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Dear editor, 1 
 Thank you for your kind considerations on our manuscript entitled "Aerosol-2 
meteorology feedback diminishes the trans-boundary transport of black carbon into the 3 
Tibetan Plateau" (egusphere-2023-252). We appreciate that you gave us a chance of 4 
minor revision to improve our manuscript to a level suitable for publication in ACP. We 5 
also want to express our deep thanks to your positive comments. Those comments are 6 
all valuable and very helpful for revising and improving our paper. We have studied 7 
comments carefully and have made corrections, which we hope meet with approval. 8 
The main corrections in the paper and the corresponding responds are as following: 9 
 10 
Answers to editor: 11 
1. Both reviewers have viewed the manuscript positively and recommended its 12 
publication after various concerns are addressed. The authors have also responded to 13 
the reviewers' comments and addressed their concerns in a satisfactory manner. 14 
However, the authors' responses, including the requested explanations, justifications, 15 
validations and supporting figures, are mostly contained within the response file itself 16 
(showing that the authors have been engaged in a spirited conversation with the 17 
reviewers there), but these changes are not actively incorporated into the revised 18 
manuscript or its supplement. As far as one can see, the revised manuscript contains a 19 
lot fewer modified texts and figures than what the authors provided in the response file. 20 
The relevant changes are also not actively cited in the response file. The authors are 21 
thus encouraged to actively incorporate the requested explanations, justifications, new 22 
validations, and their supporting figures (such as A1 and A2) into the revised 23 
manuscript and its supplement, and cite them thoroughly in the response file. This is 24 
necessary to create a standalone manuscript that fully and unambiguously addresses the 25 
reviewers' concerns without the need to refer back to the response file, which most 26 
readers would not do. 27 
Response: Firstly, we appreciate that you gave us a chance of minor revision to improve 28 
our manuscript to a level suitable for publication in Atmospheric Chemistry and Physics. 29 
We also want to express our deep thanks to your positive comments. According to your 30 
valuable suggestion, we have actively incorporated the requested explanations, 31 
justifications, new validations, and their supporting figures (such as A1 and A2) into 32 
the revised manuscript and its supplement, and cite them thoroughly in the response 33 
file. In addition, the answers to reviewers have also been made corresponding 34 
modifications.  35 
 36 
2. Moreover, the authors are recommended to further modify the concluding section 37 
according to ACP's writing guidelines (see the end of this response). In particular, the 38 
authors are recommended to discuss the limitations and caveats of their study (currently 39 
the last paragraph) in a tone suitable for a journal. Currently, the last paragraph, which 40 
was written mostly to respond to the reviewers' suggestions, appears to belong more to 41 
a research proposal than a research paper (e.g., "we plan to..."; "... will be used"). The 42 
readers are generally not very interested in what the authors plan to do, but more in 43 
what the limitations of the study mean for their interpretation of its results, and what 44 
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they themselves (i.e., the readers, the other researchers in general) should do in the 45 
future to address these limitations. Furthermore, the revised manuscript has not fully 46 
discussed the larger implications and importance of their results to the larger 47 
atmospheric/climate scientists' community, which is among the most important element 48 
of a good ACP paper.  49 
Response: Thank you for your valuable suggestion. According to your suggestion, the 50 
last paragraph has been re-written as: Based on a severe aerosol pollution event, this 51 
study investigates the potential impact of aerosol-meteorology feedback on the 52 
transport of BC to the southern TP for a relatively short period. Similar studies for a 53 
long-term period are necessary to examine whether the results obtained in this study are 54 
universal. In addition, a finer grid resolution of the model domain and an improvement 55 
in spatio-temporal resolution in emission inventory is needed to minimize the modeled 56 
biases caused by the TP’s particularly complex topography. Furthermore, the results of 57 
this study show for the first time that the aerosol-meteorology feedback plays a 58 
substantial role in the transboundary transport of aerosols to the TP. Aerosols over the 59 
TP exert an important effect on the convective system over the TP (Zhao et al., 60 
2020;Zhou et al., 2017). In the monsoon season, the convective activity is very vigorous 61 
over the TP. The transboundary transported aerosols along the slope from the foothill 62 
up to the TP via aerosol-meteorology feedback may also play a role. The potential 63 
impacts of aerosols on the regional climate over the TP using a high-resolution model 64 
that can resolve the complex topography of the TP deserve in-depth investigation. 65 
 66 
3. Finally, in the modified text of the abstract, it is not clear what "acquired" means; 67 
they might have meant "determined" or "found" instead. That sentence also contains 68 
too many repeated words; the whole first part of the sentence "By excavating the..." can 69 
likely be omitted. 70 
Response: Thank you for your good advice. The corresponding sentence in the abstract 71 
has been revised as ‘In addition, it is found that the aerosol-meteorology feedback 72 
decreases the vertically integrated transboundary transport flux of BC from the central 73 
and western Himalayas towards the TP’. 74 
 75 
 76 
Answers to reviewer#1: 77 
1. The measurement distinguishes this manuscript and also a previous one, i.e., zhang 78 
et al., 2020, written by the key authors from a pure model simulation. However, these 79 
major results on transport flux and the aerosol-meteorology feedback are merely model 80 
simulations? Whether do the observation here or in other places reflect the pattern of 81 
transport flux or the aerosol-meteorology feedback pattern on transport flux? 82 
Response: Thank you for your valuable suggestion. As the reviewer stated, the major 83 
results on transport flux and the aerosol-meteorology feedback are from model 84 
simulations. Because known as the ‘Third Pole’, the Himalayas and the Tibetan Plateau 85 
(TP) have very limited observational dataset due to harsh environment, limited access 86 
for fieldwork, and the sparsity of fixed instrumental stations.  87 
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Through the literature research, it is found that there are studies using 88 
observational dataset to reflect the transport flux of aerosols. For example, using 89 
ground-based multi-axis differential optical absorption spectroscopy (MAX-DOAS) at 90 
the Nancheng site in suburban Beijing on the southwest transport pathway of the 91 
Beijing-Tianjin-Hebei (BTH) region, Hu et at. (2022) estimated the vertical profiles of 92 
transport fluxes in the southwest-northeast direction. The results showed that the 93 
maximum net transport fluxes per unit cross-sectional area, calculated as pollutant 94 
concentration multiply by wind speed, of aerosol extinction coefficient (AEC), NO2, 95 
SO2 and HCHO were 0.98 km−1m s−1, 24, 14 and 8.0 μg m−2 s−1 from southwest to 96 
northeast, which occurred in the 200–300 m, 100–200 m, 500–600 m and 500–600 m 97 
layers, respectively, due to much higher pollutant concentrations during southwest 98 
transport than during northeast transport in these layers. The average net column 99 
transport fluxes were 1200 km−1 m2 s−1, 38, 26 and 15 mg m−1 s−1 from southwest to 100 
northeast for AEC, NO2, SO2 and HCHO, respectively, in which the fluxes in the surface 101 
layer (0–100 m) accounted for only 2.3%–4.2%.  102 

