Response to Reviewers

Reviewer #3: 
“The manuscript presents a study of where emissions from NOx and primary aerosols are modified sequentially to improve. The manuscript delivers informative methodology and results to improve a bottom-up emissions inventory to better simulate AOD and surface PM2.5 concentrations. Authors utilized AOD and NO2 products, and photochemical air quality modeling to show their concepts, examples, and results step by step. Some minor revisions would be necessary before its publication.”

Authors’ response: we appreciate your time and concern devoted to reviewing our manuscript. Please find our responses to your comments below:

1. The manuscript includes too much information; two episodes, different satellite products, AOD, NO2, AERONET, surface observations, two regions (NCP and South Korea). A schematic diagram would be helpful to understand the overall scope of the study.
	Authors’ response
	Thanks for your suggestion, and we agree that our study covers a broad range of topics and data sources. In response, we have added a schematic diagram (which will be introduced as a graphical abstract) to provide a clearer overview of the study's scope and organization.

	Changes in manuscript
	· Graphical abstract:
[image: ]



2. Figures 2 and 3, Table 1: NOx-constrained emissions were updated based on TROPOMI, not AHI nor GOCI as I understand, more clear explanation would be helpful.
	Authors’ response
	Yes, as you have mentioned above, the NOx-constrained emissions were updated based on TROPOMI NO2 columns. And we agree that those standalone Figures and Table may be perplexing, so we enhanced the captions accordingly as below.


	Changes in manuscript
	· Figure 2 caption: “Spatial distributions of the AHI and CMAQ-simulated AODs before and after the NOx emissions adjustment (based on TROPOMI NO2 columns) … and (d) the CMAQ-simulated AOD using 2019 NOx- and PM-constrained emissions.”
· Figure 3 caption: “Spatial distributions of GOCI-AHI fused and CMAQ-simulated AODs before and after the NOx emissions adjustment (based on TROPOMI NO2 columns) … and (d) the CMAQ-simulated AOD using 2019 NOx- and PM-constrained emissions.”
· Table 1 caption: “Summary statistics of the daily mean AERONET AOD (85 sites) and the CMAQ-simulated daily mean AOD before and after the NOx emissions adjustment (based on TROPOMI NO2 columns) … NMB (%): normalized mean bias.”



3. Table S5: After NOx emission adjustment, model bias increases are observed for certain seasons. Authors need to discuss how this will have influence on modeled AOD, especially during cold season when nitrate concentration increases in NE Asia.
	Authors’ response
	Thanks for bringing up a good discussion point.

Regarding Table S5, we agree that the increase in model bias after the NOx emissions adjustment in the NCP region for certain seasons needs further discussions. In short, since the model once experienced severe AOD underestimation, the overall “increases” in NOx emissions (regardless of the improvement or degrade in the corresponding model accuracies) helped the model mitigate the AOD underestimation.

In response, we have updated our manuscript as below.

	Changes in manuscript
	· Lines 324-326: “Then we evaluated the model performances in simulating daily surface NO2 concentrations … in Korea and the NCP region in a time series.”
· Lines 331-337: “However, in the NCP region, the NOx emissions adjustment showed mixed results in reducing the model biases … the emissions adjustment was not as effective in reducing the model biases in the NCP region as it was in Korea.”
· Lines 355-357: “In brief, the model's initial underestimation of AOD was mitigated by the NOx emissions adjustment, which led to increased NOx emissions, and then by the subsequent primary PM emissions adjustment, which resulted in overall increases in primary PM emissions.”
· Lines 363-369: “Despite the success of the sequential adjustments of NOx and primary PM emissions in improving the model's AOD simulations, there are still uncertainties remaining regarding the accuracy of NOx emissions. For example, in the NCP region, the NOx emissions adjustment caused the model to overestimate surface NO2 concentrations in some seasons, and consequently, increased the model biases. Nevertheless, this overestimation was shown to help the model to reduce its AOD underestimation. Addressing this issue requires the development of region-specific tactics for adjusting the bottom-up estimates of gas-phase air pollutant emissions in future studies.”



4. Line 370: the remaining portion may include 'unknown' species which is not always primary.
	Authors’ response
	Thanks for pointing out a good discussion point, and we agree that the “remaining portion” needs to be further elaborated.

We first updated Table S2 (the name list of the primary PM emissions) to clarify the definitions for the sets of the primary PM emissions (one defined to be the target of the emissions adjustment, and the other measured at the Korean supersites) and corresponding pollutants. And then, we made changes in the corresponding descriptions attached to the Line 370 mentioned above accordingly as below.

	Changes in manuscript
	· Table S2 and caption: “The list of the primary PM species included the KORUS-AQ emission inventory, and the corresponding pollutants simulated in CMAQ version 5.2 and measured at the Korean supersites.”
· Table 2 and caption: “Concentrations (μg/m3) and compositions (%) of surface PM2.5 and its components in Korea … Others: the summation of unknown (undefined) PM2.5 species.”
· Lines 404-415: “…the remaining portion (46.74% on average) was mostly comprised of primary PM (36.32% on average) and some unknown (undefined) aerosols (Table 2). As both the contributions of primary and secondary aerosols to aerosol loadings were significant, we considered … that employs more comprehensive sets of top-down constraints (e.g., observational references for SO2 and ammonia loadings in the troposphere).”
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