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GENERAL COMMENTS 

The manuscript titled “A Revised Temperature-Dependent Remineralization Scheme for the Community 
Earth System Model (v1.2.2)” presents a comprehensive evaluation of a new temperature-dependent 
remineralization scheme and its impacts on the global spatial patterns of POC transfer efficiency and 
nutrient distributions. The authors demonstrate that the new scheme improves the latitudinal contrasts of 
transfer efficiency and phosphate levels across ocean basins. By validating against in-situ observational 
profiles and comparing the previous and revised versions of CESM, the study successfully enhances model 
performance and provides valuable implications for future projections of ocean biogeochemistry. 
Furthermore, the authors suggest that this new scheme can be applied to future warming scenarios to yield 
more accurate projections that were previously uncertain. 

While the manuscript provides a detailed description of the methodology and results of the temperature-
dependent schemes, several key issues should be addressed before publication. In particular, the study 
should engage more thoroughly with previous research on remineralization schemes, clearly articulate its 
central research question, and emphasize the novel contributions and distinctions from prior studies to 
strengthen its scientific impact. 

 Dear RC1, 

Thank you for the positive feedback!  All comments are addressed below sequentially. 

Best Regards, 

Liz, on behalf of all co-authors 

MAJOR COMMENT 

First, the authors should discuss the previously developed remineralization schemes proposed by other 
ocean biogeochemical modeling groups. For instance, the IPSL, GFDL, and CSIRO groups implemented 
temperature-dependent remineralization schemes in their models more than a decade ago (Oke et al., 2013; 
Aumont et al., 2015; Laufkötter et al., 2017; Stock et al., 2020), as also noted in the Methods section of this 
manuscript. Therefore, the temperature-dependent remineralization scheme presented here cannot be 
considered entirely new. However, the manuscript lacks a proper introduction and discussion of these 
earlier schemes. The authors should describe these prior approaches, clearly state how their implementation 
differs from previous models, and highlight the specific novelty and advancement of this work relative to 
earlier studies.  

** You are quite correct that there are a number of existing temperature-dependent remineralization 
schemes introduced across various modeling groups.  Our goal with this work was not to introduce 
temperature-dependent remineralization as a new concept into BGC modules, but rather to implement it as 
a new parameterization into a widely used earth system model (CESM) where it was previously not present. 

** In terms of prior approaches to temperature-dependent remineralization, a full review is beyond the 
scope of this current paper.  However, others have conducted such reviews, and we agree that additional 
discussion of the general strategies and success of these other approaches would help to frame our current 
work. This additional discussion will be added to the introductory material accordingly. 



Implementation of this scheme within CESM alone would not be sufficient to justify publication in 
Geoscientific Model Development (GMD) without a more explicit demonstration of its scientific 
innovation and contribution. 

** With the primary goal of Development and Technical Papers at GMD being to “… describe technical 
developments relating to model improvements such as the speed or accuracy of numerical integration 
schemes as well as new parameterizations for processes represented in modules.”, we would contend that 
development and validation of this new parameterization within CESM does demonstrate the innovation 
and contribution necessary for publication in this journal. 

Additionally, despite the detailed description of the new remineralization formula, it remains difficult to 
directly compare it with the previous remineralization formulation in BEC. It appears that the primary 
difference lies in the inclusion of ktemp,POC within the decayPOC term. I recommend that the authors clearly 
describe the previous remineralization scheme and specify what has been improved in the new formulation. 
For instance, providing a table or schematic that illustrates the previous scheme in black lines and the 
revised scheme in red lines would greatly help readers visualize and compare the changes. Including other 
temperature-dependent schemes from different models in the same comparison table would make this 
section even more informative. 

** A description of the old and revised schemes is provided in Section 2.2, including Equations 1, 2, and 3 
for further clarification.  You are correct that the main difference is the introduction of the KtempPOC function 
(Equation 4), a new base scalelength of 150 m, and new banding of the scalelength parameter.  For 
clarification and transparency, these scalelength values will be added as a new Table with a reference to the 
corresponding previous values. 
 