However, in terms of the influence of aerosol-meteorology feedback on transport 103 
flux of aerosols, it is found that no matter in regions with abundant observational data 104 
or in regions with sparse observational data, the influence of aerosol-meteorology 105 
feedback on the transport flux of aerosols was evaluated by means of model simulation, 106 
because sensitivity tests are involved in such studies. For instance, Huang et al. (2020) 107 
suggested that the aerosol-meteorology interaction and feedback enhanced the trans-108 
boundary transport of pollutants between the North China Plain and the Yangzi River 109 
Delta regions and thus exacerbated the haze levels in these two regions simultaneously, 110 
which was published in nature geoscience.  111 
 112 
2. Although observation-model comparison on BC concentration and AOD have been 113 
conducted, these results do not fully justify the simulated transport flux pattern? More 114 
regious comparisons also transport flux among observations/reanalysis and models, or 115 
intermodel comparison on transport flux, might be helpful? 116 
Response: Thank you for your good advice. The reviewer made a very good point here. 117 
According to the reviewer’s suggestion, we not only validated the model performance 118 
on temporal variation in AOD at different stations by comparing the simulated AOD 119 
with the ground-based and satellite-based observational AOD (Figure S4), but also 120 
verified the model performance on the spatial distribution of AOD over the study area 121 
by comparing the simulated AOD with the satellite-based and reanalyzed AOD (Figure 122 
S5). However, for BC, the comparison between the reanalysis and simulation was only 123 
conducted for most of the selected stations because we have very limited in-situ 124 
observed BC (the observed BC is only available at the QOMS station). According to 125 
the reviewer’s suggestion, we further validated the model performance by conducting 126 
the inter-comparison among in-situ observation, simulation, and MERRA-2 reanalysis 127 
at the QOMS station, as shown in Figure S6. The results show that the temporal 128 
variation in simulation is very close to that of simulation. Moreover, the correlation 129 
coefficient between the simulation and observation is 0.867, passing the 99% 130 
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confidence level. Therefore, the model configuration used in this study presents a 131 
reasonable performance on BC. For the spatial distribution of BC over the study area,  132 
because the spatial distribution of BC concentration retrieved from CAM_Chem dataset 133 
is not reasonable (Figure S7a), the inter-comparison between WRF-Chem simulated 134 
and reanalyzed BC concentrations over the domain was performed to validate the model 135 
performance on the spatial distribution of BC concentrations. The results show that the 136 
spatial pattern of WRF-Chem simulated BC is similar to that of MERRA-2 reanalyzed 137 
BC (Figure S7b-c).  138 
    The section of validating the model performance on AOD and BC has been revised 139 
as follows: 140 

