Reviewer #2: Overview

This paper explores the impact of climate change as well as natural variability on the Intra-America Seas (IAS), including the Gulf of Mexico (GoM) and the Caribbean Sea (CBN).  The climate change portion is examined by using the output from 18 CMIP 5 models using 20th century ("historical") values and RCP4.5 and RCP8.5 scenario values over the 21st century to drive a regional high-resolution version (0.1°) of the Modular Ocean Model (MOM). The forcing is given by the ensemble mean of the 18 CMIP5 models. The models are weighted by how well they represent AMOC and the forcing is biased corrected to account for the difference in the mean state between the models and observations for the surface flux fields and along MOM's ocean boundaries. An additional simulation is conducted in which the 20th century atmospheric reanalysis is used to drive the high-resolution version of MOM, to estimate the  (mainly) natural variability during the 20th century. 

The main findings are that the northern Gulf of Mexico does not warm nearly as much in the high-resolution MOM simulation compared to the original CMIP5 simulations especially in spring as the former resolves the loop current, which slows and thus transports less heat northward in the 21st relative to the 20th century.   In addition, there is less damping of the heating due to greenhouse gases in the MOM simulation in the shallow region along the northeast Gulf Coast. The dominant pattern of SST variability in the simulation forced by observations during the 20th century is an anomaly of one sign over the entire IAS, which fluctuates with the AMO/AMOC. The second pattern, which exhibits a north-south dipole over the IAS, is driven by surface fluxes.  The transport through the Yucatan channel in 20th century simulation is mainly governed by an AMOC related component and a wind-forced gyre component. The former increases through the 20th century while the latter exhibits interannual-decadal variability but not a trend. The authors then assume the AMO-like variability in the 20th century will continue through the 21st century and add ± SST standard deviation averaged over to the forced time series the Gulf of Mexico and the Caribbean regions. Based on this analysis the authors indicate that there is substantial uncertainty in the climate change projections.
Comments

The paper is well motivated and well written and the results are interesting and are presented clearly.  However, I have a few major comments to be addressed:

We would like to thank the reviewer for the thoughtful comments and suggestions. The manuscript is now revised based on these comments. Please find below our reply to the comments from the reviewer.
1) Similar findings to this paper were presented in Liu et al. (2012, JGR). The results shown here are obtained with more recent climate model simulations (CMIP 5 vs 3), use a different ocean model (MOM vs  MICOM) and include additional findings concerning natural variability over the 20th century. However, can more information be obtained from the simulations presented here relative to those in Liu et al. (2012)? In particular an examination of subsurface processes could be interesting, e.g. showing a cross section of currents through the Yucatan Channel, etc. Also showing the bottom temperatures, especially for shallow (< 300 m) regions of the IAS would likely be of interest to biologists.

