resolving ocean 318 
circulation model of the North Pacific, to assess each model's performance compared to 319 
observations of chlorophyll and primary production.” 320 
 321 
L080 - perhaps deter giving the full name and details of OFES2 to MatMet? 322 
 323 
We moved the sentence of full name and details of OFES2 to “Methods and Materials”. 324 
We revised from “… coupled physical-biological model of the North Pacific, consisting 325 
of the OFES2 including…” to “… coupled physical-biological model of the North Pacific, 326 
consisting of the physical ocean model (OFES2, namely the Ocean general circulation 327 
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model For the Earth Simulator) coupled with a simple nitrogen based Nitrate-328 
Phytoplankton-Zooplankton-Detritus (NPZD)…” in the first paragraph of the Section 2.1. 329 
 330 
----------------------------- 331 
*Methods and Materials* 332 
 333 
L085 - I understand you extensively modified the simple NPZD to implement either 334 
OU kinetics or FlexPFT. I mean, perhaps it is worth mention it and state that the 335 
default configuration consisted in a simple NPZD? [or maybe just provide those 336 
details later when talking about the BGC component of the model] 337 
 338 
In this study, we only changed the term of phytoplankton growth rate in the simple NPZD 339 
model. I don't think it is necessary for readers who understand the BGC model, but readers 340 
who are not very familiar with the BGC model or who will conduct research to discuss 341 
the uncertainty of phytoplankton growth rates and other biological processes (e.g., 342 
grazing, mortality, export and recycling, and nitrogen fixation) in the future. I think a 343 
short NPZD model description would be helpful for them. 344 
 345 
L089 - I would put all details about the configuration of the experiments together 346 
[L101]. The sentence in L93 is especially intriguing and disconnected from the rest 347 
of the explanation [L104]. 348 
 349 
New Lines 103-104: We revised from “The last day of 1979 is used for the initial physical 350 
fields for this simulation.” to “The last day of 1979 is used for the initial physical fields 351 
for performing coupled physical-biological model simulation.” in [L93]. 352 
 353 
New Lines 118-119: We revised from “Two NPZD models are incorporated after the last 354 
day of 1979 of the OFES2.” to “Two NPZD models are incorporated after the last day of 355 
1979 of the physical fields in the OFES2” in [L104]. 356 
 357 
L113 - Eq (1): perhaps Q(I,T) instead of just Q? 358 
 359 
In Section 2.2. Yes, you are right. Q and fv are functions of I, T, and N. In the explanation 360 
of the formula, we changed Q and fv to Q(N,I,T) and fv(N,I,T). 361 
 362 
L119 - Eq (2): I really did not like the symbol $¥mu_{Flex}(I,T)$, it seems potentially 363 
confusing ... what about just $¥mu_{¥mathrm{max}} ¥, S(I,T) ¥, F(T)$ or 364 
$¥mu_{Flex}^{*}(I,T)$ [where I would suggest the former] ... otherwise it may lead 365 
users to think you need some functional or to iteratively solve the equation? 366 
 367 
Thank you for your suggestion. We changed the symbol “mu_{Flex}(I,T)” to 368 
“mu_{max} S(I,T) F(T)” in Eqs. 5 and 7 in Section 2.2. 369 
 370 
L124 - Please detail how do you determine maximum affinity [if it is optimized on a 371 
daily basis, etc] 372 
 373 
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New Lines 178-180: These parameter values were determined by tuning the model to 374 
reproduce the seasonal and spatial variability of N and Chl in the near-surface of the North 375 
Pacific. We revised “Parameter values, mu_max, V_0, A_0, and alpha (Table 1) used in 376 
Eqs. 1 to 7 for the phytoplankton growth rate were tuned, separately for each coupled 377 
model, to reproduce the seasonal variability of N, and Chl in the near-surface of North 378 
Pacific.”. after explanation of equations. 379 
 380 
L131 - please detail how the optimal value of $¥theta$ is updated [I mean, that it is 381 
not a constant] 382 
 383 
Formula theta is so complicated that we will not go into details here, but just cite two 384 
papers (Pahlow et al., 2013 and Smith et al., 2016). The optimal value of theta is 385 
calculated and applied only when irradiance I is greater than the threshold irradiance; 386 
otherwise, when light levels are insufficient to justify the respiratory cost of chlorophyll 387 
synthesis, the model assumed that no new chlorophyll is produced. In the latter case, theta 388 
is set to a constant value (no photoacclimation).  389 
 390 
New Lines 174-176:  We have revised by adding: “The optimal value of Chl:C ratio in 391 
the FlexPFT is applied when irradiance I exceeds the threshold irradiance, below which 392 
the respiratory cost outweighs the benefits of producing chlorophyll (Pahlow et al., 2013 393 
and Smith et al., 2016).” 394 
 395 
L137 - ideally, it would be nice to see how one can go from Eq (7) to Eq (1) [if that is 396 
possible], Otherwise it may be worth stating whether the models are truly nested or 397 
they just feature different terms for nutrient the dependent growth [though they 398 
propagate to the other terms in FlexPFT] 399 
 400 
In the InFlexPFT, N-limitation and light-limitation have independent (multiplicative) 401 
effects on growth. In the FlexPFT, the trade-off between light- and nutrient- acquisition 402 
is built into the formulations, resulting in inter-dependent effecs. Therefore, there is not 403 
clear way to migrate simply from the InFlexPFT growth equation to the FlexPFT growth 404 
equation. Here, we will keep the difference in the formula of growth and leave any such 405 
derivation for future work. 406 
 407 
L153ff - perhaps explicitly include formulas for Chl and PP [$Chl = P ¥, ¥theta / Q 408 
¥quad ¥text{in FlexPFT}$, etc] 409 
 410 
New Lines 193-198: We have added “Chl = P x theta/Q” and “PP = mu_Flex x P x 1/Q”. 411 
etc. 412 
 413 
L155 - I also miss some details here about what kind of outputs were compared to 414 
observations. In principle, since JRA-do is a reanalysis dataset, you might expect a 415 
direct match between simulated fields and observations at sea. 416 
 417 
Many studies of physical fields using OFES2 output have been carried out. In particular, 418 
the reproducibility of OFES2 has been reported in Sasaki et al. (2020) and others. Here, 419 
we want to discuss the difference in phytoplankton biomass and production depending on 420 
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the growth formula, so we keep it to the minimum verification for physical fields 421 
(temperature and nutrients). 422 
 423 
L165 - perhaps follow the order physics, chemistry, biology? Again, missing some 424 
rationale for the choices and the way the model was evaluated 425 
 426 
Verification of model results requires data (physical, biogeochemical fields) on various 427 
spatiotemporal scales. Verification of modeled temperature and nutrient distribution, 428 
which are functions of growth, is carried out only in comparable cross-sections (2 lines). 429 
In this study, we discuss seasonal variability of climatological values in the biological 430 
fields as an example. Impacts not considered this time (circulation, mixing, etc.) will be 431 
discussed in the future. 432 
 433 
 434 
----------------------------- 435 
*Results and Discussion* 436 
 437 
-> *general comment* as an author myself I can understand the preference for 438 
pooling the two sections, as a reader I am not such a fan. 439 
 440 
We divided this section into “Results” and “Discussion”. 441 
 442 
L174ff - it seems that the physical component of the model was evaluated elsewhere; 443 
if that is the case it would be better to explicitly state so, but it would be ok to go 444 
beyond the ability of the model to reproduce major circulation features to mention 445 
at least its skill in reproducing temperature and nutrient fields. 446 
 447 
New Lines 225-226: We added “In addition, the seasonal variability of T and N fields in 448 
the near-surface over the North Pacific are also well reproduced (not shown).” between 449 
“The eddy-resolving ocean … mesoscale eddies, and upwelling events.” and “These 450 
physical processes …”. 451 
 452 
L185 - there is certain paradox here since the initial focus of the manuscript on 453 
phytoplankton biomass and productivity mutates here on a large section devoted to 454 
two sections devoted to chlorophyll (which, needless to say in the context of a 455 
photoacclimation paper, is not biomass) 456 
 457 
New Lines 229-238: We revised the description of results section in the first paragraph 458 
before the 3.1 section.  459 
From “Here we focus on the different assumptions about how phytoplankton growth rate 460 
depends on ambient nitrogen concentration and light intensity. First, the reproducibility 461 
of seasonal and horizontal Chl distributions is described. Next, we compare the results of 462 
the two coupled physical-biological models in terms of Chl and PP along two vertical 463 
transects (north-south and east-west, respectively) in the North Pacific, and discuss the 464 
reasons for the differences. Finally, the difference in PP as calculated by these two models 465 
over the North Pacific is also discussed.”  466 
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to “Here we focus on the different assumptions about how phytoplankton growth rate 467 
depends on ambient nitrogen concentration and light intensity. First, the reproducibility 468 
of seasonal and horizontal Chl distributions is described. As the Chl concentration in the 469 
FlexPFT is calculated from P x theta /Q, and reflects the changes in theta and Q, we 470 
examine how variations in C:N:Chl ratios impact the surface Chl pattern. Next, we 471 
compare the results of the two coupled physical-biological models in terms of Chl and PP 472 
along two vertical transects (north-south and east-west, respectively) in the North Pacific, 473 
and discuss the reasons for the differences. Especially, the role of photoacclimation in the 474 
formation of SCM and the growth rate on the variable C:N:Chl ratios of phytoplankton. 475 
Finally, the difference in PP as calculated by these two models over the North Pacific and 476 
the comparison with limited PP vertical profiles are discussed. The extent to which the 477 
different growth rate (InFlexPFT vs FlexPFT) affects the estimated PP is described.”. 478 
 479 
L185 and 200 - perhaps the titles of these sections should somehow detail that they 480 
refer to model to data intercomparisons (w.r.t. the section starting on L321) 481 
 482 
We changed two section’s titles.  483 
1. New Line 261: “3.2 Comparison of Vertical Distributions of Chl and PP along the 484 

