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Summary: 

Bogenshutz et al. present four detailed case studies chosen to highlight different types 
and aspects of ARs impacting the California coast using the ultra-high regionally refined 
E3SM atmosphere model, SCREAM. The purpose of the study is to show SCREAM’s 
potential utility simulating ARs for both climate and weather communities.  Their main 
findings, aside from the realism of AR representation, include (1) refining resolution 
beyond 3km has little impact for improving precipitation biases, but (2) expanding the 
spatial extent of the refinement has modest benefits.  

  

Overall Comments: 

This is a very nice paper. It is clear, well-written and organized, and absolutely fits 
within the GMD scope. I have a few comments I would like to see addressed before full 
publication.  Although these are relatively minor, they are important for clarity.  Please 
see specific comments below, but the most important ones are regarding SCREAM 
model description and method/domain for computing max/mean IVT.  

  

Specific Comments: 

Line 18 and elsewhere: Typically the words “atmospheric rivers” are not capitalized.  

All instances of this have been corrected. 

Line 89: Out of curiosity, when you moved to using SHOC from a simplified PBL, was 
there anything that needed to be re-tuned?  

SCREAM has always used SHOC and does not have the option to run a simplified PBL 
scheme.  SHOC was not tuned in any manner for this study.   

Figure 2: Did you mean ne32 and not ne21?  

Yes, this has been corrected.  Thanks for the catch! 

SCREAM description and References:  There are missing citations in the reference list, I 
definitely noticed both Caldwell et al 2021 and 2019 missing as I searched for these to 
get more information on SCREAM. Also, I recommend adding a bit more to the 



description part of the paper for ease rather than digging into the cited Caldwell 
papers, i.e. vertical resolution, features, biases, improvements not already mentioned, 
etc.  

Thank you for pointing out the inconsistency related to the references.  The mentioned 
references have been added to the list (in addition to others that were found missing).   

Good suggestion.  We added the following paragraph: 

“SCREAM features 128 vertical layers, compared to 72 in E3SM, despite having a lower 
model top (40 km vs. 60 km). This gives SCREAM nearly twice the vertical resolution of 
E3SM in most layers, with particularly enhanced resolution in the lower troposphere. 
The improved resolution in the lower troposphere has been found to enhance the 
representation of marine stratocumulus, which is crucial for accurately depicting the 
California coastal climate (Bogenschutz et al., 2021, 2023; Lee et al. 2021, 2022). 
Although SCREAM offers improvements in many simulated aspects over the lower 
resolution E3SM model (as detailed in section \ref{intro}), it still faces challenges in 
representing shallow cumulus convection (Bogenschutz et al., 2023) and struggles with 
aggregating convection in the deep tropics compared to observations (Caldwell et al., 
2021).” 

AR cases (these are more curiosity questions than comments on the paper 
itself):  There are all great choices and span important and different types of ARs and 
dynamics.  I am curious, however, on how SCREAM-RRR would perform for 1) a weak 
Cat 1 storm, or 2)  different regions , or 3) wet vs windy “flavors”? Perhaps these are 
already planned activities, and I am not suggesting these be done for this paper. (I 
understand the intense computational and person-resources involved in these 
activities).  Some questions to consider for future experiments (or answer if you have 
already done some of this):  For a weak category 1 AR, or a “windy” AR,  are there 
components of physics, dycore, and/or resolution that do better with an overwet 
environment vs not?  Are biases different across the varied AR dynamics, i.e. Pineapple 
Express vs North Atlantic warm conveyor belt lift? (Has this been looked at)? Are there 
plans to look at moisture transports such as ARs within monsoonal flow which can be 
found in the E.Pacific?   

The reviewer brings up many great points and suggestions.  We agree that the cases 
presented in this paper, while diverse, certainly are not exhaustive and additional 
studies/cases are definitely warranted.  While none of this work is currently planned, as 
the SCREAM project operates on very limited resources, I imagine that many of these 
topics will/can be explored once SCREAM becomes the default atmosphere model of 



E3SM (EAMxx) and FTE increases.  In addition, EAMxx will be written in C++/Kokkos to 
allow efficiently throughput on GPUs, which will facilitate more experimentation.  

We added the following statement to the end of the paper: “Finally, future work should 
focus on the simulation ARs in SCREAM in regions outside of California, either through 
global simulation or RRM, to encompass a broader range of ARs and meteorological 
conditions.” 

Line 148 and elsewhere: The acronym “AR” only needs to be defined once. 

All redundant definition instances have been removed. 

Line 253:  Why not add polygons to one of your maps with the locations of each of your 
evaluation points? This would be helpful visualizing where the skill is being evaluated. 
(Or maybe an inset with a zoomed map)?  