We thank the reviewer for pointing this out. In the revised manuscript, we have included more discussions about the potential impact of climate change on the Intra-Americas Sea. In Liu et al. (2012), we only focused on the temperature changes in the GoM during the AMJ season, the major season for bluefin tuna spawning. Here, we also include the temperature changes during boreal summer. In contrast to the reduced warming in the northern deep GoM during AMJ, the downscaled model predicts an intense warming in the shallow (( 200 m) northeastern Gulf coast region especially during boreal summer due to the lack of a mechanism to damp the increased surface heating. Potential implications of the regionally distinctive warming trend pattern in the GoM on the marine ecosystems and hurricane intensifications during landfall are discussed. We would like to also point out that in the revised manuscript we discuss CBN region, which was not included in Liu et al. (2012). This study also explores the effects of 20th century warming and climate variability in the IAS using a high-resolution regional ocean model forced with observed surface flux fields. As the reviewer suggested, more results of subsurface processes (Fig. 5-8) have been included in the revised manuscript as follows:
Fig. 5 and 6 show the simulated vertical section of temperature and meridional velocity across the Yucatan Channel in the late 20th century, the late 21st century, and the changes between late 21st century and late 20th century obtained from EXP_HIS and EXP_8.5. As shown in Figure 5, the simulated temperature across the Yucatan Channel increases is about 3°C in the upper 100m. This temperature warming is reduced in the deep layers (i.e. ~2°C temperature increase in the 200-400m and ~1.2°C temperature increase in the 800-1000m). Consistent with the reduced LC, the meridional velocity across the Yucatan Channel is largely reduced during the late 21st century, mainly in the western side of the Yucatan Channel (Fig. 5). (Copy and paste from the revision)
Fig. 7 and 8 show the meridional section of temperature and zonal velocity across the 70W in the CBN during the late 20th century, the late 21st century, and the changes between late 21st century and late 20th century obtained from EXP_HIS and EXP_8.5. The intense warming off the South American coast (Fig. 7) is linked to the relaxation of the thermocline slope across the Caribbean Current (CC), and thus lead to the reduce CC (Fig. 8). The reduced CC is also associated with the slowing down of AMOC (Fig. 9). (Copy and paste from the revision)
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Fig. 5. The vertical section of long-term averaged annual mean temperature across the Yucatan Channel at 21°N during (a) the late 20th century,  (b) the late 21st century, and (c) the temperature changes between late 21st century and late 20th century obtained from EXP_HIS and EXP_8.5. The unit for temperature is °C.
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Fig. 6. The vertical section of long-term averaged annual mean meridional velocity across the Yucatan Channel at 21°N during (a) the late 20th century, (b) the late 21st century, and (c) the meridional velocity changes between late 21st century and late 20th century obtained from EXP_HIS and EXP_8.5. The unit for current is m/s.
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Fig. 7. The meridional section of long-term averaged annual mean temperature across the 70°W in the CBN during (a) the late 20th century, (b) the late 21st century, and (c) the temperature changes between late 21st century and late 20th century obtained from EXP_HIS and EXP_8.5. The unit for temperature is °C.
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Fig. 8. The meridional section of long-term averaged annual mean zonal current across the 70°W in the CBN during (a) the late 20th century, (b) the late 21st century, and (c) the zonal current changes between late 21st century and late 20th century obtained from EXP_HIS and EXP_8.5. The unit for current is m/s.

2) The authors have used an appropriate way to drive the ocean model (bias correcting the forcing), although in using the ensemble mean from the CMIP5 models to drive MOM, they have greatly reduced the variability within the high-resolution runs (basically looking at the forced mean response, although anomalies created by nonlinearities could still develop in a eddy resolving ocean model).  This should be noted in the text. While I wouldn't insist on it, the paper could greatly benefit from performing MOM simulations forced by one (or more) of the individual models. One could choose the one or ones with the highest weighting. This would enable the authors to examine the variability within the 21st century (for example allowing for changes in AMOC variability), rather than assuming the 20th century variability simply continued into the following century.  While this result will be model dependent and vary between individual realizations from the same model, examining variability in this way would be still be informative (could show as "spaghetti" plots). On could also examine the large -scale forces of variability, including AMOC, surface fluxes in the CMIP5 models and relate those to changes in the uncertainty of the SSTs over the IAS.

We thank the reviewer for pointing this out. We agree with the reviewer that using the ensemble mean from the CMIP5 models to drive MOM greatly reduce the internal variability within the high-resolution runs. On this point, we failed to point out in the original manuscript an important technique used in generating the surface forcing in the manuscript. The CMIP5 climate models only include monthly surface fields. The high frequency atmospheric forcing should also be included in the surface forcing. To incorporate the impact of atmospheric noise on the surface fields, in each model year, the bias-corrected monthly CMIP5 surface filed are combined with randomly selected daily anomalous surface fields of CORE2 for the period of 1971-2000 following the methodology used in Lee et al. (2019). We have added this in the revised manuscript.

The reviewer also brings up an interesting point about performing another high-resolution simulation. We agree that this work can greatly benefit from performing downscaled MOM4 simulations forced by one (or more) of the individual models. However, such a simulation take about one full year to complete. Therefore, this can be done in our future work. As the reviewer mentions, the result will be model dependent and vary between different models, or between individual realizations from the same model. There is large SST variability in GoM between different CMIP5 coarse resolution climate models under both scenarios (RCP4.5 and RCP8.5). Therefore, we use the ensemble mean of CMIP5 climate models to drive the downscaled high-resolution regional model. We have added this point in the Summary and Discussion part. 