To validate the model performance on simulating spatiotemporal variations in 141 
aerosols, ground-based AOD from AERONET together with reanalyzed AOD from 142 
MERRA-2 is compared to simulated AOD first. Figure S4 shows the temporal 143 
variations in simulated and observed daily mean AOD at Nam Co, QOMS, and Pokhara 144 
stations for the period from April 20 to May 10, 2016. As a whole, the WRF-Chem 145 
model reasonably reproduces the temporal variations in AOD at each of the above 146 
stations, with a relatively larger bias at Nam Co and Pokhara stations and a smaller bias 147 
at QOMS station. The specific statistics for N, observed mean, simulated mean, MB, 148 
NMB, RMSE, and R between observed and simulated AOD at different stations are 149 
shown in Table S2 in the SI. As we note that one-third of AOD values at the selected 150 
stations in the MERRA-2 dataset during the study period is missing, the statistical 151 
description between the reanalyzed and simulated AOD is not presented. The results 152 
from Table S2 indicate that MB with values of −0.13, −0.01, and −0.57, and R with 153 
values of 0.58, 0.42, and 0.56 are obtained at Nam Co, QOMS, and Pokhara, 154 
respectively. Moreover, AOD from observation is significantly correlated with that 155 
from simulation at Nam Co and Pokhara stations, with the correlation coefficient 156 
passing the 95% confidence level. In addition, we note that AOD from the simulation 157 
is on average lower than that from observation, which may be due to the assumed 158 
spherical aerosol particles in the model simulation. The optical properties of particles 159 
are more sensitive to non-spherical morphology than primary spherical structure (China 160 
et al., 2015;He et al., 2015). On the whole, the model effectively reproduces the 161 
observed temporal variation in AOD. 162 
Spatially, the spatial pattern of simulated AOD is in consistent with that from either 163 
MODIS or MERRA-2 reanalysis dataset, suggesting a reliable performance of WRF-164 
Chem on simulating AOD. Specifically, AOD from simulation, MODIS, and MERRA-165 
2 shows distinct spatial distribution characteristics, with high values in northern South 166 
Asia, the Bay of Bengal, Southeast Asia, and the Sichuan Basin and low values over 167 
the TP (Figure S5). This is because northern South Asia, Southeast Asia, and the 168 
Sichuan Basin are heavily industrialized and densely populated regions compared to 169 
the TP (Bran and Srivastava, 2017). In the Taklimakan Desert, AOD monitored by 170 
satellite is much higher than that obtained from simulation, which is likely due to the 171 
uncertainty of the emission inventory. Taken together, the comparison between 172 
simulation from WRF-Chem and observation from AERONET, MODIS, and MERRA-173 

javascript:;


5 
 

2 shows that the WRF-Chem model captures the overall spatio-temporal characteristics 174 
of AOD over the domain. 175 
To verify the capability of this framework of WRF-Chem on simulating BC 176 
concentration, we present the temporal variation in simulated and reanalyzed hourly 177 
BC concentrations at Nam Co, QOMS, Lhasa, NCO-P, Laohugou, and Kanpur stations 178 
during the period from April 20 to May 10, 2016, as shown in Figure 4. It is found that 179 
the WRF-Chem model overall reproduces the temporal variation in reanalyzed BC 180 
concentrations at different stations. The specific statistics for N, observed mean, 181 
simulated mean, MB, NMB, RMSE, and R between the reanalyzed and simulated 182 
hourly BC concentrations at different stations are shown in Table S2 in the SI. As can 183 
be seen, MB with values of −0.07, 0.14, −0.02, −0.02, 0.02, and 0.72, and R with values 184 
of 0.67, 0.43, 0.47, 0.50, 0.25, and 0.64 are obtained at Nam Co, QOMS, Lhasa, NCO-185 
P, Laohugou, and Kanpur stations, respectively. The reanalyzed and simulated hourly 186 
BC concentrations are strongly correlated at each of the stations, with the correlation 187 
coefficient exceeding the 99% confidence level. Besides the reanalyzed hourly BC 188 
concentration, the in-situ BC observation is available at the QOMS station. The inter-189 
comparison among in-situ observed, simulated, and MERRA-2 reanalyzed daily mean 190 
BC concentrations at the QOMS station was further conducted, as shown in Figure S6. 191 
It is apparent that the temporal variation in simulated daily mean BC concentrations is 192 
very close to that of observed daily mean BC concentrations. The correlation coefficient 193 
between the simulated and observed daily mean BC concentrations is 0.867, passing 194 
the 99% confidence level. Hence, the WRF-Chem model exhibits a better performance 195 
in simulating BC concentrations.  196 

Because the spatial distribution of BC concentration retrieved from CAM_Chem 197 
dataset is not reasonable (Figure S7a), the inter-comparison between WRF-Chem 198 
simulated and reanalyzed BC concentrations over the domain was performed to validate 199 
the model performance on the spatial distribution of BC concentrations. Figure S7b-c 200 
presents the spatial distribution of simulated and reanalyzed BC concentrations over the 201 
domain averaged for the period from from April 20 to May 10, 2016. It can be found 202 
that BC concentrations from both simulation and reanalysis display distinct spatial 203 
variability, with low concentrations over the TP and high concentrations over the north 204 
of South Asia, Southeast Asia, and the Sichuan Basin. As one of the most pristine 205 
regions on the earth, the TP has a small population density and a low degree of 206 
industrialization, resulting in low BC concentrations. Nonetheless, regions adjacent to 207 
the TP like north of South Asia, Southeast Asia, and the Sichuan Basin with low 208 
elevations have dense populations and developed industrialization (Li et al., 2016a;Qin 209 
and Xie, 2012;Li et al., 2016b), emitting large amounts of BC into the atmosphere and 210 
resulting in high BC concentrations. Therefore, the WRF-Chem model can capture the 211 
main temporal and spatial features of BC concentrations over the TP and adjacent 212 
regions.  213 
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 214 
Figure 4. Temporal variations in simulated and reanalyzed hourly BC concentrations at 215 
Nam Co (a), QOMS (b), Lhasa (c), NCO-P (d), Laohugou (e), and Kanpur (f) stations 216 
for the period from April 20 to May 10, 2016.  217 
 218 

 219 
Figure S4. Inter-comparison of temporal variations in simulated, ground-based, and 220 
satellite-based daily mean AOD at (a) Nam Co, (b) QOMS, and (c) Pokhara stations for 221 
the period from April 20 to May 10, 2016.  222 
 223 