Two Transects Lines” 485 
2. New Line 386: “3.3 Vertical Profiles of PP at Three Stations and PP Patterns” . 486 

 487 
L190 - please provide some quantitative summary of deviations between models and 488 
obs 489 
 490 
New Line: We added quantitative discussion in “Results” section (see attached pdf file). 491 
 492 
L200ff - the narrative here becomes a bit difficult to follow to me ... perhaps an 493 
alternative structure [grouping results per biome for instance], or just a diagram or 494 
table summarizing the main findings [obs, simulated patters, most important 495 
regulating factor, etc] might make the section easier to follow 496 
 497 
We revised the “Results” section. See attached file. 498 
 499 
L277 - why? Is it possible to partition the amount of variation due to each to I, N 500 
and T? 501 
 502 
It is possible to separate and present the limitation factors. However, here we examine 503 
the differences by simultaneously plotting the three factors (I is different symbol, N is 504 
horizontal axis, and T is color) that control the growth rate. In addition, we explain the 505 
effect of the C: N ratio in the FlexPFT.  506 
 507 
L327 - horizontally and vertically? Could you develop a bit more what you mean? 508 
 509 
New Lines 408-410: We added “At the gyre boundary, in addition to the surface, primary 510 
production is greater compared to other regions. Because the nutricline depth (close to 511 
the base of the euphotic layer) and the light intensity are optimal for the spring production.” 512 
after “… the spring bloom occurs both horizontally and vertically.”. 513 
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 514 
L346ff - I think this paragraph belongs to the previous section 515 
 516 
New Lines 386-426: We changed the order of this section and the previous section. 517 
Old Figure numbers 8 and 9 changed to new figure numbers 9 and 8. 518 
 519 
----------------------------- 520 
*Conclusions* 521 
 522 
L375 - perhaps *acclimation* instead of *adaptive response*? 523 
 524 
New Line 469: We revised from “adaptive response” to “acclimation”. 525 
 526 
L409 - perhaps the IA abbreviation can be omitted here to detail instantaneous 527 
acclimation 528 
 529 
We deleted “IA” as the comment. 530 
 531 
----------------------------- 532 
*Appendix A* 533 
 534 
L429 - please note comment above about Eq (A2) 535 
 536 
Same response to Major comment 5. 537 
 538 
L435 - please detail the type of numerical response (*i.e.* no need to force interested 539 
readers to go to Sasai et al 2016). My excursion to that paper suggest it is a Gompertz 540 
function with a threshold ... did not seem entirely standard (I mean, a commonly 541 
used formulation). 542 
 543 
We added G(P) equation (A6) after A5. 544 
 545 
----------------------------- 546 
*Figures* 547 
 548 
Figure 1 - nice maps! Some suggestions doubts to comment in the text; 549 
 550 
- add transect lines to panels c and k? 551 
 552 
We added transect lines to Figs.1 c and k.  553 
 554 
- what happened in the Gulf of Alaska and at Bering Sea? 555 
 556 
In these regions (low Chl), the modeled nitrate concentration in the surface layer is 557 
depleted (not shown). Possibility, in the shallow Bering Sea (East side), nutrient supply 558 
is little by the modeled physical processes (e.g., circulation or tidal mixing between 559 
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marginal sea and open ocean) or is no river inflow (not include). Therefore, the physical 560 
model needs to be improved. 561 
 562 
- the distinct shape of the gyre suggests there may be underlying biases in ocean 563 
physics propagating to chl [what about simulated MLD?] 564 
 565 
The model MLD reproduced its seasonal variations. Comparing OFES2 with WOA, the 566 
climatological MLD in the model tends to be deeper (25 – 50 m in March) in the boundary 567 
of two gyres (not shown). In this study, we are comparing by climatological value, so we 568 
would like to discuss the Chl biases due to the mixed layer in future. 569 
 570 
Figures 2 and 3 - again nice figures and amazing results 571 
 572 
- physics, chemistry, biology? [order of columns] 573 
 574 
It is shown in order to emphasize the difference in reproducibility of the vertical 575 
distribution of chlorophyll. The reproducibility of temperature and nutrient distributions 576 
depends on the physical fields of the model. Temperature and nutrient environments are 577 
important for biomass such as chlorophyll, but the formula is controlled by BGC model, 578 
and even if the temperature and nutrient environment is the same, the bias becomes large. 579 
 580 
- why not directly comparing data for 2002/2003? [it would be nice to check whether 581 
the model reproduces small scale heterogeneity] 582 
 583 
In the data of JODC, the observed location, depth, and time are different. Perhaps it is 584 
capturing variations of chlorophyll on small scale. We have checked the similar 585 
patchiness of daily mean chlorophyll (Simulated date is July, 1st, 2001) pattern in the 586 
model along the same transect line (See attached file). Its chlorophyll pattern in the 587 
FlexPFT model reflects the effect of small variability of vertical nitrate pattern (1 mmol 588 
N m-3). Even in the InFlexPFT model, a smaller scale pattern can be reproduced, but the 589 
SCM is not clear. This is future study to investigate the impact of smaller scale process 590 
on the chlorophyll distribution.  591 
 592 
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 593 
 594 
 595 
Figures 6 and 7 596 
 597 
- I like the figures but still feel they fail to clearly convey whether N and I are more 598 
important than T ... How would an equivalent figure with T in the abscissa look like? 599 
How can you partition which variable contributes more variability? 600 
 601 
T-limitation is also important around 20 degree C, which is reference temperature in T-602 
limitation equation, (in the subtropical region) for growth rate. Especially, in the 603 
subsurface layer (50m in below figure), Figures 6e and 7e show the higher growth rate 604 
compared with the that of surface layer (same N concentration and strong light intensity). 605 
Figure (e) (165E, 35N), where is the boundary between two gyres, shows the high growth 606 
rate around 20 degree C in the subsurface layer (50m). At other locations, the effect of T-607 
limitation for growth rate is smaller than the N- and light-limitations.  608 
 609 
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 610 
 611 
In the east-west line, the similar pattern shows below. As the locations in Figures (d) and 612 
(e) are close to (165E, 35N), and the FlexPFT growth rate is the highest around 20 degree 613 
C. 614 