3) While the results of the runs forced with reanalysis over the 20th century are of interest, those findings are only partly related to the main question of how the IAS changes due to enhanced greenhouse gas forcing.  While I understand that this is in an attempt to provide some error bounds on the climate change simulations, the method used is very crude and the underlying assumptions may not be correct (see 2). Since EOF 1 (Fig. 7) exhibits low frequency variability, simply adding in the same standard deviation every year would not provide a good estimate for the background variability on decadal and longer time scales. One possibility is to generate a Markov model (lag 1 autocorrelation + noise) for the GOM and Caribbean Sea variability and then construct synthetic time series that cab be used to estimate the variance about the forced time series.

If the authors keep Figs. 11 & 12 as they are in the present version of the paper, they should indicate that they are adding ± 1 standard deviation at each time point (annual anomaly). The potential for the suppression of an upward trend due to this uncertainty over a 20-year period (as discussed in the text on page 16 top paragraph) is difficult to see from the figures, especially for the Gulf of Mexico (Fig. 11). The authors could also estimate how long a period of time one needs so that the trend is statistically significant relative to the background variability (i.e. the signal to noise ratio).

Thanks for this comment. Here we want to address that the GHG-induced SST increase in the IAS can be amplified or reduced due to natural SST variability. We also performed the Markov model for the GoM SST variability as shown in Figure S2. This is still based on the assumption that the autocorrelation in the 21st century is the same as that in the 20th century. Thus, we still prefer to keep our original Fig. 11 and 12 (now Fig. 15 and 16). The ± 1 standard deviation at each time point has been indicated in the text and Figure captions as requested. About the confusion caused by “suppression of an upward trend due to the uncertainty over 20-year period”, we revised this part as the reviewer suggested. 

“The GHG-induced SST increase in the GoM can be amplified or reduced due to natural SST variability. On average, under RCP4.5 (RCP8.5) scenario, the GHG-induced SST increase in the GoM in a 26-year (13-year) period can keep the trend statistically significant compare to the temperature changes due to natural climate variability.” (copy and paste from the revision)
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Figure S2. The power spectrum for the annual mean SST anomalies averaged over the GoM during 1900-2008 obtained from EXP_20CR. The lines from top to bottom are upper confidence bound 95% for Markov (green line), red noise spectrum (red line) and lower confidence bound 5% for Markov (blue line). 

4) Page 5, lines 19-23. What is the temporal resolution of the surface heat flux forcing?

The temporal resolution of the CMIP5 surface heat flux forcing is monthly. However, to incorporate the impact of atmospheric noise on the surface fields, in each model year, the bias-corrected monthly CMIP5 surface fields are combined with randomly selected daily anomalous surface fields of CORE2 for the period of 1971-2000 following Lee et al., (2009). This is added in the revised manuscript.

5) In Fig. 10 and on page 15 the authors present the gyre and AMOC contribution to the total transport across the Yucatan channel over the 20th century. The AMOC component exhibits an upward trend as noted by the authors. Is there a reason for the upward trend?  The AMO, which this transport is associated with, exhibits well know inter-decadal variability.  In addition, global warming also occurred during the 20th century and thus based on the arguments presented here and elsewhere, one would have expected a downward trend in the AMO related transport.

Because Loop Current (LC) in the GoM is a part of the North Atlantic western boundary currents system and is an important pathway of the AMOC, the volume transport across Yucatan Channel is closely related to the AMOC variability. AMOC is characterized by warmer and saltier water flowing northward in the upper Atlantic Ocean and by cooler and fresher water flowing southward in the deep ocean, thus is crucial to the northward heat transport by ocean circulation. (copy and paste from the revision)
As we mentioned in the revised manuscript, the wind-driven gyre component (a·VGYRE) is significantly anti-correlated with the AMO (r = -0.42) suggesting that the wind-driven volume transport across the Yucatan Channel is reduced during a positive phase of the AMO. During a positive AMO phase, the co-variability of the North Atlantic SSTs and North Atlantic subtropical high can lead to reduced trade winds and westerlies in the North Atlantic. The reduced trade winds and westerlies, in turn, produce a positive wind stress curl anomaly, anomalous Ekman divergence, and anomalous cyclonic circulation over the subtropical North Atlantic, which can lead to the reduction of both YC and CC transport. 
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