Dear reviewer:

Thank you for your comments concerning our manuscript entitled “The interaction
between urbanization and aerosols during the typical haze event”. The comments are
all valuable for improving the manuscript and also have great guiding significance for
our research. We have studied the comments carefully and made corrections that we
hope will be met with your approval. One version of the revised manuscript is
highlighted with Track Changes. In the following we quoted each review question and

added our response after each paragraph.

Reviewer #2:

The authors investigate the interaction between aerosols and urbanization during a
severe haze event via the RMAPS-ST model. Results indicate that a 100% increase in
PM2.5 (200 to 400 _g/m3) reduced daytime urban-related warming by 20% (from 30-
50%). However, urban-related warming increased approximately 28% in response to
aerosols- important for haze formation. With regards to urbanization, the aerosol-
related cooling effect was reduced by approximately 54%, changing little with aerosol
increases. The study also found that aerosols reduced the urban-impact on the mixing
layer, sensible heat flux, and latent heat flux by 148%, 156%, and 48.8%,
respectively. This reviewer’s main concern is related to whether or not the authors
address aerosol typology in the model. If so aerosol chemistry was considered, then
how?

Thank you for your suggestion. The aerosol typology has been considered in this
study. The AOD was extracted from the output of RMAPS-Chem (Zhao et al., 2019;
Zhang et al., 2018), which included the aerosol typology in the model. Then, we
added the hourly distribution of AOD in the RRTMG radiation scheme in RMAPS-
Urban. The particle size distribution and typology of aerosols also calculated in the
RRTMG radiation scheme is according to Ruiz et al. (2014). Therefore, the particle
size distribution and typology of aerosols are included in both the input hourly AOD
fields and the RRTMG radiation scheme.

We added the sentence “The particle size distribution and typology of aerosols used in
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this study is according to Ruiz et al. (2014)” in Lines 153-154 to clarify this

information.

The work could be greatly improved with better section transitions, and by addressing

several items described below.

1. Abstract:

a) Which haze event? The authors should specify.

We added information on the haze event in Line 30.

Line 30: The interaction between aerosols and urbanization during the haze event that

occurred from the 15 to 22" of December 2016 in Beijing was investigated using the

rapid-refresh multiscale analysis and prediction system-short term (RMAPS-ST).

b) Lines 30-33: Rephrase for better flow.

Aerosols reduced urban-related warming during the daytime. The urban-related

warming decreased by 30 to 50% as the concentration of PM2.5 increased from 200

to 400 pg'm. Conversely, aerosols also enhanced urban-related warming at dawn,

and the increment was approximately 28%, which contributed to haze formation.

c) Lines 37-38: Unclear.

Furthermore, aerosols decreased the latent heat flux; however, this reduction decreased

by 48.8% due to urbanization.

2. Introduction-The authors thoroughly cite references to support statements and do
a good job of showing the importance of aerosol-urban impacts. They also state
that quantitative evaluation of urban impacts on aerosols and vice-versa has not
been conducted simultaneously in metropolitan areas. There are several sentences
that need to be rephrased- some of which are listed below.

We revised the Introduction section according to your suggestions.

a) Lines 43-46: Rephrase to improve the flow.

In recent years, heavy haze pollution events have increasingly occurred in densely

populated urban areas, such as the Beijing-Tianjin-Hebei region (BTH region) and

Yangtze River Delta region of China (Zhang et al., 2019). These events have caused

increasingly severe adverse effects on transportation, the ecological environment and



human health (Zhao et al., 2012; Wu et al., 2010; Liu et al., 2012).

b) Lines 49-54: These lines can be connected better connected.