 615 
 616 
Figure 8 617 
 618 
I think the results for FlexPFT would compare well with satellite based NPP 619 
products. Indeed, it would be great if, beyond biases in InFlexPFT the authors can 620 
show that actually the simpler model fails to capture large scale gradients [or at least, 621 
that is the impression I got]. 622 
 623 
Satellite based NPP has a large range depending by the formula of NPP to estimate (e.g., 624 
Kulk et al., 2020). Attached figure (below) shows the seasonal variability of NPP 625 
distribution map with three different (CAFE, CBPM, and VGPM) estimates using 626 
satellite data for comparison of modeled estimation. CAFE is the Carbon, Absorption, 627 
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and Fluorescence Euphotic-resolving net primary production model, which is an 628 
adaptable framework for advancing global ocean productivity assessments by exploiting 629 
state-of-the-art satellite ocean color analyses and addressing key physiological and 630 
ecological attributes of phytoplankton (Silsbe et al., 2016, 631 
https://doi.org/10.1002/2016GB005521). CbPM is the Carbon-based Production Model, 632 
where inorganic carbon is fixed by photosynthetic processes (Behrenfeld et al., 2005, 633 
https://doi.org/10.1029/2004GB002299). VGPM is the Vertically Generalized 634 
Production Model, which is a chlorophyll-based model that estimate net primary 635 
production from chlorophyll, available light, and the photosynthetic efficiency 636 
(Behrenfeld and Falkowski 1997). These data are from Ocean Productivity web site 637 
(https://sites.science.oregonstate.edu/ocean.productivity/). 638 
Due to the large variability of three satellite based NPP map, only the differences 639 
between the models are shown in this study.  640 
 641 

 642 
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 643 
 644 
 645 
Figure 9 646 
 647 
Is it possible to complement these profiles with a time series plot? [perhaps the 648 
monthly climatology at each site] 649 
 650 
New Line 387: Modeled data shows the daily mean during 2000 to 2019. We added 651 
“modeled daily mean” in the first sentence of section 3.3. 652 
 653 
 654 
 655 
 656 
 657 
 658 
 659 
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Response to Reviewer #2 660 
 661 
General Comments  662 
The manuscript "Physiological flexibility of phytoplankton impacts modeled 663 
biomass and primary production across the North Pacific Ocean" by Y. Sasai and 664 
colleagues compares modeled phytoplankton biomass and primary production 665 
from a flexible plankton community model accounting for photoacclimation and 666 
variable C:N:Chl, with an inflexible plankton community model assuming 667 
constant C:N:Chl ratios. These models are coupled to a 3-D eddy-resolving ocean 668 
circulation model of the North Pacific. The authors compare the performance of 669 
these models by using Chl, nutrient, and primary production observations and 670 
find that primary production and chlorophyll were better predicted/modeled by 671 
incorporating photoacclimation and variable C:N:Chl ratios. 672 
This manuscript provides valuable results that are important for the future 673 
implementation of plankton community models. However, as the manuscript 674 
stands, I suggest major revisions to outlay a more clear motivation and revise the 675 
methods, results, and discussion sections to allow readers to more easily follow this 676 
manuscript.  677 
 678 
We thank Reviewer #2 for valuable comments on our manuscript. The major revised 679 
points are 5 items below. The individual responses (fine characters) to the Reviewer 680 
#2’s comments (bold characters) are described after the list of major 5 items. 681 
 682 
8. Title changed “Physiological flexible of phytoplankton impacts modeled chlorophyll 683 

and primary production across the North Pacific”. Because phytoplankton biomass 684 
changed chlorophyll. 685 

 686 
9. Introduction 687 

We added the aim and objective in the last paragraph of Introduction. 688 
 689 
10. Methods and Materials 690 

We revised the two subsections “2.2 Formation of Phytoplankton Growth in the 691 
Biological Model” and “2.3 Observed Data” in section 2. 692 
 693 
In subsection 2.2, we changed from simple phytoplankton growth rate (InFlexPFT) 694 
description to complex phytoplankton growth rate (FlexPFT) description.  695 
 696 
In subsection 2.3, we revised the description of observed data to compare the model 697 
results. The observed year and modeled year are not same, but they are compared to 698 
confirm the reproducibility of the model climatological averaged field (e.g., season). 699 
We revised the first paragraph of subsection 2.3. 700 

 701 
11. Results 702 

We changed section title from “Results and Discussion” to “Results”. 703 
We changed three subsection titles.  704 

Title of subsection 3.1 is “Comparison of Surface Chl Pattern”.  705 
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Title of subsection 3.2 is “Comparison of Vertical Distributions of Chl and PP 706 
along Two transect Lines”.  707 
Title of subsection 3.3 is “Vertical Profiles of PP at three stations and PP pattern”.  708 

