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Response to the Reviewer’s Comments

January 28, 2026

The authors would like to thank the reviewer for the careful handling and valuable
guidance throughout the review process, which have played a crucial role in polishing the
paper and ensuring its academic rigor. We have fully addressed all the requirements and
feedback put forward by the editor. They are listed one by one in this letter and
corresponding revisions have been made in the manuscript, marked with blue text.

General comments:

This work uses Lidar measurements to investigate vertical and horizontal fluxes of
aerosol in a specific event discussing how this approach may be useful to gain
information on air quality. The topic is of interest and suitable for the Journal but some
aspects are not clear, including why limiting the study to a single event. I suggest to
consider the paper for publication after a revision step addressing my comments.

Answer: Thank you for the positive evaluation. The manuscript was modified to clarify
critical points pointed out accordingly.

Specific comments:

One aspect that should be discussed I show the single case illustrated in this work has
been selected and why it has not been decided to investigate several cases to make a
more robust analysis as it is usually done in studies of fluxes.

Answer: Thank you for the suggestion. The similar concern was also pointed out by the
reviewer 2. We fully agree with the reviewer. We admit it is a limitation in this study, which
has been discussed in the last version. Indeed, this study was only taken place by a short
period campaign so that only one typical case can be selected. Even so, this selected case is
with great representative. Because it represents a complete and typical pollution cycle driven
by the complex interplay of meteorological factors and boundary layer dynamics, which
constitutes the core focus of our research. This case is possible to elucidate the fundamental
mechanisms governing aerosol transport under the typical monsoon during winter over the
North China Plain (NCP). Moreover, similar studies such as Huang et al., 2024 has demonstrated
that a single case study is also possible to investigate the aerosol transport mechanisms in detail. In
addition, we are also considering to conduct a long-term observation after this report in future.

The detailed reasons for selecting this case are as follows, which are summarized from
manuscript:

This event encompasses the entire lifecycle of a pollution episode, from pollutant
accumulation to dissipation, driven by distinctive and rapidly evolving meteorological
conditions. As illustrated in Figure 1, this period is characterized by the following features: a
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strong northwesterly wind event associated with cold air advection initially transported dust
aerosols to Beijing (evidenced by a high particle depolarization ratio > 0.3, Figure 1c),
followed by rapid pollutant scavenging. A notable low-level wind shear occurred around
02:30 on November 3, when the near-surface wind direction abruptly shifted from
northwesterly (NW) to northeasterly (NE) (Figure 1f). This wind shear significantly altered
the direction of horizontal aerosol fluxes (Figures 5a, c), effectively cutting off the dust
source and leading to a sharp decline in near-surface PM₁₀ concentrations. This demonstrates
how large-scale synoptic variations modulate local air quality.

There were pronounced diurnal variations in the planetary boundary layer height (Figures
1b, e). Nocturnal boundary layer compression to < 0.5 km facilitated aerosol sedimentation
(negative vertical fluxes, Figure 5b). Conversely, daytime boundary layer development to 1.5
km enhanced vertical turbulent mixing and upward aerosol transport (positive vertical fluxes).
This enabled us to quantitatively analyze the role of boundary layer dynamics in aerosol
diffusion.

The event has also exhibited distinct regional characteristics. As shown in Figure 3,
pollution peaks sequentially occurred in cities from Zhangjiakou (northwest) to Beijing and
Tianjin (southeast), revealing a classic regional transport pathway. Backward trajectories
simulated by the HYSPLIT model (Figure 4) further confirmed that air masses originated
from dust source regions in the northwest and the North China Plain with intense
anthropogenic emissions.

Therefore, despite a case study, it reveals the synergistic impacts of regional transport and
local emissions, a common challenge faced by urban agglomerations such as Beijing-Tianjin-
Hebei. (Line 133-137 were revised for clarify in the manuscript)

One of the differences compared to in-situ eddy-covariance is the variable height. In
measurements at a fixed height there is a certain footprint that influence measurements of
vertical fluxes and it is possible to understand the role of ground level sources inside the
footprint. With the approach proposed here it is possible to estimate the spatial
representativeness of the measurements? I imagine that this would be depending on
height so that local ground source will have a smaller and smaller influence at higher
levels. This aspect should be mentioned.

Answer: We sincerely thank the reviewer for raising this profound point regarding the
spatial representativeness of lidar-based flux measurements, which is indeed a fundamental
difference compared to in-situ eddy-covariance techniques. We agree with the reviewer that
the spatial footprint of the measurement is height-dependent, meaning the influence of near-
surface local sources diminishes with increasing altitude. (Line 339-340 in the revised
manuscript)

Most importantly, the observational results provide qualitative evidence of this "height-
dependent footprint" and its impact on source attribution. This is directly visualized in the
vertical distribution of aerosol types, as shown in the ratio of dust backscatter to total
backscatter (a relevant figure is included below for the reviewer's convenience). The figure
illustrates that dust aerosols were primarily concentrated in the elevated layer (approximately
1-3 km), although they were occasionally mixed down to near the surface. In contrast, non-
dust aerosols were predominantly found in the lower atmospheric layer (below 1 km).​ This
vertical segregation, which our lidar method uniquely captures.
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Lines 97-100. Actually eddy-covariance is not included in ACTRIS measurements even if they are
sometimes done in ACTRIS stations.