 224 

Figure S5. Inter-comparison of spatial distribution of simulated, satellite-based, and 225 
reanalyzed mean daily AOD averaged for the period from April 20 to May 10, 2016 226 
over the study area.  227 

 228 
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 229 

Figure S6. Inter-comparison of temporal variations in simulated, in-situ observed, and 230 
reanalyzed mean daily BC concentrations at the QOMS station for the period from April 231 
20 to May 10, 2016.  232 
 233 

 234 
Figure S7. Spatial distribution of (a) WRF-Chem simulated, (b) reanalyzed, and (c) 235 
CAM-Chem based BC concentrations over the domain averaged for the period from 236 
April 20 to May 10, 2016. 237 
 238 

Additionally, in terms of the BC transport flux, since the spatial pattern of BC from 239 
CAM_Chem is not reasonable, we can’t further verify the transboundary transport flux 240 
of BC with CAM_Chem data. Also, the BC from MERRA-2 has no vertical information, 241 
resulting in the inability to provide vertical profile of BC transport flux. Therefore, the 242 
transport flux of BC was not verified by inter-model comparison. 243 

 244 
3. The WRF-Chem experiments take advantage of the record-breaking aerosol pollution 245 
event and run with aerosol-meteorology feedback on or off. Is there any observational 246 
evidence that aerosol-meteorology feedback changes the distribution or transport flux 247 
of BC? Are there model evidences that aerosol-meteorology feedback model better 248 
capture the observation of BC concentration or transport flux?   249 
Response: Thank you very much for your valuable advice. Aerosol-meteorology 250 
interactions can change surface aerosol concentration via different mechanisms such as 251 
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altering radiation budget or cloud microphysics. Although most previous works 252 
associated with the effect of aerosol-meteorology interaction on air pollution were 253 
mainly based on model simulation, there are observational evidence that aerosol-254 
meteorology feedback could change the distribution or transport flux of air pollutants 255 
as well as model evidence that aerosol-meteorology feedback model better capture the 256 
observation of BC concentration or transport flux. For instance, based on multiyear 257 
measurements and reanalysis meteorological data, Huang et al. (2018) gave 258 
observational evidences on aerosol-meteorology interaction and its impact on pollution 259 
aggravation. They found a significant heating in upper planetary boundary layer with 260 
maximum temperature change about 0.7 °C on average and a substantial dimming near 261 
surface with a mean temperature drop of 2.2 °C under polluted condition. Both 262 
observations and simulations using multiple models suggested that light-absorbing 263 
aerosols, like black carbon, exert crucial parts on such interaction. Moreover, both 264 
observations and simulations imply that increased stability caused by aerosol-265 
meteorology interaction may continue to influence the atmospheric stratification and 266 
deteriorate the pollution on the next day. Additionally, Zhang et al. (2018) quantified 267 
the enhancement of PM2.5 concentrations by aerosol-meteorology feedback in China in 268 
2014 for different seasons and separate the relative impacts of aerosol radiation 269 
interactions (ARIs) and aerosol-cloud interactions (ACIs) by using the WRF-Chem 270 
model. They found that ARIs and ACIs could increase population-weighted annual 271 
mean PM2.5 concentrations over China by 4.0 μg/m3 and 1.6 μg/m3, respectively. Also, 272 
Huang et al. (2020) reported that long-range transport and aerosol–meteorology 273 
feedback may interact rather than act as two isolated processes as traditionally thought 274 
by investigating typical regional haze events in northern and eastern China. This 275 
interaction can then amplify transboundary air pollution transport over a distance of 276 
1,000 km and boost long-lasting secondary haze from the North China Plain to the 277 
Yangtze River delta. The results show an amplified transboundary transport of haze by 278 
aerosol–meteorology interaction in China and suggest the importance of coordinated 279 
cross-regional emission reduction with a focus on radiatively active species like black 280 
carbon. The study was performed by designing sensitivity experiment with WRF-Chem 281 
model. Taken together, there are observational and model evidences that aerosol-282 
meteorology feedback could change the distribution or transport flux of BC.  283 
  284 
4. Zhang et al., 2020 suggest that model resolving more valleys and mountains better 285 
capture valley transport and overall cross-Himalayan transport. As the authors have 286 
discussed potential weakness in current 15 km resolution model, will the current model 287 
be satisfying in simulating the aerosol-meteorology feedback? 288 
Response: Thank you very much for your valuable advice. Although the WRF-Chem 289 
model with a horizontal resolution of 15 km×15 km used in this study is coarser than 290 
that of the study conducted by Zhang et al. (2020), the horizontal resolution of 15 km 291 
is overall satisfying in simulating aerosol-meteorology feedback. Because numerous 292 
previous modeling studies on aerosol-meteorology feedback have a horizontal 293 
resolution of 20 km or even coarser (Hu et al., 2022;Zhang et al., 2018;Li et al., 294 
2022;Bharali et al., 2019;Gao et al., 2015;Huang et al., 2020). Considering that the 295 
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topography of the TP is more complex than that of other regions, we use a relatively 296 
finer resolution of 15 km other than 20 km or even courser of other studies. Moreover, 297 
the WRF-Chem model with a horizontal resolution of 15 km had already been used to 298 
investigate the aerosol-meteorology feedback over the TP and its surrounding regions 299 
in a previous study (Yang et al., 2017). Therefore, a horizontal resolution of 15 km used 300 
in this current study is overall satisfying.  301 
 302 
5. From Figure 7 & Figure 13, the aerosol-meteorology feedback does not simply lower 303 
the transport flux as written in the title?  304 
Response: Thank you for your valuable suggestion. Figure 7 shows the longitudinal 305 
distribution of vertically integrated BC mass flux along the cross section in Figure 2 306 
from simulation with aerosol-meteorology feedback, while Figure 13 depicts the 307 
difference in longitudinal distribution of vertically integrated BC transport flux along 308 
the cross section in Figure 2 from simulations with and without aerosol-meteorology 309 
feedback. Therefore, the impact of aerosol-meteorology feedback on BC transport flux 310 
is presented in Figure 13. Because northwestern South Asia contributes more BC to the 311 
TP via cross-Himalayan transport during the severe aerosol pollution event and the 312 
largest BC transport flux occurs at mountain valley in western Himalayas. In other 313 
words, the transboundary transport of BC towards the TP mainly occurred in the central 314 
and western Himalayas. Moreover, the interaction between aerosol and meteorology 315 
mainly occurred in the atmospheric planetary boundary layer. Therefore, from Figure 316 
13, it is obvious that, from 72 °E to 92 °E in the central and eastern Himalayas, the BC 317 
transport flux induced by aerosol-meteorology feedback is almost negative, indicating 318 
that the aerosol-meteorology feedback in the central and eastern Himalayas does reduce 319 
the transport flux of BC towards the TP.  320 