The revised version: The conditions for the formation of heavy haze in the BTH region

are very complex (Miao et al., 2017; Wei et al., 2018; Ren et al., 2019). Although

emissions, meteorological conditions, terrain, and high-density human activities in
urban areas are all important conditions for the evolution of heavy haze (Huang et al.,
2008a; Zhu et al., 2018), meteorological conditions are critical for the evolution of
heavy haze pollution weather under the background of constant emissions (Wang et al.,

2020; Pei et al., 2020).

c) Lines 74-75: Rephrase.

The revised version. However, in contrast to the effects of urbanization, aerosols

cause cooling at the surface by reducing shortwave radiation to enhance static stability

(Grimmond, 2007; Cruten, 2004, Huang et al., 2007).

d) Lines 87-88: Which “conclusions” specifically?

Xu et al. (2019) indicated that the impact of irrigation on regional climate may vary

depending on the scale. We cited Xu et al. (2019) to explain that the different

conclusions obtained by Cao et al. (2016) and Yang et al. (2020) may be due to the
focus on different scales.

e) Line 103: Add the word “model” after (RMAPS-ST)

The suggested change has been made.

f) Line 104: Remove “the mechanism of”

The suggested change has been made.

3. Methods:

a) The authors immediately describe four observational data types used for the study
and provide a map of the locations (in Figure 1, is the shaded region topography?
What units?).

We improved the caption of Figure 1 to clarify this information.

The revised capture: Figure 1 Domain configuration of RMAPS-ST and the location of

the study area, indicated by the solid white line. The black dots indicate the locations



of the 251 environmental monitoring stations, and the red dots represent the 309

meteorological stations in the BTH region, where the gray loop lines show the locations

of the second to sixth ring roads. The shading is the terrain height (unit: m).

b) This reviewer was expecting a mention of the high RMSE values for longwave and
shortwave (Table 1). What is this attributed to?

There are two possible reasons for the high RMSE values for longwave and

shortwave radiation:

i) Deficiency of observation sites and interpolation methods

Only observed longwave and shortwave data from the Beijing meteorological tower

(39.97°N, 116.37°E) were available for evaluation. The weighted interpolation of the

nine points was used to transfer the grid modeling results to the station locations. A

total of 294 observation stations were used to evaluate basic meteorological elements

such as temperature. The RMSE of the basic meteorological elements is the average

of the 294 observation stations. Therefore, it is reasonable that the RMSE values of

the radiation and heat flux values are larger than those of basic meteorological

elements.

The magnitudes of longwave and shortwave radiation are larger than that of heat flux

(Fig 5e and f). Although the RMSE of radiation is larger than that of heat flux, the

absolute error ratio is similar.

i) Height differences between observations and simulations

Observed shortwave and longwave radiation data from the tower were only available

from 140 m. However, the surface radiation was simulated from the shortwave and

longwave radiation.

We added an explanation in the revised version as follows.

Lines 171-173: The deficiency of observation sites, interpolation methods and the

height differences between the observations and simulations resulted in higher root

mean square error (RMSE) values for radiation and heat flux than for the other variables.

C) Line 113: Rephrase to “synoptic conditions”

We deleted this sentence in the revised manuscript.



d) Lines 143-154: What considerations were made for other important aerosol
parameters such aerosol particle size distribution and typology?

Aerosol particle size distribution and typology:

Ruiz et al. (2014) elaborated on how to specify the AOD at each spectral band in the

RRTMG scheme. A 2-band version of the Angstrém law (Gueymard, 2001) was used

as follows:

T(d) = T0.55(L %

0.55

where 2 is the wavelength in pm and a;is the Angstrém exponent for each band,
definedas a; = a; for <0.55 um, and a;=a, otherwise. The corresponding values
of a; aregivenin Table 2. For a4, extinction coefficients of 0.337, 0.55 and 0.649
pm were used. The values at 0.55, 0.649, 1.06 and 1.536 um were used for «,.
We added an explanation of the aerosol particle size distribution and typology in the
new version as follows.
Lines 153-154: The particle size distribution and typology of aerosols used in this
study is according to Ruiz et al. (2014).