We added the quantitative description in section 3, everywhere. 709 
 710 
12. We added the “Discussion” and revised the “Conclusion”. 711 
 712 
 ----------------------------- 713 
Specific comments:  714 
  715 
1. There should be a more clearly description of the structural differences 716 
between models. Although the description of the models is easy to follow, there is 717 
some confusion about what the key differences between models are. For example, 718 
throughout the manuscript, the text deviates on whether only the complex model 719 
implements photoacclimation or both models do. In Table 1, the differences in 720 
potential maximum growth rates can create confusion on whether it is the same 721 
model simply having a higher growth rate, or understanding where the main 722 
differences between models are coming from.  723 
 724 
Thank you for your comment. As your suggestion, we revised the “Methods and 725 
Materials” section based on the suggestions above and the minor comments below. In 726 
the revised manuscript, we now specify that only the FlexPFT model includes 727 
photoacclimation.  Please see the attached manuscript file. 728 
 729 
Description of difference in maximum growth rate was added in section 2.2.   730 
New Lines 183-186: “For example, the potential maximum growth rate, mu_max, is 1.5 731 
(day^-1) for the InFlexPFT, compared to 2.2 (day^-1) for the FlexPFT. Increasing the 732 
potential maximum growth rate decreases the surface $N$ concentration in the subpolar 733 
gyre, to the point of depleting nutrient during summer, while increasing the surface Chl 734 
concentration across the whole gyre.” 735 
 736 
1. The results section can be hard to follow in some parts, and quantitative 737 
information backing up the results stated will allow readers to better understand 738 
the variation between models and models and observations.  739 
 740 
Thank you for your comment. Following your suggestion, we revised the “Results” 741 
section based on this comment and other minor comments. Please see the attached file. 742 
 743 
1. The aims and objectives of the study are lacking throughout the manuscript, 744 
especially when stating what observations are being used.  745 
 746 
New Lines 80-90: We the text to read, “Most of biogeochemical models have similar 747 
structure, with nitrogen as the main currency for a simplified food-web, which generally 748 
includes phytoplankton and zooplankton, and a regeneration network with detritus, 749 
dissolve organic nitrogen, and various nutrients (i.e.,Fasham et al., 1990). Whereas the 750 
more complex biogeochemical models have become more common (e.g., Follows et al., 751 
2007, Totterdell, 2019), simple phytoplankton growth (fixed stoichiometry, without 752 
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photoacclimation) models are still applied widely. In this study, we focus on the 753 
acclimative growth response of phytoplankton as incorporated in these models. To 754 
evaluate the performance and implications of this acclimative response of 755 
phytoplankton growth to varying light and nutrient conditions across the North Pacific 756 
Ocean, we compare modeled chlorophyll and primary production from an inflexible 757 
phytoplankton control model (InFlexPFT), which assumes fixed C:N:Chl ratios (fixed 758 
stoichiometry), to a recently developed phytoplankton model  (FlexPFT, Smith et al., 759 
2016), which incorporates photoacclimation and variable C:N:Chl ratios. We apply 760 
these two phytoplankton models in a 3-D eddy-resolving ocean circulation model of the 761 
North Pacific, to assess each model's performance compared to observations of 762 
chlorophyll and primary production.” In the last paragraph of the Introduction. 763 
 764 
There needs to be a better explanation of why this data was used, and why 765 
comparing the last 20 years of the model run with observations from different 766 
years instead of exact comparisons? 767 
 768 
Since the 2000s, sea surface chlorophyll data has been accumulated for the last 20 769 
years, and it is possible to analyze the seasonal variability. On the other hand, the 770 
vertical profiles of chlorophyll and PP from in-situ observations are mostly snapshots of 771 
limited places (time series stations, etc.) and observation lines, and there are few that are 772 
spatiotemporally aligned with nutrients and temperature, as in the WOA database. Since 773 
the 2000s, comparable data have been published in the North Pacific and used for model 774 
validation. For a more through comparison and assessment of model performance, it 775 
will be necessary to prepare more publicly available data in order to analyze variations 776 
over different timescales, from days to decades. 777 
 778 
New Lines 200-205: We have revised the text to clearly state, “The last 20 years (2000-779 
2019) average of model results were compared with satellite data, in-situ observations, 780 
and the climatological data (Chl, nitrate, and temperature). Although the model and 781 
observation periods differ somewhat, using the satellite and in-situ observation data 782 
observed during the simulation period (2000s), we compare whether the horizontal and 783 
vertical patterns of climatological seasonal variations can reproduce the patterns 784 
captured by the satellite and the snapshot observations. Especially, we focused on the 785 
Chl and PP patterns, which strongly reflect effects of the different assumptions about 786 
how growth rates depend on light and nutrients.” at the beginning of the Observational 787 
Data section. 788 
 789 
1. Lastly, an explanation of limitations and what still needs to be improved from 790 
these models can be useful.  791 
 792 
In this study, we compared the two models, each with only one phytoplankton type: the 793 
FlexPFT incorporating variable C:N:Chl ratios and photoacclimation, and the 794 
InFlexPFT assuming constant composition without photoacclimation. With the 795 
FlexPFT, a single phytoplankton type adjusts its growth rate (i.e., acclimates) 796 
depending on available nutrients and light conditions. On the other hand, the InFlexPFT 797 
does not account for this physiological flexibility, and therefore either light or nutrient 798 
limitation tends to reduce growth rates more with the InFlexPFT compared to the 799 
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FlexPFT. Also, we ignored other biological processes (e.g., interactions between grazers 800 
and phytoplanktons, export and recycling) of BGC model.  801 
 802 
New Lines 480-482: We have revised the text to read, “In addition, we will proceed 803 
with research on introducing flexible physiology to the growth of multiple 804 
phytoplankton, as well as associated food quality effects on predation by zooplankton, 805 
and the uncertainty of other biological processes, such as nitrification, grazing, 806 
mortality, export and recycling.” in the last paragraph of the Conclusions section. 807 
 808 
------------------------------ 809 
Technical corrections:  810 
  811 
Abstract: 812 
L005 - Does InFlexPFT also incorporate photoacclimation?   813 
 814 
New Lines 6-9: The InFlexPFT control model does not incorporate photoacclimation 815 
because the Chl:C ratio (Eq. 5 in old version) is fixed by the equation of light limitation 816 
(fixed stoichiometry). We revised the text to read, “We compare modeled chlorophyll 817 
and primary production from an inflexible control model (InFlexPFT), which assumes 818 
fixed carbon (C):nitrogen (N):chlorophyll (Chl) ratios, to a recently developed flexible 819 
phytoplankton functional type model (FlexPFT), which incorporates photoacclimation 820 
and variable C:N:Chl ratios.” in the abstract. 821 
 822 
L008 - Briefly Specify where these observations are coming from.  823 
 824 
New Line 10: We added the “(e.g., satellite imagery and vertical profiles of in-situ 825 
observations)” after “We coupled each phytoplankton model … and evaluate their 826 
respective performance versus observations”. 827 
 828 
L009 - What about nutrients? They are mentioned in the earlier line.  829 
 830 
We deleted “nutrients”. 831 
 832 
L010 - Specify where this subsurface Chl maximum is reproduced, and the Chl 833 
concentrations are overestimated. 834 
 835 
New Line 12: We add “in the subtropical gyre” after “subsurface Chl maxima”. 836 
 837 
