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A two-layer stratus cloud was developed under the weather of an upper-level trough and
return flow in North China. King-air 350 meteorological aircraft was designated to acquire
themicrophysical characteristics of this cloud.Within the lower-level warm cloud, the width
of cloud particle size distribution (PSD) grew larger from the cloud top to the base. The
particles in the warm cloud were developed mostly through collision–coalescence
process. Supercooled liquid water (SLW) was detected abundantly in the upper layer
cold cloud, which was developed under the westerly trough. In this study, the cold cloud in
the upper level was targeted for AgI seeding. After seeding, the PSD of both cloud droplets
and ice crystals were broadened as SLW was consumed and developed into ice crystals.
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INTRODUCTION

Water depletion has been an arising problem in North China and put negative effects on climate,
agriculture, and air pollution (Kendy et al., 2004; Fan et al., 2012; Chen et al., 2013; Yuan and Shen,
2013). For the past decades, the Hebei Weather Modification Office has implemented abundant cloud
seeding experiments to increase rainfall and snowfall, preferably into reliable ground water resources.
Based on field experiments, stratiform clouds were the main rainfall sources during the spring and
autumn seasons. These precipitation clouds were always connected with large-scale weather systems
and consisted of several cloud (rain) bands (Zhou, 2004). Stratiform clouds have been themost targeted
clouds in North China for artificial rainfall enhancement (Zhao and Lei, 2008; Guo et al., 2015).

Stratus clouds are normally categorized as warm and cold clouds. A detailed microphysical
mechanism for both warm and cold clouds can be found in Flossmann et al. (2019). Warm clouds
were packed with water droplets that can grow into falling precipitation particles mainly through
collision–coagulation, especially when large cloud droplets already existed (Kenneth and Harry,
1993). Hu et al. (1983) investigated the precipitation mechanism of warm clouds by a one-dimension
time-dependent numerical model. They pointed out that raindrop growth through randomly
gravitational collision required the vertical depth of cloud to be thicker than 1 km. For cold
clouds that vertically develop above the freezing level, the Wegener–Bergeron–Findeisen (WBF)
process was applied, and it explained cloud particle transformation (Wegener, 1911; Bergeron, 1935;
Findeisen, 1938). Precipitation can be generated through water vapor diffusion as well as the
collision–coalescence and riming of ice crystals (Flossmann et al., 2019). The “seeder–feeder”
mechanism was first brought up by Bergeron to explain orographic cloud seeding (Bergeron, 1960)
but also laid the theoretical foundation for stratus cloud seeding. Gu (1980) proposed a conceptual
model for precipitation particle formation within stratus clouds. The vertical structure of a stratiform
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cloud was layered into ice-phase layer, mixed layer with both ice
and liquid water, and liquid water layer. In addition to the
“seeder–feeder” structure, You et al. (2002) discovered a dry
layer between the two-layer clouds in North China. Yang et al.
(2010) simulated a stratiform precipitation in Jilin Province by a
single-dimension cloud classification model. Within the frontal
stratus cloud, the ice crystal layer acted as a “seeder” layer to
provide ice crystals for the lower mixed layer. In their findings, ice
crystals thinner than 300 µm were the most active particles, and
water droplets larger than 100 µm and partially melting ice
crystals were both fueled into the mixed layer. Large particles
were proven to be the most competent for collision and collection
of surrounding small cloud particles in the warm layer (Yang
et al., 2010).