Great idea.  We added an additional figure to denote various frequently mentioned 
geographic features in CA (as suggested by reviewer 2) and we added the locations of 
the SNOTEL sites to this map.  We added the following text: 

“For convenience, we have included Figure~\ref{CAref}, which shows the locations of 
various California geographic features, various points of interest, and evaluation sites 
that are frequently mentioned throughout this paper when discussing the cases and 
results.” 

Line 287 and Figure 5c: Pearson pattern correlation? 

Yes, clarified in both the text and figure caption. 

Line 327: Comparing SC2005 reanalysis and SCREAM, the character of the IVT plume 
and footprint are very different. One might argue that SCREAM really doesn’t capture 
the AR structure well here, especially in the ocean. Ideas as to why?  

Yes, we agree with the reviewer, and this is noted in the text. Unfortunately, we don't 
have any clear explanation as to why SCREAM struggles more with this case than 
others. We tried several offline experiments to improve the representation in the CA-
3km grid, including initializing the model closer to AR landfall, but these did not 
improve the precipitation accumulation pattern. Additionally, all ensemble members of 
our experiments produced the same general result. We conducted experiments where 
the coarse outer grid was weakly nudged to ERA5, but the results were not significantly 
different. However, we did not experiment with stronger nudging. We believe that 



additional similar cases would need to be examined to determine if this problem 
persists under similar synoptic conditions. 

Lines 359-360:  I understand the tension between the improvements via resolution and 
mesh area, but the other degree of freedom here is E3SM vs CESM when consulting 
with the results from the Rhoades paper. I think(?) that the vertical levels are different 
between these two modelling frameworks? How different is SCREAM vertical structure 
from the Rhoades study, and do you think this may matter regarding convection 
schemes?  

The reviewer brings up a good point that the discussion on these lines is agnostic to 
the model choice (i.e. E3SM vs CESM).  While the vertical layers are different between 
these two models, we hypothesize that the choice of vertical grid would not impact our 
conclusions.  Currently, the SCREAM development team is doing vertical resolution 
sensitivity experiments (to be documented in an upcoming paper) and we are finding 
that our model is ridiculously robust to vertical resolution (which is a good thing; but 
also a bad thing that pre-existing biases don’t go away merely by changing the 
resolution).  I would suspect that there could be a larger sensitivity to the choice of 
physical parameterizations (especially microphysics and to a lesser degree turbulence). 

At the end of this section we add the following text:  “However, we acknowledge that 
comparing our results to other works, such as Rhoades et al. (2020) and Huang et al. 
(2020), involves being agnostic to model differences that may not justify a direct 
comparison, such as variations in physics, dynamical core, and vertical levels.” 

Line 401: Did you mean Figure 10 (and not 3)? 

Yes, thank you for point this out.  This has been fixed. 

Figure 10:  I find it interesting that the EPAC 3km case seems to overdo the snow 
compared to the CA 3km in most cases, i.e. most notably at Virginia Lakes for NC2021 
and everywhere SC2005. Thoughts?  

The reviewer brings up an interesting point.  There could be no apparent reason found 
for the NC2021 case, though this increased snow amount is comparatively quite small 
compared to the other cases given the smaller scale on the y-axis. 

For the SC2005 case, the EPAC configuration does have increased amounts for all sites.  
Upon investigation, it was found that the IVT values produced by this configuration are 
slightly higher than the other configurations, which led to the increased amounts of 
precipitation that are most apparent in the southern and central Sierra.  We note that 



other than this slight increase in precipitation amounts, this configuration looks 
characteristically similar to the other configurations for the SC2005. 

We have added the text: “It is interesting to note that the EPAC-3km configuration 
generates more snow at all sites compared to the other configurations. This aligns with 
the slightly higher positive bias observed in statewide precipitation and snow 
(Figs.~\ref{prect_skill_bar} and~\ref{snowh_skillscore_bar}, respectively) for this 
configuration.” 

Line 428, Figures 12/13, Lines 440-447:  For the event maximum/mean IVT, did you use 
find, at each grid point in your RR domain, the maximum/mean values and plot this? Or 
just across the plotting extent in Fig 12/13? For SC2005 where SCREAM’s IVT core could 
arguably be over the ocean (based on Figure 4), this might be relevant. Are some of 
SCREAMs biases due to AR characterization and misplacement of the core, and not 
really just the fact that the plume hitting the coast is more narrow? For clarity, please 
add a sentence or two clarifying IVT max/mean methodology.  

The max/min values represents the respective values for each grid column for model 
and analysis.  This has been clarified in the text. 

 