L014 - You should also state the role of FlexPFT incorporating photoacclimation. 838 
 839 
New Lines 16-18: We revised last sentence of the abstract to read: “Compared to the 840 
InFlexPFT, the key differences that allow the FlexPFT to better reproduce the observed 841 
patterns are its assumption of variable, rather than fixed, C:N:Chl ratios and inter-842 
dependent, rather than strictly multiplicative, effects of light- “(photoacclimation)” and 843 
nutrient- “(uptake)” limitation.”. 844 
 845 
Introduction:  846 
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L029-L030 - Provide further details on how they are debated.  847 
 848 
New Lines 32-35: “For example, some models include numerous phytoplankton and 849 
zooplankton types (Ward et al., 2013), others resolve complexity selectively for specific 850 
trophic levels (Follows et al., 2007, Gothlich and Oschlies, 2012), and others 851 
incorporate physiological trade-offs into ecological parameterizations (Smith et al., 852 
2016, Pahlow et al., 2020).”  853 
 854 
L072 - cite some of the few tests that have been conducted.  855 
 856 
New Line 75: We added these references (e.g., Masuda et al., 2021, Matsumoto et al., 857 
2021). 858 
 859 
L075 - FlexPFT is also an NPZD model no?, I would recommend rephrasing this 860 
sentence to more clearly depict the differences between the control and flexible 861 
C:N:Chl model.  862 
  863 
New Lines 84-90: The FlexPFT is a part of phytoplankton equation (Eq. A2) in the 864 
NPZD model. 865 
We have revised as follows: 866 
“In this study, we focus on the acclimative growth response of phytoplankton as 867 
incorporated in these models. To evaluate the performance and implications of this 868 
acclimative response of phytoplankton growth to varying light and nutrient conditions 869 
across the North Pacific Ocean, we compare modeled chlorophyll and primary 870 
production from an inflexible phytoplankton control model (InFlexPFT), which 871 
assumes fixed C:N:Chl ratios (fixed stoichiometry), to a recently developed 872 
phytoplankton model  (FlexPFT, Smith et al., 2016), which incorporates 873 
photoacclimation and variable C:N:Chl ratios. We apply these two phytoplankton 874 
models in a 3-D eddy-resolving ocean circulation model of the North Pacific, to assess 875 
each model's performance compared to observations of chlorophyll and primary 876 
production.” 877 
 878 
 879 
Methods and Materials:  880 
L085 - Very descriptive, but this sentence is a bit hard to follow, I would 881 
recommend restructuring to make it more clear.  882 
 883 
New Lines 94-104: We have revised the text to read:   884 
“We used a coupled physical-biological model of the North Pacific, consisting of the 885 
physical ocean model, which is an eddy-resolving (1/10) OFES2 (the Ocean general 886 
circulation model For the Earth Simulator) including sea-ice (Masumoto et al., 2004, 887 
Komori et al., 2005, Sasaki et al., 2020) coupled with a simple nitrogen-based Nitrate-888 
Phytoplankton-Zooplankton-Detritus (NPZD) pelagic model (Sasai et al., 2006, 2010, 889 
and 2016). The OFES2 domain extends from 20S in the South Pacific to 68N in the 890 
North Pacific and from 100E to 70W. The OFES2 has 1/10 horizontal resolution with 891 
105 vertical levels, from 5 m thickness at the surface to 300 m thickness at the 892 
maximum depth of 7500 m. The physical fields were spun up for 50 years under 893 
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climatological forcing data (wind stresses, heat flux, and freshwater flux) from the 894 
Japanese 55-year Reanalysis (JRA55-do) (Tsujino et al., 2018) and from the initial 895 
condition of the observed climatological fields of temperature and salinity (World 896 
Ocean Atlas 2009, WOA09) (Antonov et al., 2010, Locarnini et al., 2010) without  no 897 
motion for 50 years. After 50 years of spin-up integration, the OFES2 was forced by 3-898 
hourly JRA55-do from 1958 to 1979. The last day of 1979 is used for the initial 899 
physical fields for performing coupled physical-biological model simulation.”. 900 
  901 
L101 - state the value of this initial nitrogen N field if possible, otherwise be more 902 
specific on what you mean here.  903 
 904 
New Lines 112-115: We revised from “the WOA09” to “the observed annual 905 
climatological values of WOA09 The initial N concentration range from 5 to 20 (mmol 906 
N m^-3) in the subpolar surface and 0.1 to 5 (mmol N m^-3) in the subtropical surface.” 907 
  908 
L102-L03 - is there a reason why these values were used? Add citation, reasoning, 909 
or state that it is part of model calibration? 910 
 911 
New Lines 117-118: We added some citations. We added “These P, Z, and D initial 912 
values are taken from Sasai et al. (2006, 2010, 2016).”. 913 
 914 
L104 - This sentence feels a bit out of place. I would add this to your previous 915 
description in L093.  916 
 917 
This sentence leads to the previous section (explanation of the steady state of physical 918 
fields), so we revised it as follows: 919 
 920 
New Lines: We revised from “The last day of 1979 is used for the initial physical fields 921 
for this simulation.” to “The last day of 1979 is used for the initial physical fields for 922 
performing coupled physical-biological model simulation.” in [L93]. 923 
 924 
New Lines 118-119: We revised from “Two NPZD models are incorporated after the 925 
last day of 1979 of the OFES2.” to “Two NPZD models are incorporated after the last 926 
day of 1979 of the physical fields in the OFES2” in [L104]. 927 
 928 
L115 - If Q is a function of I, N, and T, I would add that in Eq1. Q(I,N,T).  929 
 930 
We added Q(I,N,T) and fv(I,N,T) are a function of I, N,T in equations in Section 2.2.  931 
  932 
L116-L117 - Add citation directing to Eq.4. Fv is repeated in L125. 933 
 934 
We added citation directing for each equation.  935 
 936 
L124 - Explain how you determine potential maximum affinity for N. Also cite 937 
table 1. 938 
 939 
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These parameter values were determined by tuning the model to reproduce the seasonal 940 
and spatial variability of N and Chl in the near-surface of the North Pacific.  941 
New Lines 178-180: These parameter values were determined by tuning the model to 942 
reproduce the seasonal and spatial variability of N and Chl in the near-surface of the 943 
North Pacific. We revised “Parameter values, mu_max, V_0, A_0, and alpha (Table 1) 944 
used in Eqs. 1 to 7 for the phytoplankton growth rate were tuned, separately for each 945 
coupled model, to reproduce the seasonal variability of N, and Chl in the near-surface of 946 
North Pacific.”. after explanation of equations. 947 
 948 
L131- cite table 1 after the theta explanation.  949 
 950 
New Line 133: We have revised to cited table 1 after biological parameters used 951 
(potential maximum growth rate, potential maximum uptake rate for N, potential 952 
maximum affinity for N, and initial slope of growth versus light intensity). 953 
 954 
L132 – Is there a reasoning behind the activation energy Ea used? If so, cite it. Is it 955 
derived from observations? 956 
 957 
In this study, we set to constant Ea value for growth rate, corresponding to an doubling 958 
of rate for a 10 degree C increase in temperature (i.e., Q_10 = 2.0, which is a typical 959 
empirically-based value for the temperature sensitivity of phytoplankton growth rates 960 
(Eppley, 1972, Bissinger et al., 2008). Because it doesn’t depend on phytoplankton 961 
metabolic rates under different nitrate limitation (Maranon et al., 2018, 962 
https://doi.org/10.1038/s41396-018-0105-1). 963 
 964 
New Lines 145-148: “E_a is the activation energy (4.8 x 10^4 J mol^-1), which is set to 965 
a constant value, corresponding to a doubling of growth rate for a 10 degree C increase 966 
in temperature (i.e., Q_10 = 2.0), which is a typical empirically-based value for the 967 
temperature sensitivity of phytoplankton growth rates (Eppley, 1972, Bissinger et al., 968 
2008).”. 969 
 970 
L135 – I understand why $¥mu_{InFlex}$ and $¥mu_{Flex}$ are used, but they 971 
are quite lengthy, if possible I would abbreviate them to have shorter names.  972 
 973 
We shortened the letters. Mu_InFlex to “mu_IFL” and mu_Flex to “mu_FL” in Section 974 
2.2 and Appendix. 975 
  976 
L138 - since you already explained the potential maximum uptake rate and the 977 