According to the WBF process (Wegener, 1911; Bergeron,
1935; Findeisen, 1938), in the mixed layer, the temperature was
below zero, and ice crystals and water vapor coexisted. When
saturated vapor pressure was between the value of ice and water,
vapor condensed over ice crystals because the equilibrium vapor
saturation pressure was lower over the icy surface than the water
surface (Rauber et al., 2019). Therefore, water drops continuously
evaporated until completely absent. These formed ice crystals
would “compete” to capture the water drops and consume water
content. Consequently, catalysts like solid carbon dioxide and
silver iodide (AgI) were released into cold clouds that can either
increase the concentration of aerosol particles (INP) or freeze
SLW (Flossmann et al., 2019). The mass of ice increased to
compensate for available water vapor and SLW, finally enhancing
the precipitation probability. Researchers worldwide have put
efforts into the exploration of stratus clouds by high spatial and
temporal resolution airborne particle measurement system
(PMS), satellite, and radar for comprehensive observations of
stratified cloud structures. Geerts et al. (2010) adopted an
airborne Doppler radar to detect the change of wintertime
orographic clouds after AgI seeding. Intensified radar echo
near the ground was observed as strong evidence for increased
ground precipitation. Cai et al. (2013) compared the number of
concentration variations of cloud particles and ice crystals before
and after seeding along the flight trajectory. They concluded that
clouds with higher SLW content were confirmed to be more
affected by the seeding. AgI acted as ice-nucleating agents for
glaciogenic seeding, and heterogeneous ice nucleation was mainly
though immersion freezing, condensation freezing, and contact
freezing (Marcolli et al., 2016). AgI agents were released into the
SLW layer to accelerate these water droplets to participate in ice
nucleation and ice crystal growth. As ice crystals were falling, they
continually grew into large precipitation particles through the
process of riming (Dong et al., 2021), aggregation (Breed et al.,
2014), or collision–coalesce (Dong et al., 2020).

Cloud seeding projects have been carried out for mountainous
snowfall like Wyoming Weather Modification Pilot Project
(WWMPP, Breed et al., 2014) and Seeded and Natural
Orographic Wintertime Clouds: The Idaho Experiment
(SNOWIE, French et al., 2018). When evaluating and
quantifying cloud seeding, ground radar was one of the most
obvious approaches to evaluate and confirm airborne AgI seeding
(Rauber et al., 2019; Friedrich et al., 2020; Wang et al., 2021).

Recent attempts on evaluating the cloud seeding included
coherent Doppler wind lidar (Yuan et al., 2021), satellite,
weather radar, and disdrometer (Wang et al., 2021) and
Weather Research and Forecasting model (Liu et al., 2021).
Similar to orographic cloud seeding, stratus cloud seeding shall
also follow the hypothesis from Rauber et al. (2019). The timing
and the location to release artificial INP were the key to perform
an effective cloud seeding. However, synoptic weather
background shall not be neglected when performing the cloud
seeding. Even though the aircraft was mobile and would easily
locate the optimal microphysical condition inside the cloud,
airborne AgI seeding still required verification from abundant
field experiments.

In this study, we conducted a cloud seeding experiment
together with cloud detection to a two-layer stratus cloud. The
vertical structure of both warm and cold cloud was explored, and
the microphysical response of cloud seeding was analyzed.

Data and process methods are described in “Data and
Methods”, followed by synoptic weather in “Synoptic Weather
Analysis”. The sections “Analysis and Results” and “Conclusion”
show the details of the result analysis and conclusion.

DATA AND METHODS

Seeding Experiment
We carried out an airborne seeding experiment after the vertical
detection to the clouds on May 15, 2021 over Shijiazhuang, Hebei
Province (Figure 1). Airborne AgI was released into the cloud for
potential rainfall enhancement. Theoretically, a single seeding agent
contains 27 g AgI. The mean size of AgI is 0.1 µm (Flossmann et al.,
2019). The same approach can be found in previous studies (Dong
et al., 2020; Dong et al., 2021). The cloud seeding experiment lasted
from 12:02 to 14:32 UTC (20:02–22:32 in local time, UTC time as
follows) over Luancheng District of Shijiazhuang.

The terrain altitude and aircraft trajectory above the seeding
targeted region is shown in Figure 1. The research plane took off
from Zhengding Airport at 12:09 and flew southward at 2,400 m
towards the target location. In the experiment zone, the aircraft first
spiraled upwards from 900 to 6,000 m with a radius of 5 km to
acquire the vertical profile of the stratiform cloud. SLW was
detected at the height of 5,200 m, and afterwards seeding agents
were released into the clouds at this altitude. The flight flew
elliptically with a longitudinal and latitudinal trajectory of 6 and
15 km. In total, 18 AgI agents were released during the experiment,
and each 6-AgI agent was ignited at 13:23, 13:29, and 13:36. After
seeding, the plane continued circling throughout the clouds at
5,200 m for further detection of catalyzed physical response.