** In terms of a formula-to-formula comparison with other model approaches, this would also be beyond 
the scope of this current paper given the broad range of formulations and approaches as noted above.  A 
discussion of generalized approaches will be added as noted above. 
 

The study by Rodgers et al. (2024, Nature) should be cited to highlight the importance of temperature-
dependent remineralization schemes for projecting future changes in primary production under global 
warming. In that study, the largest contrast in projected production among models arose between the 
temperature-dependent IPSL model and the temperature-independent CESM model. Therefore, 
incorporating the authors’ new temperature-dependent scheme could potentially alter the direction of 
projected production trends. Although the CMIP6 simulations are based on CESM2 rather than CESM1, it 
is noteworthy that CESM1-BEC also lacked a temperature-dependent remineralization scheme. Hence, it 
would be valuable to examine how the inclusion of this scheme affects future projections, as mentioned in 
the manuscript.  

** Thank you for this helpful insight.   A discussion of the results and implications of the Rodgers et al., 
(2024) other associated references will be incorporated. 

Beyond discussion, I strongly recommend that the authors include at least one future projection experiment-
such as an SSP5-8.5 scenario or a simple 1pctCO2 scenario simulations-to compare with previous studies 
and to provide a more concrete implication of the temperature-dependent scheme. 

** This is a fair addition for consideration, and we agree that these are important next-steps generally used 
for testing new model code such as this.  We are taking a slightly different approach, as we are currently 
developing and running CESM simulations that utilize warm Pliocene boundary conditions that will be 



published within the coming year as a follow-up to this publication. We are using these Pliocene simulations 
as a test case to examine the response of the marine carbon cycle to the newly implemented temperature-
dependent remineralization and are conducting data-model comparisons as a method of validation (to 
include upper ocean column reconstructions of d13C and d11B [pH], among others). We will add comments 
to the current manuscript that clarify these next steps and how they are linked with the current paper.  

The figures throughout the manuscript require further modification and improvement. For example, 
consistency should be ensured between filled and open circles representing the PI and Tdep experiments in 
Figures 9 and 11. In Figure 9, PI is shown with open markers and Tdep with filled ones, whereas in Figure 
11, the labeling appears reversed—PI as open and Tdep as filled markers. Consequently, it is unclear 
whether the authors intended to show that the new scheme improves RMSE and R² for upper-ocean 
phosphate. However, Figure 9 appears to suggest the opposite trend, with R² decreasing and RMSE 
increasing from PI to Tdep experiments. If this discrepancy results from simulation errors or mislabeling, 
it should be clarified in the text or figure captions. 

** Your observations are very much appreciated. This labeling error was on behalf of the primary author 
and will be fixed accordingly ensuring consistency across all figures for color, symbol, and notation.  

Additionally, more detailed information should be provided in the Methods section. The manuscript states 
that the pre-industrial control simulation was used for validation against observations and for comparison 
between the two remineralization schemes, but details are missing. Specifically, the authors should indicate 
the total simulation length, the integration period used in the figures. If fully coupled simulations were used, 
equilibrium may not have been reached, leading to year-to-year variability in climatological fields. In such 
cases, uncertainty ranges—such as those shown in Figure 6—should be included. The authors report 
variations in transfer efficiency and latitude-dependent changes, but it remains unclear whether these 
differences reflect genuine mechanistic responses to the new scheme or simply internal climate variability. 
Therefore, an estimation of uncertainty, for example using interannual standard deviations, is strongly 
recommended to clarify these features. 

** Thank you also for these observations.  The simulation length was 300 years for both the control and 
Tdep simulations, as noted in Section 2.1, and these were branched from year 2500 of a previously 
equilibrated run.  Also noted in Section 2.1, we believe this is sufficient for quasi-equilibrium, although 
should full overturning scales be investigated, this would be reconsidered.  Results for all figures were 
averaged over the final 30 years of the simulation in order to eliminate the challenges that you have noted 
with internal variability.  Clarification of the 30 year integrated average will be explicitly added to Section 
2.3. 