Reference
Ruiz-Arias, J. A., Dudhia, J., and Gueymard, C. A. (2014). A simple parameterization of the short-

wave aerosol optical properties for surface direct and diffuse irradiances assessment in a numerical
weather model. Geoentific Model Development, 7(3), 1159-1174.

4. Results:

a) The authors first describe the haze 15-22 December 2016 haze event, thoroughly
describing the evolution of the event in three stages. The specifics of the
simulation are then described, but this section should be moved to Methodology
(Section 3.2).

Thank you for your suggestion. We first showed the weather maps and time series of

meteorological elements in Section 3.1 from observations, namely, what the

observations told us. However, we begin to design sensitivity tests and analyze the

modeling results in Section 3.2. Therefore, we changed the chapter title to “3.1

Observation and weather condition analysis” to make it clear.

b) Simulation results are then described. There are so many numbers in the results
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section that an additional table could be added.
We added Table 3 to summarize the numbers.

Table 3 Quantitative results of the interaction between urbanization and aerosols

Temperature Specific humidity Longwave MLH Sensible heat Latent heat
°C x10-2 g kg™! W-m? m flux W-m? flux W-m2
Time 16th-191 20121 16119t 20121t 1eh-19t 20121 16M-21¢ 16th-21¢ 16M-21
UL _aero 0.42 0.19 3.66 3.08 0.10 -0.02 -1.97 -1.01 0.03
ULnoaero  0.60 0.35 4.78 4.48 0.62 0.51 4.04 1.74 0.49
AI_urban -0.16 -0.19 -0.88 -0.24 -4.37 -1.64 -0.50
AlLnourba  -0.34 -0.43 1.36 -0.73 -10.38 -4.02 -0.96

c) The authors could also organize the results better, as it is a bit confusing going
back and forth from aerosol impact on the urban to urban impacts on the aerosol.

Thank you for your suggestion. We unified the order of the analysis to show the

impacts of aerosols on urban areas first for each variable and added Table 3 to clarify

this information in the revised manuscript.

d) Line 167: What makes a heavy haze event typical?

Large-scale weather conditions result in poor dispersion of pollutants are the main

factor of typical continuous severe heavy haze formation.

e) Lines 194: “on” the morning of- . :

The suggested change has been made

f)  Lines 222-226: Rephrase, and also consider replacing the word “obviously”.

The revised version: The impact of urbanization on the near-surface temperature

displays diurnal variation in the Beijing area. The warming effect of urbanization was

dominant at night. The urban impact on temperature was partly offset under aerosol

conditions when comparing the results of Ul_aero and UI noaero, especially during

the daytime (Fig 6a, red lines).

g) Figure 6: Are these results averaged over a specific grid?

The results are processed to the regional average for the Beijing area.

h) Lines 270-271: What is meant by “a few differences”?

“a few differences” means the difference was very small. We revised the sentence to

“Aerosols reduce the downward shortwave radiation during the daytime, and the
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differences between Al urban and Al nourban are very small.” to clarify this
information.
i) Lines 308-309: I think I understand what you re saying here, but this needs to be

clearer.
We revised the sentence to the following: The above results indicate that the offsetting
effect of aerosols on urbanization is more important than the impact of urbanization on
aerosols on local weather.
J) Line 329: wind fields “are” very important.
The suggested change has been made.
5. Conclusion

a) The authors summarize their findings and highlight the most important results.

The paper ends without the authors discussing the implications of their
findings their findings, and could benefit from such a discussion being added.

We added a Discussion section in the new version as follows.
5 Discussion
In this study, it was easier to distinguish the impacts of aerosols and urbanization by
using RMAPS-ST with AOD hourly inputs than with RMAPS-Chem. One reason for
this difference is that the model performance of RMAPS-ST is much better than that of
RMAPS-Chem in meteorological fields. Although real-time feedback in modeling is
not provided, RMAPS-ST is more efficient and more suitable for short-term operational

forecasting.