Instrumentation
The “King Air” 350 research aircraft, belonging to the Hebei
Weather Modification Center, was outfitted for cloud detection
and cloud seeding. Details on airborne instruments and related
parameters are listed in Table 1. The PMS was mounted on this
research aircraft as well as aircraft integrated meteorological
measurement system (AIMMS-20) with 20-Hz detection
frequency, remote temperature probe, Nevzorov hotwire probe,
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and global positioning system. The PMS consists of three particle
size detectors, including a fast cloud droplet probe (FCDP), cloud
imager probe (CIP), cloud particle imager (CPI), and high-volume
precipitation spectrometer (HVPS). FCDP can measure cloud
particles ranging from 2 to 50 µm in diameter with an
uncertainty of 20% (Lance et al., 2010; Faber et al., 2018). The
CIP detects both cloud droplets and ice crystals from 25 to 1,500 µm
(Lawson, 2011). The HVPS probe can detect even larger ice crystals
and raindrops, covering the range of 150–19,200 µm. The CPI
imager can capture images of cloud particles, water droplets, and
ice crystals. Nevzorov hotwire can provide both liquid water content
(LWC) and total water content (TWC) data with 15% inaccuracy
(King et al., 1978). All probes were checked and calibrated before
cloud detection and cloud seeding.

Data Processing Method
As recommended by previous studies (Yang et al., 2019; Zhao
et al., 2019), the last size bin of FCDP and the first three bins of

CIP are all excluded due to large uncertainties. PSD was retrieved
from original FCDP data from 2 to 50 µm. For large particles, the
size bins were chosen between 100 and 1,500 µm for the CIP
probe, where small cloud particles were excluded. The particle
diameter range within 150–19,200 µm was set for the HVPS
probe. We followed with a previous method to differ ice
crystals and cloud droplets (Dong et al., 2020; Dong et al.,
2021). A 100-µm threshold is introduced such that particles in
cold clouds larger than 100 will be defined as ice crystals;
otherwise, they are cloud droplets. The time interval for each
airborne prober data is 1 s.

The effective radius re and number concentration Nd of cloud
particles are calculated based on the cloud PSD as follows:

re �
∫r3n(r)dr
∫r2n(r)dr �

∑Ncir3i
∑Ncir2i

Nd � ∫ n(r)dr � ∑Nci

FIGURE 1 | The altitudinal terrain and flight trajectory in the experiment zone on May 15, 2021.

TABLE 1 | Detailed instruments and related parameters during the seeding experiment.

Instrument Detection parameters Detection range Manufacturer

FCDP Droplet size distribution 2–50 μm Stratton Park Engineering Company (SPEC)
AIMMS-20 Meteorology (temperature, humidity, wind) – Advanced Airborne Measurement Solutions
CIP Particle shadow image at 25-μm pixel resolution 25–1,550 μm Droplet Measurement Technologies (DMT)
HVPS Precipitation particle size distribution 150–19,200 μm SPEC
Remote Total Temperature Ambient air temperature -54–71°C GOODRICH
Nevzorov Hotwire Liquid water content and total water content 1.5–3 g/m3 SkyPhysTech, Inc
CPI Cloud particle image 2–3,000 μm SPEC
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where n(r) denotes the cloud PSD, and Nci and ri correspondingly
represent the number concentration and mean diameter of cloud
droplets at the i-th size bin. Themerged cloud particle spectrum is
therefore derived from FCDP, CIP, and HVPS prober data,
covering the whole size range of both droplets and ice crystals.

FIGURE 2 | The temporal variation of relative humidity (contour), temperature (dotted line), and wind on May 15, 2021 in Luancheng District of Shijiazhuang.

FIGURE 3 | Geopotential height (black contour line, units: pm),
temperature (shaded, unit: °C), and wind field (arrows) at 500 hPa 12:00 on
May 15, 2021.

FIGURE 4 | The 24-h backward trajectory of cloud mass in the
experiment zone simulated from the HYSPLIT model starting from 15:00 May
15, 2021 (black star). The red and the blue lines represent the trajectory of
warm and cold cloud mass at 3,572 and 5,472 m, respectively.
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SYNOPTIC WEATHER ANALYSIS

According to daytime weather analysis and observations (Figure 2),
wide-range, stable, low clouds were developed in the southern part of
Hebei Province. The low clouds were below 4 km and consecutively
brought warm cloud precipitation under the influence of east wind
and warm shear at 700 hPa. Meanwhile, no high cloud was observed
over the experiment area due to the influence of a weak ridge. Near
dawn, the aircraft observed clouds around 500 hPa under the
influence of an upper trough (Figure 3).