 321 
Figure 7. Longitudinal distribution of vertically integrated BC mass flux (red line) along 322 
the cross section in Figure 2 from simulation with aerosol-meteorology feedback. The 323 
black line represents the terrain height. 324 
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 325 
Figure 13. Difference in longitudinal distribution of vertically integrated BC transport 326 
flux along the cross section in Figure 2 from simulations with and without aerosol-327 
meteorology feedback. The black line represents the terrain height. 328 
 329 
6. The authors know clear the uncertainties in a pure model simulation (in lines 906-330 
917). A discussion on wanted future experiments to constrain these uncertainties would 331 
be nice.  332 
Response: Thank you very much for your valuable advice. Aerosol direct radiative 333 
forcing (DRF) depends critically on many assumptions about the aerosol mass 334 
concentration, size, shape, optical properties, and mixing state that affect aerosol optical 335 
depth (AOD), single scattering albedo (SSA), and asymmetry parameter. SSA 336 
variations of 11% may change the sign of DRF from negative to positive (Jethva et al., 337 
2014). The most important factor of uncertainty in the calculation of AOD and SSA is 338 
the assumption of the aerosol mixing state (Curci et al., 2015). Curci et al. (2019) 339 
compared an ensemble of regional models over Europe and North America and found 340 
that the absolute error in simulating SSA is a few percent, but the sign of the bias has a 341 
certain dependence on the aerosol mixing state assumption. Therefore, the aerosol 342 
direct effect is very sensitive to the mixing state between scattering aerosols and 343 
absorbing aerosols. The representation of how chemical species are mixed inside the 344 
particles (the mixing state) is one of the major uncertainty factors in the assessment of 345 
these effects. It is thus recommended to focus further research on a more accurate 346 
representation of the aerosol mixing state in models, in order to have a less uncertain 347 
simulation of the related optical properties. Generally, there are three aerosol mixing 348 
assumptions, including external, internal (BC-core surrounded by well mixed 349 
scattering-shells) and partially internal mixtures (32.2% of sulfate and nitrate, 35.5% of 350 
BC and 48.5% of OC were internally mixed). Previous study indicated that core‐shell 351 
internal mixing representation produces the most accurate absorption AOD and SSA at 352 
Aerosol Robotic Network (AERONET) Sun photometers site observations dominated 353 
by carbonaceous absorption (Tuccella et al., 2020). Therefore, in the future, we plan to 354 
improve the simulation accuracy by modifying the aerosol mixing state in the model. 355 
In addition, our results are based on a severe aerosol pollution event over a short period, 356 
and studies with longer duration are desirable in the future to test whether the results 357 
obtained from this severe aerosol pollution event are universal.  358 
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 359 
The last paragraph has been revised as follows: 360 

