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Response to Comments
Reviewer 1:
1. English of this MS should be polished by native speaker.
Response: Our revised manuscript has been edited by Yang Liu and American Journal Experts (AJE). Yang Liu is now an professor in the Department of Environmental Health at Emory University and has published many top academic papers on the application of satellite remote sensing for air pollution monitoring. AJE (http://www.aje.com/) has provided professional English language editing services to improve the readability of our manuscript and eliminate grammatical errors.

2. Please provide the full name of the abbreviation of MAE and RMSE in abstract.
Response: Thank you for noting this problem. The abbreviation MAE denotes the mean absolute error, and the RMSE denotes the root mean square error. We have added “mean absolute error (MAE) and root mean square error (RMSE)” to the manuscript.
Line 30: mean absolute error (MAE) and root mean square error (RMSE)

[bookmark: _Hlk125482592]3. Please correct the format error of superscript and subscript throughout the MS.
Response: Thank you for noting these errors. We corrected the superscript and subscript mistakes in the revised manuscript.

4. What is KL divergence in Line 95? Please provide the full name on first occurrence.
Response: Thank you for pointing out this problem. KL denotes the Kullback-Leibler divergence. We have added the definition of the Kullback-Leibler (KL) divergence to the manuscript. The Kullback-Leibler (KL) divergence can be used to measure the degree of difference between two distributions. The smaller the difference between the two distributions, the smaller the KL divergence, and vice versa. When the two distributions are the same, the KL divergence is zero.
Lines 93-94: Kullback-Leibler (KL) divergence

5. Lines 114-117 should be removed in the Introduction section.
Response: Thank you for your suggestion. We have deleted this part from the revised manuscript.

6. What is CEMC in line 130?
Response: Thank you for noting this issue. The CEMC is the China Environmental Monitoring Centre. We have added the definition of the China Environmental Monitoring Centre (CEMC) to the manuscript.
Line 127: China Environmental Monitoring Centre (CEMC)

7. The symbols in Fig. 3 should be declared. (Otherwise, remove Fig. 3)
Response: Thank you for noting this issue. The symbols and flow in Fig. 3 have been explained in lines 149-159 of the paper. Furthermore, the symbols are described in the legend of Fig. 3.

8. The writing style should be modified throughout the MS. For example, there are too many (five) paragraphs in section 3.4.
Response: Thank you for your suggestion. We have reduced the number of paragraphs from 5 to 3.

9. Line 297, there is no section 4.1. Please confirm it.
Response: We thank the reviewer for identifying this error. We have updated the section number in the revised manuscript.
Line 302: Section 3.2

10. What is sampling factor in your experiments? Please clarify it in detail.
Response: The sampling factor is used to determine how many time values in the input sequence X are used to predict the value at the current time. When the length of the input sequence is X, it does not mean that the values at all X moments are all used to predict the value at the current moment. The values at some moments may be more correlated with the value at the current moment, while the values at other moments may be less correlated with the value at the current moment. Therefore, only the values with high correlations should be used to predict the value at the current moment, while the values at other times should not be considered in the calculation. This approach reduces the calculation costs and the noise effects of values with low correlations. We have added more details about the sampling factor to the manuscript based on your comment.
Lines 289-294: By evaluating the KL divergence, we found that there was a large difference between the attention distribution and the uniform distribution, demonstrating that the self-attention mechanism was sparse, and only a small amount of data in the air pollutant sequence contributed important historical information. Selecting data at fewer positions in the input sequence yields less historical information, resulting in insufficient information to make accurate predictions. 

11. Lines 303-304, author claim that high accuracy is achieved in other stations, but no data or references support.
Response: Thank you for noting this issue. Due to the large number of sites, this paper displays only the site at Luohe University in Table 3 as an example case. In the actual experiment, all sites in the study area were tested with experiments similar to those shown in Table 3. Based on the results of all sites, we determined that the optimal value of the sampling factor is 5, as this value achieves the best model effect.

12. The comparisons with references are rare in results and discussions part.
Response: Thank you for pointing out this problem. Since the air pollutant prediction in other works involved different research areas, research years and research data, we selected reference models that had the same research area, research year and research data as this paper. We then calculated evaluation indicators to prove that the model proposed in this paper achieves improved accuracy. In the comparison model introduction in lines 308-322, we introduce the reference models.

13. Lines 321-327, this paragraph is related to materials and methods instead of results and discussions.
Response: Thank you for your valuable comment. We have deleted this part from the revised manuscript.

14. Please explain why the MAE and RMSM are higher in north than that in south part in Fig. 8? Please also clarify the contour of the map of Fig. 8.
Response: The prediction performance of the model is related to the temporal variation in the air pollutant concentration. The more regular the variation trend is, the better the model fitting degree. The air pollutant concentration is highly correlated with meteorological conditions. Compared with the southern region, the meteorological conditions in the northern region change more frequently, which makes the variation in the air pollutant concentration more irregular in the northern region. Therefore, the fitting effect of the model is poor, leading to a large prediction error (MAE and RMSE). In addition, we modified Fig. 8 by adding contour lines.



Reviewer: 2
1. Remove the collapse or expand function.
Response: Thank you for your helpful advice. We have removed the collapse or expand function in the manuscript.