HYSPLIT model was employed to calculate the estimated
trajectory of cloud air mass 24 h prior to the experiment zone
onMay 15, 2021 (Figure 4). A return flowwas notable at 3,572 m,
and at 5472 m an air mass approached from the southwest.
Aircraft detection was in the beginning period of a high-level
trough and the last stage of a return flow. Under the interactive
impact of two cloud masses, the stratus cloud was layered with
low-level warm clouds and high-level cold clouds.

ANALYSIS AND RESULTS

Vertical Structure of “Two-Layer” Clouds
The vertical profiles of temperature (temperature probe), liquid water
content (Nevzorov), and cloud particle number concentration
(FCDP, CIP, and HVPS) are shown in Figure 5. The research
aircraft spiraled upwards from 900 to 6,000m, with a cycling
radius of 5 km. During the climbing, the temperature dropped
from 9°C (900m) to −9.7°C (6,000m), and 0°C was recorded at

4,262m. Entirely 3 thermal inversion layers were detected, including
1,100–1,200m, 3,100–3,500m, and near 5,400m.

To define cloud boundaries, we required the FCDP number
concentration to be greater than 10 cm−3 to be considered “in-
cloud”. From the FCDP probe, the vertical distribution of cloud
particle number concentration was notably divided into two
layers, roughly representing the two-layer cloud. The lower
layer was defined as the warm cloud, spread from 1,100 to
3,500 m. In this layer, the cloud particle number concentration
reached a maximum of 105.9 cm−3 according to the FCDP probe
(small cloud particles), while the temperature varied from 2.9 to
8.2°C. The other layer was a cold cloud located at an altitude of
5,100–5,300 m, and the largest cloud particle number
concentration was 309.3 cm−3, with temperature ranging from
−6 to −7.5°C. The highest liquid water content in the warm and
cold layer was 0.308 and 0.26 g/m3 at 1,596 and 5,250 m,
respectively. Supercooled water droplets existed in the upper-
level cold cloud. Particles larger than 100 µm are captured by the
CIP probe, and the highest number concentration is 149.86 L−1 at
2,671 m in the warm layer but only 0.2 L−1 in the cold layer. For
even larger particles, within the warm clouds, the number
concentration measured by the HVPS probe is 19.4 L−1 at
1,811 m but less than 0.2 L−1 in the cold layer. From these
observations, cloud droplets and raindrops were mostly found in
low-level warm layers, while supercooled water droplets were in
high-level cold clouds. However, in the high-level cloud, ice
crystals were scarce, and cloud seeding was logically favorable.

Near the top of warm cloud (around 3,500 m), cloud particles
were only detected by the FCDP probe, and the highest

FIGURE 5 | The vertical distribution of (A) atmosphere temperature, (B) cloud particle number concentration measured by fast cloud droplet probe and liquid water
content measured by Nevzorov, (C) cloud particles larger than 100 µm number concentration measured by cloud imager probe, and (D) cloud particle number
concentration measured by a high-volume precipitation spectrometer.
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concentration of cloud particle was 100 cm−3, while both CIP and
HVPS detected almost nothing. At the top of warm cloud, only
cloud droplets smaller than 50 µm existed according to the FCDP
probe. The LWC content was also less than 0.1 g/m3. Below 3,000m,
the cloud particle number concentration was reduced for the FCDP
probe but increased for both the CIP and HVPS probes. The CIP
and HVPS probes can both detect cloud particles larger than
100 µm, and the highest number concentration reached was at
2,700 and 1,800 m, respectively. Meanwhile, the LWC content
increased. This indicated the growth of small cloud droplets into
large droplets through collision–coalescence. Near the warm cloud
base, the small cloud droplets detected by FCDP increased, and the
large cloud droplets or raindrop number concentration detected by
CIP and HVPS appeared to follow a decreasing trend due to the
break-up and evaporation of large droplets. Afterwards the large
droplets grew into raindrops, which would fall outside the cloud.
The decrease of the number concentration of CIP and HVPS was
also possibly from the larger velocity of raindrops.