Based on a severe aerosol pollution event, this study investigates the potential 361 
impact of aerosol-meteorology feedback on the transport of BC to the southern TP for 362 
a relatively short period. Similar studies for a long-term period are necessary to examine 363 
whether the results obtained in this study are universal. In addition, a finer grid 364 
resolution of the model domain and an improvement in spatio-temporal resolution in 365 
emission inventory is needed to minimize the modeled biases caused by the TP’s 366 
particularly complex topography. Furthermore, the results of this study show for the 367 
first time that the aerosol-meteorology feedback plays a substantial role in the 368 
transboundary transport of aerosols to the TP. Aerosols over the TP exert an important 369 
effect on the convective system over the TP (Zhao et al., 2020;Zhou et al., 2017). In the 370 
monsoon season, the convective activity is very vigorous over the TP. The 371 
transboundary transported aerosols along the slope from the foothill up to the TP via 372 
aerosol-meteorology feedback may also play a role. The potential impacts of aerosols 373 
on the regional climate over the TP using a high-resolution model that can resolve the 374 
complex topography of the TP deserve in-depth investigation. 375 
 376 
 377 
Answers to Reviewer #2: 378 
The interaction between aerosols and meteorology, and its impact on the cross-379 
boundary transport flux of BC (black carbon) over the Tibetan Plateau (TP), has 380 
received limited attention in previous research. This paper presents a comprehensive 381 
investigation of the aerosol-meteorology feedback and its influence on BC transport 382 
flux during a period of heavy aerosol pollution. The study utilizes WRF-Chem 383 
simulation to thoroughly analyze the phenomenon. Additionally, the paper elucidates 384 
the meteorological factors that contribute to the occurrence of severe aerosol pollution 385 
events over the TP. The concept introduced in this article is characterized by its novelty, 386 
and the study's findings hold significant implications for the preservation of the TP's 387 
ecological environment. Hence, I recommend that this manuscript be revised and 388 
considered for publication in ACP. Please find below some specific comments for 389 
further improvement: 390 
Firstly, we appreciate that you gave us a chance of revision to improve our manuscript 391 
to a level suitable for publication in Atmospheric Chemistry and physics. The 392 
comments are replied as follows: 393 
 394 
1. The authors validated the model performance on BC and AOD by comparing the 395 
simulation and observation. Although the comparison results are basically satisfactory, 396 
the data used to validate the model performance is still simple and I suggest inter-model 397 
comparison should be considered, which might be more convincing. 398 
Response: Thank you for your good advice. The reviewer made a very good point here. 399 
According to the reviewer’s suggestion, we not only validated the model performance 400 
on temporal variation in AOD at different stations by comparing the simulated AOD 401 
with the ground-based and satellite-based observational AOD (Figure S4), but also 402 
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verified the model performance on the spatial distribution of AOD over the study area 403 
by comparing the simulated AOD with the satellite-based and reanalyzed AOD (Figure 404 
S5). However, for BC, the comparison between the reanalysis and simulation was only 405 
conducted for most of the selected stations because we have very limited in-situ 406 
observed BC (the observed BC is only available at the QOMS station). According to 407 
the reviewer’s suggestion, we further validated the model performance by conducting 408 
the inter-comparison among in-situ observation, simulation, and MERRA-2 reanalysis 409 
at the QOMS station, as shown in Figure S6. The results show that the temporal 410 
variation in simulation is very close to that of simulation. Moreover, the correlation 411 
coefficient between the simulation and observation is 0.867, passing the 99% 412 
confidence level. Therefore, the model configuration used in this study presents a 413 
reasonable performance on BC. For the spatial distribution of BC over the study area,  414 
because the spatial distribution of BC concentration retrieved from CAM_Chem dataset 415 
is not reasonable (Figure S7a), the inter-comparison between WRF-Chem simulated 416 
and reanalyzed BC concentrations over the domain was performed to validate the model 417 
performance on the spatial distribution of BC concentrations. The results show that the 418 
spatial pattern of WRF-Chem simulated BC is similar to that of MERRA-2 reanalyzed 419 
BC (Figure S7b-c).  420 
    The section of validating the model performance on AOD and BC has been revised 421 
as follows: 422 

To validate the model performance on simulating spatiotemporal variations in 423 
aerosols, ground-based AOD from AERONET together with reanalyzed AOD from 424 
MERRA-2 is compared to simulated AOD first. Figure S4 shows the temporal 425 
variations in simulated and observed daily mean AOD at Nam Co, QOMS, and Pokhara 426 
stations for the period from April 20 to May 10, 2016. As a whole, the WRF-Chem 427 
model reasonably reproduces the temporal variations in AOD at each of the above 428 
stations, with a relatively larger bias at Nam Co and Pokhara stations and a smaller bias 429 
at QOMS station. The specific statistics for N, observed mean, simulated mean, MB, 430 
NMB, RMSE, and R between observed and simulated AOD at different stations are 431 
shown in Table S2 in the SI. As we note that one-third of AOD values at the selected 432 
stations in the MERRA-2 dataset during the study period is missing, the statistical 433 
description between the reanalyzed and simulated AOD is not presented. The results 434 
from Table S2 indicate that MB with values of −0.13, −0.01, and −0.57, and R with 435 
values of 0.58, 0.42, and 0.56 are obtained at Nam Co, QOMS, and Pokhara, 436 
respectively. Moreover, AOD from observation is significantly correlated with that 437 
from simulation at Nam Co and Pokhara stations, with the correlation coefficient 438 
passing the 95% confidence level. In addition, we note that AOD from the simulation 439 
is on average lower than that from observation, which may be due to the assumed 440 
spherical aerosol particles in the model simulation. The optical properties of particles 441 
are more sensitive to non-spherical morphology than primary spherical structure (China 442 
et al., 2015;He et al., 2015). On the whole, the model effectively reproduces the 443 
observed temporal variation in AOD. 444 
Spatially, the spatial pattern of simulated AOD is in consistent with that from either 445 
MODIS or MERRA-2 reanalysis dataset, suggesting a reliable performance of WRF-446 
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Chem on simulating AOD. Specifically, AOD from simulation, MODIS, and MERRA-447 
2 shows distinct spatial distribution characteristics, with high values in northern South 448 
Asia, the Bay of Bengal, Southeast Asia, and the Sichuan Basin and low values over 449 
the TP (Figure S5). This is because northern South Asia, Southeast Asia, and the 450 
Sichuan Basin are heavily industrialized and densely populated regions compared to 451 
the TP (Bran and Srivastava, 2017). In the Taklimakan Desert, AOD monitored by 452 
satellite is much higher than that obtained from simulation, which is likely due to the 453 
uncertainty of the emission inventory. Taken together, the comparison between 454 
simulation from WRF-Chem and observation from AERONET, MODIS, and MERRA-455 
2 shows that the WRF-Chem model captures the overall spatio-temporal characteristics 456 
of AOD over the domain. 457 
To verify the capability of this framework of WRF-Chem on simulating BC 458 
concentration, we present the temporal variation in simulated and reanalyzed hourly 459 
BC concentrations at Nam Co, QOMS, Lhasa, NCO-P, Laohugou, and Kanpur stations 460 
during the period from April 20 to May 10, 2016, as shown in Figure 4. It is found that 461 
the WRF-Chem model overall reproduces the temporal variation in reanalyzed BC 462 
concentrations at different stations. The specific statistics for N, observed mean, 463 
simulated mean, MB, NMB, RMSE, and R between the reanalyzed and simulated 464 
hourly BC concentrations at different stations are shown in Table S2 in the SI. As can 465 
be seen, MB with values of −0.07, 0.14, −0.02, −0.02, 0.02, and 0.72, and R with values 466 
of 0.67, 0.43, 0.47, 0.50, 0.25, and 0.64 are obtained at Nam Co, QOMS, Lhasa, NCO-467 
P, Laohugou, and Kanpur stations, respectively. The reanalyzed and simulated hourly 468 
BC concentrations are strongly correlated at each of the stations, with the correlation 469 
coefficient exceeding the 99% confidence level. Besides the reanalyzed hourly BC 470 
concentration, the in-situ BC observation is available at the QOMS station. The inter-471 
comparison among in-situ observed, simulated, and MERRA-2 reanalyzed daily mean 472 
BC concentrations at the QOMS station was further conducted, as shown in Figure S6. 473 
It is apparent that the temporal variation in simulated daily mean BC concentrations is 474 
very close to that of observed daily mean BC concentrations. The correlation coefficient 475 
between the simulated and observed daily mean BC concentrations is 0.867, passing 476 
the 99% confidence level. Hence, the WRF-Chem model exhibits a better performance 477 
in simulating BC concentrations.  478 

