
Addressing Review Comment 1 

Reviewer comments are reproduced in black. Responses are in blue. Updates to the manuscript 

are shown with underline (addition) or strikeout (removal). 

Many models are not able to reproduce high sulfate concentrations, and do not consider 

heterogeneous chemistry in aerosol droplets. This paper examines sulfate and HMS formation in 

aerosol droplets as a possible cause for model underestimation. This is interesting work which I 

recommend for publications upon completion of some minor revisions. 

Thank you for the time it took to review our paper, your kind words, and suggestions! 

1. Sentence starting on line 41 is hard to read due to length and many parentheses. I suggest 

splitting it into two or more sentences. 

The following change has been made: 

 

2. Line 100: write out CONUS 

The following change has been made: 

 

3. Methods: It's unclear how ALW and pH were calculated. Please state explicitly where these 

numbers (for example the pH and ALW in line 331) come from. 
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The thermodynamic equilibrium model, ISOROPPIA (Fountoukis and Nenes, 2007) was used to 

calculate aerosol pH and ALW. In response to this suggestion, we’ve included a small paragraph 

stating this in section 2.3: 

 

 

4. In figures 1 and 3, the concentrations of the species are hard to see because the text partially 

covers it. Stating the domain size would also be helpful here. 

We shifted the labels a little outside of the area of interest and made the font size smaller so that 

concentrations can be better seen and included the domain size as well in the caption: 



 

5. In Figure 1a, it seems there's a high (~1 ug/m3) background of sulfate surrounding the 

Fairbanks and North Pole area, which seems strange. I would expect near-zero sulfate 

concentrations in these areas because there is very little anthropogenic activity. 

Thank you for pointing this out. These concentrations are attributed to background conditions. 

While the background concentrations are not 0, they are not quite ~1 g/m3 and this is easier to 

see with a discrete color bar. We made this change to the plots and the background sulfate 

concentration for our base run is ~0.6 g/m3: 



 

While most boundary conditions in modeling studies are seasonal averages, we used hourly-

resolved boundary conditions for 2008 from the EQUATES project (USEPA, 2021). We have 

included a sentence in section 2.4 detailing this: 



 

6. Line 358: HSO3 and SO3 should have their charges written out like sulfate (SO4
2-). Check for 

other mentions of HSO3 and SO3 in the paper. 

These typo’s have been addressed in this line and throughout the paper. 

7. In Figure 7, is there any explanation for the major differences on Dec 13 and 27? I think this 

should be discussed due to the large discrepancy between model and measurements. 

When looking into the cause for these differences, we realized that we had accidentally mis-

matched model and observed time points by 1 day. We have resolved this and now this is what 

Fig. 7 should look like: 

 

We have replaced this figure in the paper and the model-measurement gap for Dec. 13th is 

resolved slightly. We have also updated the model performance metrics in the text.  



There still remains a large discrepancy between model output and observations for Dec. 22nd. 

Our hemispheric simulations (while our heterogeneous chemistry updates were included) did not 

include the sulfur tracking method tags for our new pathways and therefore contributions from 

each pathway were not tracked. The contribution of each pathway can be potentially inferred 

with looking at precursor oxidant concentrations. In this newly created figure (Fig. S10), the 

dominant the PM2.5,sulf  peak modeled concentrations trend with peak coincidental SO2, NO2, and 

TMI concentrations: 

 

I have included discussion of the Dec 22nd discrepancy as well: 

 

 

8. Line 716: ALPACA should be Alaska Layered Pollution And Chemical Analysis. You may 

want to cite this paper as well https://doi.org/10.1021/acsestair.3c00076 

https://doi.org/10.1021/acsestair.3c00076


Thank you for this suggestion, we have included this citation. 
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