The cloud PSD in the lower warm cloud was retrieved from the
FCDP, CIP, and HVPS probes (Figure 6). The PSD combined with
temperatures and CPI images is shown in Figure 6. The cloud top
reached up to 3,456m, with a temperature of 2.8°C. The particle
spectrum was narrow, and the particle size ranged from 3 to 27 μm,
where the peak size was 10 µm. Near the cloud top, only cloud
droplets were observed. In order from the cloud top towards the base,
the diameters of the cloud droplets at the highest number
concentration with corresponding temperature are listed as
follows: 21 µm (temperature 3–5°C), 24 µm (5–6°C), 27 µm
(6–7°C), and 16 µm (1,158m at cloud base, 8.2°C). The maximum
diameters for raindrops with corresponding temperature were
1,050 µm (temperature 3–4°C), 1,350 µm (4–5°C), 2,100 µm
(5–7°C), and 2,250 µm (cloud base, 8.2°C).

In the warm cloud, the cloud particle spectrum spanned wider
from the cloud top to the base as the temperature rose higher.

While falling, these cloud droplets enlarged through
collision–coalescence. The CPI probe captured both small and
large cloud droplets near the cloud base. As shown in Figure 6,
raindrops larger than 200 µm only existed in the cloud base, while
in the top cloud the droplets were less than 100 µm. The
broadening of the large-particle spectrum indicated the growth
of large droplets into raindrops. This could explain why the
HVPS concentration gradually dropped near the cloud base.
Subject to entrainment and evaporation (Yamaguchi and
Randall, 2008), the diameter of cloud droplets was
comparatively smaller near the cloud top than the cloud base.

Microphysical Response for Cold Cloud
Seeding
At an altitude of 5,200 m, the aircraft flew several loops for cloud
seeding experiments and in situ cloud microphysical detection. The
elliptical flight trajectory was 15-km south–north long and 6-km
east–west wide. A single whole circuit took approximately 5min.
Figure 7 demonstrates the real-time track of a research aircraft during
seeding, overlaidwith cloud particle concentration detected by FCDP.
At this altitude, the horizontal wind speed and the wind direction
were 4.8 m/s and 210° as the average temperature was −6.9°C. As
shown in Figure 7, the cloud particle concentration that was less than
10 cm−3 (black dots) indicated that the aircraft was outside of the
cloud. The airborne seeding was counter-clockwise from A to B.

Figure 8 illustrates the temporal variation of cloud particle
number concentration, LWC, and TWC before and after the
cloud seeding. In total, 18 AgI seeding agents were activated at 13:
23, 13:29, and 13:36, with 6 agents at each time. Each AgI agent was
estimated for a life of 5 min. During the airborne seeding, from 13:23
to 13:27, no change was detected, and the number concentration of
cloud particles remained unchanged. This is because the seeding
agent was just released into the cloud, and the cloud droplets were not
responsive yet. The average number concentration and LWC content
were 167 cm−3 and 0.124 g/m3, and the maximum values were
274.79 cm−3 and 0.211 g/m3. The change of LWC content was

FIGURE 6 | Cloud particle size distribution and cloud particle images in
the warm layer from 1,158 to 3,456 m. The colored lines represent cloud
particle distribution under different temperatures.

FIGURE 7 | The flight trajectory at 5,200 m for the cloud seeding with
cloud particle number concentration retrieved from fast cloud droplet probe.
Black marks denote that the aircraft was outside the cloud.
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almost consistent with the FCDP concentration. The zero value of
FCDP concentration and LWCcontent indicated that the aircraft was
outside the cloud. After seeding, the number concentration of cloud

droplets dropped dramatically at times 13:31, 13:36, 13:40, and 13:45.
Meanwhile, ice crystals measured by CIP and HVPS both increased
notably from 0 L−1 before the seeding into 332.53 L−1 (13:45:01) and

FIGURE 8 | The temporal change of cloud particle number concentrationmeasured by fast cloud droplet probe, cloud imager probe, and high-volume precipitation
spectrometer as well as liquid water content and ice water content measured by Nevzrov hotwire, where the seeding periods were marked as shaded areas.