Because the spatial distribution of BC concentration retrieved from CAM_Chem 479 
dataset is not reasonable (Figure S7a), the inter-comparison between WRF-Chem 480 
simulated and reanalyzed BC concentrations over the domain was performed to validate 481 
the model performance on the spatial distribution of BC concentrations. Figure S7b-c 482 
presents the spatial distribution of simulated and reanalyzed BC concentrations over the 483 
domain averaged for the period from from April 20 to May 10, 2016. It can be found 484 
that BC concentrations from both simulation and reanalysis display distinct spatial 485 
variability, with low concentrations over the TP and high concentrations over the north 486 
of South Asia, Southeast Asia, and the Sichuan Basin. As one of the most pristine 487 
regions on the earth, the TP has a small population density and a low degree of 488 
industrialization, resulting in low BC concentrations. Nonetheless, regions adjacent to 489 
the TP like north of South Asia, Southeast Asia, and the Sichuan Basin with low 490 
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elevations have dense populations and developed industrialization (Li et al., 2016a;Qin 491 
and Xie, 2012;Li et al., 2016b), emitting large amounts of BC into the atmosphere and 492 
resulting in high BC concentrations. Therefore, the WRF-Chem model can capture the 493 
main temporal and spatial features of BC concentrations over the TP and adjacent 494 
regions.  495 

 496 
Figure 4. Temporal variations in simulated and reanalyzed hourly BC concentrations at 497 
Nam Co (a), QOMS (b), Lhasa (c), NCO-P (d), Laohugou (e), and Kanpur (f) stations 498 
for the period from April 20 to May 10, 2016.  499 
 500 

 501 
Figure S4. Inter-comparison of temporal variations in simulated, ground-based, and 502 
satellite-based daily mean AOD at (a) Nam Co, (b) QOMS, and (c) Pokhara stations for 503 
the period from April 20 to May 10, 2016.  504 
 505 

 506 

Figure S5. Inter-comparison of spatial distribution of simulated, satellite-based, and 507 
reanalyzed mean daily AOD averaged for the period from April 20 to May 10, 2016 508 
over the study area.  509 
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 510 

 511 

Figure S6. Inter-comparison of temporal variations in simulated, in-situ observed, and 512 
reanalyzed mean daily BC concentrations at the QOMS station for the period from April 513 
20 to May 10, 2016.  514 
 515 

 516 
Figure S7. Spatial distribution of (a) WRF-Chem simulated, (b) reanalyzed, and (c) 517 
CAM-Chem based BC concentrations over the domain averaged for the period from 518 
April 20 to May 10, 2016. 519 
 520 

Additionally, in terms of the BC transport flux, since the spatial pattern of BC from 521 
CAM_Chem is not reasonable, we can’t further verify the transboundary transport flux 522 
of BC with CAM_Chem data. Also, the BC from MERRA-2 has no vertical information, 523 
resulting in the inability to provide vertical profile of BC transport flux. Therefore, the 524 
transport flux of BC was not verified by inter-model comparison. 525 
 526 
2. When analyzing the meteorological causes of the heavy aerosol pollution event, 527 
isotherms in the weather maps in Figure 3 are not included in the analysis, and isotherms 528 
lead to blurring of potential heights and wind fields in weather maps, so I suggest 529 
removing them. 530 



16 
 

Response: Thank you very much for your kind remind. According to the reviewer’s 531 
suggestion, we have removed the isotherms in the weather maps in Figure 3 and the 532 
replotted Figure 3 is shown as follows:  533 