potential maximum affinity for N above, I don't think you need to explain them 978 
again here, but do add the last part of this sentence and citations (L139) in L124.  979 
 980 
We have deleted the explanation of the potential maximum uptake rate and the potential 981 
maximum affinity for N in this sentence. 982 
 983 
L154 - This part is difficult to follow. Expand further on this paragraph. All these 984 
parameters are introduced, but no equation explains where they come from. 985 
 986 
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New Lines 193-198: We have revised the text to the following: 987 
“For the InFlexPFT, Chl concentration (mg m^-3) is P (mmol N m^-3) x the constant 988 
Chl:N ratio (1.59 g Chl (mol N)^-1), and PP (mgC m^-3 day^-1) is mu_IFL P (mmol N 989 
m^-3 day^-1, Eq. 1) x the fixed C:N ratio (Redfield ratio = 106:16 mol C (mol N)^-1). 990 
In the FlexPFT, the Chl concentration (mg m^-3, = P x theta /Q) is the phytoplankton 991 
concentration, P (mmol N m^-3), x the variable Chl:N ratio (g Chl (mol N)^-1, theta 992 
/Q), and Primary Production, PP  (mgC m^-3 day^-1), is mu_FL P (mmol N m^-3 993 
day^-1, Eq. 4) x the variable C:N ratio (mol C (mol N)^-1), 1/Q) (Eq. 5 and Smith et al., 994 
2016).” 995 
 996 
L158-L163 More explanation/rationale is needed here on model evaluation and 997 
why these observational datasets were selected. 998 
  999 
We added the following explanation (same response to the major comment 3-2.).  1000 
New Lines 200-205: We have revised the text to clearly state, “The last 20 years (2000-1001 
2019) average of model results were compared with satellite data, in-situ observations, 1002 
and the climatological data (Chl, nitrate, and temperature). Although the model and 1003 
observation periods differ somewhat, using the satellite and in-situ observation data 1004 
observed during the simulation period (2000s), we compare whether the horizontal and 1005 
vertical patterns of climatological seasonal variations can reproduce the patterns 1006 
captured by the satellite and the snapshot observations. Especially, we focused on the 1007 
Chl and PP patterns, which strongly reflect effects of the different assumptions about 1008 
how growth rates depend on light and nutrients.” at the beginning of the Observational 1009 
Data section. 1010 
 1011 
L162-170 - It would be nice to map the observations and add them as a 1012 
supplementary figure. It will be easier to understand what observations you are 1013 
using.  1014 
 1015 
The compared observation lines and stations are summarized in Figure 1. Two transect 1016 
lines (JMA and JODC observation lines) are shown in Figures 1c, 1g, and 1k in summer 1017 
map. Three time series stations (Station K2, Station S1, and Station ALOHA) are shown 1018 
in Figures 1d, 1h, and 1l in winter map. 1019 
 1020 
 1021 
Results and Discussion: 1022 
  1023 
L174 - cite the satellite imagery and in-situ observations.  1024 
  1025 
New Lines 220: We revised from “the satellite imagery and in-situ observations.” to 1026 
“MODIS-Aqua imagery and vertical profiles of in-situ observations (JMA and JODC 1027 
ship observation lines).”. 1028 
 1029 
L174-177 - Should this physical evaluation go on the results. Was this part of this 1030 
project or evaluated elsewhere? If so, state that. 1031 
 1032 
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New Lines 225-226: We added “In addition, the seasonal variability of T and N fields in 1033 
the near-surface over the North Pacific are also well reproduced (not shown).” between 1034 
“The eddy-resolving ocean … mesoscale eddies, and upwelling events.” and “These 1035 
physical processes …”. 1036 
 1037 
 1038 
New Lines: In the surface Chl pattern, the contrast of Chl between two gyres, and high 1039 
Chl in the coastal upwelling are clearly shown using the OFES2. We added “using an 1040 
eddy-resolving (1/10) OFES2” between “Overall,” and “the two models” and after “… 1041 
MODIS-Aqua imagery.” to “In particular, the contrast between two gyres and the 1042 
coastal upwelling region more clearly than lower-resolution (e.g., 1 degree, about 100 1043 
km) models (e.g., Moore  et al., 2001, Vichi et al., 2007, Follows et al., 2007, Gothlich 1044 
and Oschlies, 2012) by using the OFES2.”. 1045 
 1046 
L182 - Throughout the manuscript, the focus is on comparing biomass and 1047 
primary production between these two models, but now through the results the 1048 
focus changes to comparing the chlorophyll pattern which is a proxy to biomass, 1049 
but not biomass. 1050 
  1051 
We changed from “biomass” to “chlorophyll”. We changed the manuscript title to 1052 
“Physiological flexibility of phytoplankton impacts modeled chlorophyll and primary 1053 
production across the North Pacific Ocean” 1054 
 1055 
L185 - The title should state this is a comparison since the paragraph concentrates 1056 
on the model to satellite imagery comparison.  1057 
  1058 
New Lines 239: We changed the title to “Comparison of Surface Chl Patterns”. 1059 
 1060 
L187- Are there any biased statistics to see how well the seasonal variations 1061 
compare and what the deviations are?  1062 
 1063 
The seasonal variations and their biases are presented below the figure. The distribution 1064 
is difference in chlorophyll concentration between season and climatological mean. The 1065 
FlexPFT displays a similar pattern with the MODIS. Compared with the FlexPFT, the 1066 
InFlexPFT shows a weak seasonal variation. In this study, we check the difference in 1067 
the seasonal variations of the surface chlorophyll reproduced by the two models for 1068 
comparison of MODIS, and not show the biases. In the future, we will discuss which 1069 
process (physics, chemistry, and biology) contribute to the deviations and their biases 1070 
reproduced in the model.  1071 
 1072 
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 1073 
 1074 
L190 - More quantitative information on this model to satellite imagery 1075 
comparison would be useful to understand the degree of variation.  1076 
 1077 
We added the comparison of quantitative information between MODIS and two models 1078 
in this section. 1079 
  1080 
L200 - Same comment as L185 (state that it is a comparison in the title).  1081 
  1082 
New Line 261: “3.2 Comparison of Vertical Distributions of Chl and PP along the Two 1083 
Transects Lines” 1084 
.  1085 
 1086 
L200 - This section is difficult to follow. I would suggest restructuring and 1087 
incorporating tables or diagrams summarizing the major findings, and 1088 
categorizing the different areas you are comparing.  1089 
 1090 
We revised the results section. See attached file. 1091 
 1092 
L217 - These last two sentences are a bit hard to follow, I suggest utilizing more 1093 
quantitative comparisons between model and observations, to understand the 1094 
degree of variation. 1095 
  1096 
We added the comparison of quantitative information between in-situ observations and 1097 
two models in “Results” section. 1098 
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 1099 
L269-271 - Is there reasoning why you think both models predict higher growth 1100 
rates here? 1101 
 1102 
New Lines 335: At 25N, in the surface, N concentration is close to zero. We added “, 1103 
high I and T enhance the growth rate” after “… despite low N concentration”. 1104 
 1105 
L277-L278 - By what degree more so for FlexPFT? 1106 
 1107 
It is possible to separate and present the limitation factors. However, here we examine 1108 
the differences by simultaneously plotting the three factors (I is different symbol, N is 1109 
horizontal axis, and T is color) that control the growth rate. In addition, we explain the 1110 
effect of the C:N ratio in the FlexPFT. 1111 
 1112 
T-limitation is also important around 20 degree C, which is reference temperature in T-1113 
limitation equation, (in the subtropical region) for growth rate. Especially, in the 1114 
subsurface layer (50m in below figure), Figures 6e and 7e show the higher growth rate 1115 
compared with the that of surface layer (same N concentration and strong light 1116 
intensity). Figure (e) (165E, 35N), where is the boundary between two gyres, shows the 1117 
high growth rate around 20 degree C in the subsurface layer (50m). At other locations, 1118 
the effect of T-limitation for growth rate is smaller than the N- and light-limitations. 1119 
 1120 