2. Acronyms: Define acronyms when they first appear and there is no need to define acronyms if they are no longer used in the manuscript; in a more clear way, no need to define acronyms if they no longer reappear in abstract and text; abstract and text are independent, i.e., redefine in the text even you have done so in abstract.
Response: Thank you for pointing out this problem. We have added the full names of the acronyms the first time that they appear in the abstract and main text.

3. References: very important (take care of every detail, including spacing, punctuation); you can see our published papers. The reference number should be < 40.
Response: Thank you for pointing out this issue. We have modified the format of references in the manuscript according to the template and reduced the number of references to 39.

4. Fig 2, 3, 5, 6: Unacceptable figure quality, must be clear when I enlarge Word to 400%.
Response: Thank you for your valuable advice in improving the presentation of our paper. We have modified the resolution of these four images in the manuscript and increased the font size in the images.

5. Fig 6: Need a space before parentheses.
Response: Thank you for pointing out this problem. We have added spaces in Fig. 6 in the revised manuscript.

6. Fig 7: Use black for lines/words/digits.
Response: Thank you for your advice. In this figure, the blue and red lines are mainly used to represent the observed and predicted values of the CEMC, respectively, to facilitate readers' comparison. If they are changed to black lines, readers' comprehension may be affected. We have edited the words and digits to black color.

7. Please check and follow the attached template.
Response: Thank you for your helpful suggestion. We have revised the format of the manuscript based on the template.




Reviewer 3:
1. I still found some text and grammar errors in the manuscript. Please send it to do the English editing.
Response: Our revised manuscript has been edited by Yang Liu and American Journal Experts (AJE). Yang Liu is now an professor in the Department of Environmental Health at Emory University and has published many top academic papers on the application of satellite remote sensing for air pollution monitoring. AJE (http://www.aje.com/) has provided professional English language editing services to improve the readability of our manuscript and eliminate grammatical errors.

2. P2, line 31, The full name of the abbreviation should be given at least once. “The experimental results show that the MAE and RMSE values of AE-Informer” to “The experimental results show that the mean absolute error (MAE) and root mean square error (RMSE) values of AE-Informer”.
Response: Thank you for pointing out this problem. We have defined the MAE and RMSE in the revised manuscript.
Line 30: mean absolute error (MAE) and root mean square error (RMSE)

3. P3, line45, “the levels of PM2.5 and O3 were closely related to cardiovascular,” to “the levels of PM2.5 and O3 were closely related to cardiovascular,”.
Response: Thank you for your helpful suggestion. We have adjusted this information in the revised manuscript.
Lines 42-43: the levels of PM2.5 and O3 were close related to cardiovascular

4. P4, line73, “pollutants including NO2.” To “pollutants including NO2.”.
Response: Thank you for your valuable advice. We have adjusted this information in the revised manuscript.
Line 70: including NO2

[bookmark: _Hlk125553494]5. P7, line129, “were collected from the China Environmental Monitoring Centre” to “were collected from the China Environmental Monitoring Centre (CEMC)”.
Response: Thank you for the comment. We have adjusted this information in the revised manuscript.
Line 127: by the China Environmental Monitoring Centre (CEMC)

6. P13, Please add the characteristics of the four pollutants (PM10, PM2.5, NO2, O3).
Response: Thank you for your comments. We have added detailed analyses to the manuscript to describe the various pollutants.
Lines 266-271: Among the four pollutants, NO2 has more scattered points than PM2.5, PM10 and O3. This result occurred because NO2 has more missing values, leading to fewer training samples, which affects the prediction performance of the model. Compared with NO2 and PM10, the concentration values of O3 and PM2.5 are more evenly distributed, which leads to a higher prediction accuracy. 

7. P13, Please explain how the model overcomes the differences in the properties of the four pollutants (PM10, PM2.5, NO2, O3).
Response: The Informer model uses time information as input features to predict the air pollutant concentration. Although different pollutants have distinct temporal trends, they are all related to time, so the differences between various pollutants does not affect the model prediction results.

8. Table 1, Why the R2 of NO2 is the lowest?
Response: The use of a machine learning model to supplement the missing air pollutant concentration values is related to the air pollutant change trend. The more regular the change trend is, the better the effect of supplementing the missing values, leading to a larger R2. As the variation trends of the NO2 concentrations at the case sites in this paper are irregular in 2019-2020, the effect of supplementing the missing values is worse than that obtained with the other pollutants, leading to a lower R2 value. However, in terms of a longitudinal comparison, the model proposed in this paper outperforms the other models in supplementing the missing values of the same pollutant at the same site.

9. P18, line367 “(a) is the AE-Informer multivariate prediction MAE, and (b) is the AE-Informer multivariate prediction RMSE.” to “Fig. 8 (a) is the AE-Informer multivariate prediction MAE, and (b) is the AE-Informer multivariate prediction RMSE.”
Response: Thank you for your suggestion. We have adjusted this information in the revised manuscript.
Lines 369-371: The AE-Informer and Informer prediction evaluation indicators after kriging interpolation are shown in Fig. 8, with (a) showing the AE-Informer multivariate prediction MAE and (b) showing the AE-Informer multivariate prediction RMSE. 

