
Responses to Reviewer 2 (original are in black and our responses are in blue) 

In this manuscript, the authors explore the impacts of a regional MHW (in the Northeast Pacific) on 
CO2 using a novel regional model configured for the Northeast Pacific that is validated, and 
compared, to observational products. Results indicate that changes in pCO2 are primarily driven by 
the compensation between increased temperatures (which raises pCO2) and lowered Dissolved 
Inorganic Carbon (DIC; which lowers pCO2) in the surface ocean. Results suggest that DIC is the 
dominant driver of changes in pCO2 and is decomposed to demonstrate that changes in DIC stem 
primarily from changes in transport (both vertical and horizontal). While I find the analysis robust, I 
believe that the authors could expand their work to strengthen their arguments and contribute to 
fundamental understandings of the impacts of MHW on regional marine carbon cycling. 

First, I think it is important that the authors directly compare the physical manifestations of the Blob 
across model and observational products to demonstrate that they do show the same spatial and 
temporal extent. I would be curious to see how SST anomalies during the Blob compare across these 
data, and if differences in their representation might have any impact on interpretation of results. 

We sincerely appreciate the time and effort that the reviewer dedicated to evaluating our work and to 
give insightful comments.  

In accordance with the reviewer’s suggestion, we have compared SST anomalies between the model 
and two observational products (Fig. R1). This figure will be included in the revision if we are 
invited to revise and resubmit the manuscript. The modeled SST anomalies show good agreement 
with both OISST and HadISST in terms of their spatial patterns and overall amplitudes. Given this 
consistency, the model robustly represents the observed SST anomalies, and they are likely not 
influencing the interpretation of the SST-driven component of ΔpCO₂.  



 
Figure R1. Annual SST anomaly during Blob (2014–2015) relative to 2010–2017 from (a) OISST, (b) 
HadISST, and (c) the model. The star indicates the location of OSP. 

 

If possible, I also recommend the expansion of this analysis to other manifestations of MHWs in the 
region (as described by Amaya 2020 and examined by Kohlman 2025) to demonstrate the robustness 
of these results across discrete warming events. I know that the 2019 MHW is outside of the 
integration for the model used in this study, but could you examine prior MHW? I am curious to see 
if the responses of pCO2 is identical or shows discrete differences for different MHW, as 
demonstrated by Kohlman 2025. This would also connect to the broader implications of this work – 
can the response demonstrated be considered the expected response in the Northeast Pacific? Or, is 
the response event dependent. 

We agree that evaluating additional MHW events would strengthen the broader implications of this study, 
however, more recent MHW events are outside the scope of this manuscript. We have added a paragraph 
discussing this point and clarified that extending the simulation period to include recent MHWs remains 
an important direction for future work. While recent large events (e.g., 2019, 2023) fall outside the 
integration period of our model, the 2005 warm condition can be analyzed. (Fig. R2; reproduced from Ito 
et al. 2026, Supplementary Fig. S1).  

The decomposition analysis of pCO₂ changes for 2005 shows a similar response to the Blob. The DIC-
driven decrease in pCO₂ is larger than the SST-driven increase, resulting in a net pCO₂ reduction (Fig. 
R3). This DIC decrease is primarily associated with changes in transport, particularly weakened vertical 
transport, which is consistent with the mechanism identified for the Blob (Fig. R4). 



These findings suggest that the pCO₂ response is not unique to the Blob but may represent a characteristic 
behavior of the NE Pacific during strong warming events. These results are presented here for 
completeness in response to the reviewer’s comment and are not included in the revised manuscript.  

 

Figure R2. Monthly mean SST anomaly fields from HadISST (top) and the model (bottom) The anomalies 
are calculated as the deviation from the climatology for 2002–2020. The blue dot indicates the location of 
OSP (From Ito et al. 2026). 
 



 

Figure R3. Spatial patterns of (a) oceanic pCO₂	changes and the contributions to oceanic pCO₂ changes 
from (b) SST, and (c) DIC* in 2005. Blue shows ocean CO₂ uptake, and red shows CO₂ outgassing from 
the ocean. The star in each panel marks the location of OSP. The black box (47.5–53.5°N, 208–223°E) in 
panel (c) indicates the central GOA area used for the budget analysis. 

 

Figure R4. Bar graphs showing the variability of each component of (a) the carbon budget and (b) the 
transport budget in the central GOA in 2005. Blue bars represent the annual standard deviation (STD) 
and orange bars show root-mean-square (RMS) of each term. Red bars, plotted the secondary y-axis, 
indicate the correlation coefficients between dC/dt (panel a) or the transport term (panel b) and each 
component. 



I would also recommend a thorough read through to ensure consistency in the tense used throughout 
the manuscript. 

We appreciate the reviewer’s careful reading of the manuscript and helpful suggestions for 
improving clarity. We will proofread the entire manuscript if we are given the opportunity to revise 
and resubmit the manuscript.   

Aside from the major comments above, I noted a few explicit instances in the text that could be 
clarified: 

Line 17: also ‘is’ to ‘would be’ 

We will fix this typo. 

Line 34-35: I would suggest including an expanded definition of MHWs here to better orient the 
reader, i.e. “short-term statistical extremes in sea surface temperature, called marine heatwaves” 

In accordance with the reviewer’s comment, we will expand the definition of marine heatwaves at 
the relevant location in the manuscript to better orient the reader and improve clarity. 

Line 168: ‘is at odds against’ could be simplified 

We will revise this sentence. 
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