Answer: Thank you for your rigorous review. Your corrections help improve the
precision of the document's wording and avoid potential misunderstandings. The manuscript
was modified accordingly (Lines 100-103 in the revised manuscript).

It is important to note that eddy-covariance measurements for aerosols are also
conducted as research activities at some ACTRIS sites. For example, such measurements can
be performed by combining ultrasonic anemometers and particle size spectrometers on
meteorological towers to obtain single-point aerosol fluxes. However, this approach can only
represent relatively small areas.

Line 145. Why the azimuth range is limited to 300°? Could this influence the calculation of
horizontal fluxes or having some blind zones?

Answer: We sincerely thank the reviewer for raising this important point regarding the
instrument setup. The reviewer is correct to note that the azimuth scanning range of the
Doppler wind lidar was set from 0° to 300°. (Lines 156-160 in the revise manuscript)

Due to physical obstructions at the instrument site, the laser transmission and reception
path of the lidar was partially blocked by nearby structures, making effective detection
impossible within the 300° to 360° sector. As detailed in the manuscript, each complete scan
comprised 60 radial profiles at 5° intervals, taking 135 seconds. Extending the scan to a full
360° (72 radials) would have increased the scan cycle to approximately 162 seconds, reducing
the temporal resolution by 20%.

Regarding the potential impact on horizontal flux calculations, we would like to clarify
that the wind retrieval algorithm is robust to this "gap". The Velocity Azimuth Display (VAD)
technique assumes horizontal wind homogeneity. Theoretically, a reliable fit for horizontal
wind speed/direction and vertical velocity requires only 3-4 radials. Our use of 60 radials
already provides significant redundancy. The absence of data from a 60° sector has a
negligible impact on the accuracy of the wind profile retrieval-the uncertainty. Consequently,
the calculated horizontal aerosol fluxes, which rely on these wind profiles, are not
significantly affected (Banakh & Smalikho, 2013).

In section 2.3. The notation used with v vertical velocity is quite unusual and confounding because
this is generally used w in all eddy-covariance studies that I have seen. In line 221 m’(z) is repeated



8

two time. In addition, it would be mentioned clearly what is the data acquisition frequency in
measurements of fluctuations. The fluctuations are measured on which volume? It is small enough to
include the vortices mainly contributing to fluxes or there is some kind of losses due to spatial or
temporal averages.

Answer: We sincerely thank the reviewer for these insightful technical comments, which
are crucial for the rigor of flux calculations.

We fully agree with your comment regarding the symbol for vertical velocity. Using w to
denote vertical wind speed is the common convention in eddy covariance studies. We have
corrected all instances of the vertical velocity symbol from v(z) to w(z) in the revised version.
The redundant input error of m'(z) in the formula (Line 240) has also been rectified.

Spatiotemporal representativeness of the fluctuation measurements is a critical issue. We
have therefore added a detailed explanation in Section 2.3, which now is in the manuscript:

The Doppler wind lidar acquires raw radial velocities at 1 Hz (one sample per second).
The Raman-Mie polarization scattering lidar (REAL) records aerosol backscatter profiles
with an intrinsic integration time of 1 min. To enable a robust eddy-covariance analysis, both
datasets are averaged to a common 1-min temporal resolution that serves as the basis for
computing the fluctuations m ′ and w ′ . In velocity–azimuth-display (VAD) mode the lidar’s
sampling volume can be viewed as a “resolution cell” along the laser beam, defined by the
vertical resolution (50 m) and the horizontal scale set by the scanning cone angle. For flux
calculations the vertical resolution is the dominant spatial dimension. The 50-m vertical
spacing is sufficient to resolve most boundary-layer eddies that contribute significantly to
turbulent transport; these eddies typically range from tens to a few hundreds of meters.

The combination of 1-min temporal and 50-m vertical resolution adopted here is a
standard configuration in boundary-layer lidar turbulence studies (e.g., Engelmann et al.,
2008). This setup reliably captures the bulk of the turbulent flux and its spatiotemporal
variability.

In summary, the revised manuscript now explicitly states the measurement parameters and
discusses the impact of temporal and spatial resolution on flux estimation. We thank the
reviewer again for helping us improve the technical rigour of our paper (Lines 215–225).

Line 403. I do not see how this work could help in studying aerosol transformation mechanisms.

Answer: Thank you for point out this unclarity. Using the term “transformation” in this
context was inappropriate. The study focuses on the physical transport of aerosols, not on
their chemical or microphysical transformation. We have now corrected the wording to avoid
any ambiguity hopefully. The sentence on line 390 has been revised to: “… this study further
reveals its impact on the transport mechanism of aerosol types.”

Line 501. Better Meteorological factors exert a significant effect on aerosol concentrations. This
because there is not any real regulation nor an effect on emissions at the sources.

Answer: We fully agree with the reviewer’s point. Aerosol concentrations control requires
the synergy of "source reduction" and "meteorological factors. For a short period,
meteorological factors are the dominant factors regulating aerosol concentration fluctuations,
as they directly affect the transport and diffusion efficiency of aerosols without changing
emission intensity. Thus meteorological forecasting and early warning can be used to guide
real regulation (e.g., enhanced emission reduction during stable boundary layer periods), in
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order to achieve effective control of aerosol concentrations.(Lines 520-525 revised in the
manuscript)
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