 1121 
 1122 
In the east-west line, the similar pattern shows below. As the locations in Figures (d) 1123 
and (e) are close to (165E, 35N), and the FlexPFT growth rate is the highest around 20 1124 
degree C. 1125 
 1126 



 29 

 1127 
 1128 
L327 - Do you mean that the spring bloom occurs across latitudes and longitudes?  1129 
 1130 
New Lines 408-410: We added “At the gyre boundary, in addition to the surface, 1131 
primary production is greater compared to other regions. Because the nutricline depth 1132 
(close to the base of the euphotic layer) and the light intensity are optimal for the spring 1133 
production.” after “… the spring bloom occurs both horizontally and vertically.”. 1134 
 1135 
L332- L335 - Explain why FlexPFT predicts this.  1136 
 1137 
New Lines 418-420: We added “Compared with the seasonal variations of PP in the 1138 
InFlexPFT, the FlexPFT's growth rate and the variable C:N ratio have a great influence 1139 
on the spatiotemporal variations of PP (Figs. 4, 5, and 8).” after “… coastal upwelling 1140 
region off California.”. 1141 
 1142 
L345 - Chl:C instead of Chl;C 1143 
 1144 
Yes, it’s a mistake. Corrected from “Chl;C” to “Chl:C”. 1145 
  1146 
L346 - I think this paragraph should go earlier.  1147 
  1148 
We changed the order of this section and the previous section. 1149 
Old Figure numbers 8 and 9 changed to new figure numbers 9 and 8. 1150 
  1151 
Conclusions: 1152 
  1153 
L376 - I think you should say you compared Chlorophyll instead of biomass.  1154 
  1155 
We revised from “phytoplankton biomass” to “Chl”. 1156 
  1157 
Figures: 1158 
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  1159 
Figure 1.  1160 
• Minor point, but why not average from 2003-to 2019 to make the time 1161 
comparison the same? 1162 
 1163 
It is 3 years shorter because we used data that deviated for a long and comparable 1164 
period (MODIS imagery). It is possible to compare the same period including other 1165 
sensors (SeaWiFS etc.), but only the climatological seasonal variations of surface 1166 
chlorophyll are compared in this study. We confirmed, but the difference of 3 years was 1167 
not so large (not shown). In the future, we plan to undertake a comparison of fluctuation 1168 
components on several scales (few days to interannual). 1169 
 1170 
 1171 
Figure 2.  1172 
• State what the white areas represent in panel a.  1173 
 1174 
We added the end of caption description. “White area in Fig. 2a is missing data.”. 1175 
 1176 
• Why not use just the 2006 model year for comparison instead of 2000-2019? 1177 
 1178 
In the data from JMA, the observed location, depth, and time are different and cover a 1179 
shorter period. Observations capture summer season snapshots, so chlorophyll changes 1180 
significantly between north and south locations over the three months. In this study, we 1181 
have compared how much the model climatological fields (smoothed fields) can explain 1182 
the snapshot observation, and will investigate the impact of smaller scale process on the 1183 
chlorophyll distribution, such as the snapshot, in future. 1184 
 1185 
The below figure shows the daily mean chlorophyll and nitrate distributions for 1186 
comparison of in-situ observation (only chlorophyll). This chlorophyll pattern in the 1187 
FlexPFT model reflects the effect of small variability of vertical nitrate pattern (1 mmol 1188 
N m-3).  1189 
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 1190 
 1191 
Figure 3.  1192 
• I would add the text again from Figure 2. Instead of saying "same as for Fig. 1193 
2.).  1194 
 1195 
We described the same way as in Fig.2 caption. 1196 
 1197 
Figure 5.  1198 
• Same comment as figure 3. I would restate the information of the figure here.  1199 
 1200 
We described the same way as in Fig.4 caption. 1201 
 1202 
 1203 
 1204 
 1205 
 1206 
 1207 
 1208 
 1209 
 1210 
 1211 
 1212 
 1213 
 1214 
 1215 
 1216 
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Response to Reviewer #3 1217 
 1218 
This paper is a nice update on a line of work that aims to bring a modern 1219 
representation of physiological plasticity in phytoplankton into the mainstream of 1220 
ocean biogeochemical modelling. I have followed FlexPFT from a distance for a 1221 
number of years, and it is useful to have a concrete illustration of how it behaves, 1222 
and how it behaves differently from standard models, in a realistically complex 3D 1223 
ocean simulation. I have a number of comments about how the discussion and 1224 
expression of results could be improved, but I would class these as minor revisions.  1225 
 1226 
We thank Reviewer #3 for valuable comments on our manuscript. The major revised 1227 
points are attached pdf file (red letters are major revised parts). Our responses (fine 1228 
characters) to the Reviewer #3’s comments (bold characters) are described below. 1229 
 1230 
- The review of evolving representations of phytoplankton physiology in the 1231 
Introduction is especially nice. 1232 
 1233 
Thank you for your evaluation. 1234 
 1235 
- line 111: W per m^2, not W per m^3 1236 
 1237 
New Line 125: Yes, it’s a mistake. Corrected from W per m^3 to W per m^2. 1238 
 1239 
- line 145-47: The role of parameter tuning in the comparison of the two model 1240 
formulations is potentially very important. If the tuning of InFlexPFT had been 1241 
done differently—for example, leaving mu_max the same, or lowering it further—1242 
would there have been a different pattern of similarities and differences between the 1243 
3D model runs? Which model shows a higher or lower growth rate at a particular 1244 
point in space and time could be as much a matter of specific parameter choices as 1245 
the structure of the equations. I would appreciate some comments on this point in 1246 