This study not only qualified the impacts of aerosols and urbanization on haze events
but also analyzed the interaction between aerosols and urbanization during haze events.
This research will help to improve air quality under the continuous

urbanization and sustainable development of large cities.

The government has taken a series of emission reduction measures, including limiting

industrial emissions and vehicle plate number traffic restriction measures, to improve



the air quality in the BTH region. The policies have been effective in reducing aerosols.
At the same time, urbanization continues mainly in the areas around Beijing (such as
the Xiongan New Area). The results of this study show that the combined impact of
urbanization and decreasing aerosols will increase the downward shortwave radiation
and further increase the surface temperature and ozone concentration in the boundary
layer. Previous studies indicated that ozone generally increases with temperature and
decreases with humidity (Camalier et al., 2007; Cardelino et al., 1990). It is well known
that ozone is not only a pollutant but also a greenhouse gas. Therefore, ozone will form
a positive feedback mechanism to induce warming and ozone pollution in the boundary
layer. This feedback will pose a new challenge regarding how to reduce ozone pollution
in urban areas. Some studies have suggested that urban greening can effectively reduce
ozone pollution (Nowak et al., 2000; Benjamin and Winer, 1998). More attempts should
be made to add the interaction between urbanization and ozone in regional models.

Reference

Camalier, L., Cox, W., and Dolwick, P.: The effects of meteorology on ozone in urban areas
and their use in assessing ozone trends, Atmospheric Environment, 41(33), 7127-7137, 2007.

Cardelino, C. A., and Chameides, W. L.: Natural hydrocarbons, urbanization, and urban
ozone, Journal of Geophysical Research, 95(D9), 13971, 1990.

Nowak, D. J., Civerolo, K. L., Rao, S. T., Sistla, G., Luley, C. J., and Crane, D. E.: A modeling study
of the impact of urban trees on ozone, Atmospheric Environment, 34(10), 1601-1613., 2000.

Benjamin, M. T., Winer, A. M.: Estimating the ozone-forming potential of urban trees and shrubs,
Atmospheric Environment, 32(1), 53-68, 1998.

b) Line 379: Why not just list the actual maximum concentration?
Line 379 to Line 403: We rephrased this sentence and added the actual maximum
concentration of PMa 5. The revised sentence: The average concentration of PM» s was

approximately 200 pg-m™, and the maximum was 695 pg-m™.



6. Figures:
a) Figure 3: Is difficult to see, the red dashed contours are not clear on the

panels. We improved the quality of Figure 3 to make it clear.
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Figure 3 Weather maps. (a) 0800 LST on the 16" at 700 hPa; (b) 0800 LST on the 18" at 700 hPa;
(c) 0800 LST on the 19" at 700 hPa; (d) 2000 LST on the 19t at 700 hPa; (¢) 0800 LST on the
16" at 850 hPa; (f) 800 LST on the 18" at 850 hPa; (g) 0800 LST on the 19 at 850 hPa; (h) 2000
LST on the 19" at 850 hPa.

b) Figure 4: Add units on the left axis. Also, consider using a box instead of the
extra shaded regions on the 16th, 17th, and 19th.

We added the units and replaced the shading with a box in Figure 4.
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Figure 4 Hourly wind profile from the 15" to 23" of December. Wind speed (shading; m-s™') and
horizontal wind field (vector; m's™'). The black boxes show the two periods of south wind

conveyance.

Special thanks to you for your good comments. We tried our best to improve the
manuscript and made some changes in the manuscript. These changes will not influence

the content and framework of the paper. Furthermore, to make the article more readable,
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we have had the manuscript polished with a professional assistance in writing.

We appreciate for Reviewer’ warm work earnestly, and hope that the correction will
meet with approval.

Once again, thank you very much for your comments and suggestions.

Yours sincerely,

Dr. Tang
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