 534 
Figure 3 Weather maps at 500 hPa over the study area during the severe aerosol 535 
pollution event based on ERA-Interim reanalysis dataset. The blue lines are isopleths 536 
of geopotential height (unit: dagpm). Wind speed (unit: m/s) and direction are denoted 537 
by wind barb.  538 
 539 
3. As the author stated in the title as well as in Figure.12, the aerosol-meteorology 540 
feedback decreased the cross-boundary transport flux of BC towards the TP. In fact, 541 
this conclusion is the result of pure model simulation because of the harsh environment, 542 
limited access for fieldwork, and the sparsity of fixed instrumental stations over the TP. 543 
So is there similar study in other places and What effect does the aerosol-meteorology 544 
feedback have on the transport flux of aerosols? 545 
Response: Thank you very much for your good suggestion. This suggestion is 546 
somewhat similar to that made by the first reviewer. By reviewing extensive literature, 547 
it was found that there are similar studies in other places. For example, using ground-548 
based multi-axis differential optical absorption spectroscopy (MAX-DOAS) at the 549 
Nancheng site in suburban Beijing on the southwest transport pathway of the Beijing-550 
Tianjin-Hebei (BTH) region, Hu et at. (2022) estimated the vertical profiles of transport 551 
fluxes in the southwest-northeast direction. The results showed that the maximum net 552 
transport fluxes per unit cross-sectional area, calculated as pollutant concentration 553 
multiply by wind speed, of aerosol extinction coefficient (AEC), NO2, SO2 and HCHO 554 
were 0.98 km−1m s−1, 24, 14 and 8.0 μg m−2 s−1 from southwest to northeast, which 555 
occurred in the 200–300 m, 100–200 m, 500–600 m and 500–600 m layers, respectively, 556 
due to much higher pollutant concentrations during southwest transport than during 557 
northeast transport in these layers. The average net column transport fluxes were 1200 558 
km−1 m2 s−1, 38, 26 and 15 mg m−1 s−1 from southwest to northeast for AEC, NO2, SO2 559 
and HCHO, respectively, in which the fluxes in the surface layer (0–100 m) accounted 560 
for only 2.3%–4.2%.  561 
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However, in terms of the influence of aerosol-meteorology feedback on transport 562 
flux of aerosols, it is found that no matter in regions with abundant observational data 563 
or in regions with sparse observational data, the influence of aerosol-meteorology 564 
feedback on the transport flux of aerosols was evaluated by means of model simulation, 565 
because sensitivity tests are involved in such studies. For instance, Huang et al. (2020) 566 
reported that long-range transport and aerosol–meteorology feedback may interact 567 
rather than act as two isolated processes as traditionally thought by investigating typical 568 
regional haze events in northern and eastern China. This interaction can then amplify 569 
transboundary air pollution transport over a distance of 1,000 km and boost long-lasting 570 
secondary haze from the North China Plain to the Yangtze River delta. The results show 571 
an amplified transboundary transport of haze by aerosol–meteorology interaction in 572 
China and suggest the importance of coordinated cross-regional emission reduction 573 
with a focus on radiatively active species like black carbon. 574 
 575 
4. Line 949, Line 1090, Line 1176, Line 1213–1214, and Line 1227: ATMOSPHERIC 576 
CHEMISTRY AND PHYSICS --> Atmos. Chem. Phys. 577 
Response: Thank you for your suggestion. We are very sorry for our carelessness, and 578 
“ATMOSPHERIC CHEMISTRY AND PHYSICS” has been revised as “Atmos. Chem. 579 
Phys”. 580 
 581 
5. Line 1128: JOURNAL OF GEOPHYSICAL RESEARCH-ATMOSPHERES --> 582 
Journal of Geophysical Research: Atmospheres 583 
Response: Thank you for your suggestion. We have revised “JOURNAL OF 584 
GEOPHYSICAL RESEARCH-ATMOSPHERES” as “Journal of Geophysical 585 
Research: Atmospheres”. 586 
 587 
6. Line 1034–1035: NATURE CLIMATE CHANGE -->Nature Climate Change 588 
Response: Thank you for your suggestion. We have revised “NATURE CLIMATE 589 
CHANGE” as “Nature Climate Change”. 590 
 591 
7. Line 1220: SCIENTIFIC REPORT--> Scientific Report 592 
Response: Thank you for your advice. We have revised “SCIENTIFIC REPORT” as 593 
“Scientific Report”.  594 
 595 
8. Line 1221–1224: The corresponding article is quoted incorrectly and lacks the 596 
journal name. 597 
Response: Thank you for your suggestion. The journal name has been added and the 598 
correct citation is ‘Zheng, B., Zhang, Q., Zhang, Y., He, K. B., Wang, K., Zheng, G. J., 599 
Duan, F. K., Ma, Y. L., and Kimoto, T.: Heterogeneous chemistry: a mechanism 600 
missing in current models to explain secondary inorganic aerosol formation during the 601 
January 2013 haze episode in North China, Atmos. Chem. Phys., 15 (4), 2031-2049, 602 
https://doi.org/10.5194/acp-15-2031-2015, 2015.’. 603 
 604 
Once again, special thanks to you for your good comments.  605 

https://doi.org/10.5194/acp-15-2031-2015
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Best Regards.  606 
 607 
Yuling Hu and Shichang Kang on behalf of all co-authors. 608 
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