the Discussion—what differences between Flex and InFlex are truly inherent and 1247 
not contingent upon particular parameter choices. 1248 
 1249 
New Lines 183-186: We added the following sentences after the explanation of growth 1250 
equation in the Section 2.2.  1251 
“For example, the potential maximum growth rate, mu_max, is 1.5 (day^-1) for the 1252 
InFlexPFT, compared to 2.2 (day^-1) for the FlexPFT. Increasing the potential maximum 1253 
growth rate decreases the surface $N$ concentration in the subpolar gyre, to the point of 1254 
depleting nutrient during summer, while increasing the surface Chl concentration across 1255 
the whole gyre.”. 1256 
 1257 
 1258 
- line 191: the success of FlexPFT at reproducing chl patterns seems to be largely a 1259 
matter of dynamic range. Van Oostende et al. 2018 1260 
(https://www.sciencedirect.com/science/article/pii/S0079661117302586) also 1261 
addressed this challenge in the North Pacific and found a solution by extending a 1262 
standard 2-phytoplankton NPZD-style model to 3 phytoplankton compartments. So 1263 
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perhaps the poor relative performance of InFlexPFT is really highlighting the 1264 
limitations of a 1-phytoplankton model. I think this requires some discussion (in the 1265 
Discussion). If one is going to improve on inflexible plankton models by adding state 1266 
variables, why add them in the form of flexible physiology instead of additional 1267 
fixed-response phytoplankton compartments / functional groups? There is more at 1268 
stake than simple statistical performance; to me the real issue is whether we think 1269 
that the ocean achieves its wide dynamic range through acclimation and plasticity, 1270 
or competitive exclusion.  1271 
 1272 
In this study, we used one phytoplankton incorporated variable C:N:Chl ratios and 1273 
photoacclimation. One phytoplankton in our model can handle multiple growth rates 1274 
depending on available nutrients and light conditions. This corresponds to the ratio 1275 
calculated by the BGC models consisting of multiple phytoplankton compartments (> 2 1276 
phytoplankton). Therefore, it is considered that the chlorophyll distribution in our model 1277 
similar to the BGC model (Van Oostende et al., 2018) for calculating multiple 1278 
phytoplankton with a fixed ratio was reproduced.  1279 
 1280 
In general, multiple phytoplankton and zooplankton adapt to their environment and 1281 
survive (e.g., growth, grazing by zooplankton, and export). Where to spend the cost is 1282 
important in modeling (e.g., increasing compartments of BGC, and simplified BGC). In 1283 
particular, it is important to reduce the simulation cost for the global BGC model, such 1284 
as Earth System Model. In this study, we showed how much one plankton can reproduce. 1285 
As future research, it is possible to introduce flexible physiology to the growth of multiple 1286 
phytoplankton, or to predation by zooplankton. 1287 
 1288 
- line 245: is there any way to make this comparison with observed variation in C:N 1289 
more quantitative, or at least more specific? FlexPFT seems to show about four-fold 1290 
variation in C:N over a vertical profile, if I am reading the results correctly—based 1291 
on the references given in these lines, does this seem like roughly the right amount 1292 
of variation, or too much? 1293 
 1294 
New Lines 454-462: We added this sentence in the Discussion section (new). 1295 
“Observed elemental ratios of phytoplankton and particulate organic matter in surface 1296 
layers deviate substantially from the Redfield ratio (e.g., Goldman et al., 1979, Garcia et 1297 
al., 2018b, Liefer et al., 2019). Molar C:N ratios of phytoplankton vary from 4 to 60 (mol 1298 
C: mol N) between phylogenetic groups. However, our current implementation FlexPFT 1299 
model includes only one phytoplankton type, which varies its C:N ratio as its acclimates 1300 
to the varying light, nutrient and temperature levels. Sauterey and Ward (2022) found that 1301 
nitrogen and temperature mostly determined variations in the C:N ratio of phytoplankton, 1302 
with variable contributions from other factors across the North Atlantic. By contrast, we 1303 
find that with the FlexPFT model applied to the North Pacific, nitrogen and light levels 1304 
are the primary determinants of C:N:Chl ratios, with temperature playing a lesser role. 1305 
Accurate modelling of Chl and PP patterns requires accounting for these dependencies to 1306 
resolve the variable elemental composition and pigment content of phytoplankton.” 1307 
 1308 
- line 369: this feels like a weak comparison. What fraction of global PP _should_ 1309 
the North Pacific account for? There is no additional information here, relative to 1310 
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Fig 9, on whether FlexPFT is a quantitative improvement over InFlex. Surely there 1311 
are published estimates somewhere of North Pacific PP? 1312 
 1313 
We deleted the sentence “On the other hand, … 10% of the estimated global primary 1314 
production.” compared with global estimation of PP.  1315 
 1316 
Direct comparison between 3-D BGC model output and snapshots observed data at time 1317 
series stations is difficult. In particular, the quantitative discussion is limited to the 1318 
comparison of the temporal variation of the vertical profiles because it includes the 1319 
influence of the uncertainty contained in the BGC model and the error due to the observed 1320 
time and sea area (including depth). In this study, we are focusing on the difference in the 1321 
reproducibility of the PP vertical profile between two models. The model itself still needs 1322 
to be improved for quantitative discussion, so this is a topic for the future. 1323 
 1324 