FIGURE 9 | The cloud particle spectrum and particle images before [(A), 13:09] and after seeding [(B), 13:44]. The black line denotes cloud particle measured by
fast cloud droplet probe, the red line denotes ice crystals measured by cloud imager probe, and the blue line denotes ice crystals measured by HVPS. The particle
images captured by the cloud particle imager are shown on the upper right side of the figure.
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FIGURE 10 | The temporal change of cloud particle number concentration measured by fast cloud droplet probe (A), cloud imager probe (B), high-volume
precipitation spectrometer (C), and liquid water content and ice water content (D) measured by Nevzorov hotwire and particle images (below) at 4,700 m.

Frontiers in Environmental Science | www.frontiersin.org April 2022 | Volume 10 | Article 8558138

Dong et al. Aircraft Observation and Cloud Seeding

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


56.25 L−1 (13:44:59) after seeding. The increase of both CIP and
HVPS concentration was evident when the FCDP concentration was
depleted. At the same time, the amount of liquid water was reduced,
while the ice water content was augmented with the highest value of
0.21 g/m3. This proved that the seedingwas activated inside the cloud.

Figure 9 shows the cloud PSD and particle images before (13:09)
and after (13:44) the seeding experiment within the seeded plume.
The CPI probe captured spherical drops before the seeding,
indicating the existence of SLW. After seeding, the column shape
and the aggregates of ice crystals were photographed. Asmentioned,
FCDP measured small cloud particles (droplets), while CIP and
HVPS detected ice crystals (Figure 8). The cloud particle spectrum
width from FCDP enlarged from 27 to 46 µm after seeding. The
cloud PSD exhibited a single peak distribution both before and after
seeding. The number concentration peaked at 10 and 14 µm before
and after seeding, respectively. After seeding, the cloud particle
number concentration decreased in the areas affected by the seeding
material. Remarkably, more ice crystals (>100 µm) were detected
within the stratus cloud. The spectrum of ice crystals widened as the
maximum diameter measured by the CIP probe increased from 100
to 625 µm. The same results were concluded from HVPS; the
maximum diameter was enlarged from 300 to 1,500 µm.

For detection of falling ice crystals after seeding, the plane flew at
4,700m (−4.2°C) during 14:00–14:08 following the same longitude
and latitude trajectory as at 5,200m. Consistent with the previous
vertical profile, the number concentration of cloud particlesmeasured
by the FCDPprobewas lower than 0.4 cm−3, indicating that the plane
was in a dry sub-cloud middle layer (Figure 10). However, CIP and
HVPS both recorded ice crystals larger than 100 µm, with a
maximum value of 71.04 and 13.47 L−1 correspondingly. The
LWC content was less than 0.01 g/m3, while the highest IWC
content was merely 0.075 g/m3. This was largely resulting from
the change of cloud particles. The particle images showed that
most ice crystals were aggregated ice crystals.

At around 14:11, the plane descended at 4,500m with no
detection of cloud particles and ice crystals. A dry layer was
therefore defined between the lower warm cloud and upper cold
cloud. Due to the dry layer that was too thick, the ice crystals detected
above 4,500m sublimated before reaching the lower cloud. Therefore,
the seeding experiment targeting the upper layer with abundant SLW
was not effective as the aggregated ice crystals were not able to fall into
the lower warm cloud.

CONCLUSION

A two-layer stratus cloud was developed under the weather of an
upper-level trough and return flow on May 15, 2021. The vertical
characteristics of the cloud was well investigated with airborne

observation equipment. A cloud seeding experiment targeting the
SLW within the upper-layer cold cloud was carried out. Both
before and after seeding, the microphysical characteristics of the
two-layer cloud were analyzed, and the related microphysical
response of cloud seeding was concluded as follows:

1) A two-layer cloud structure was formed under the
influence of an upper-level trough and return flow,
where warm clouds were in the low level and cold
clouds were above. Within the low-level warm clouds,
the particle spectrum expanded wider from the cloud
top to the base. The upper cold cloud was detected with
abundant SLW but with few ice crystals.

2) In the warm cloud, the cloud particles were relatively smaller
near the cloud top due to entrainment and evaporation. The
small cloud particles grew into large droplets and further into
raindrops through collision–coalescence during falling. Near
the warm cloud base, the small cloud droplets increased, and
the concentration of CIP and HVPS appeared to follow a
decreasing trend due to the break-up and evaporation.

3) Artificial nuclei (AgI agents) were released into cold clouds with
SLW, and liquid droplets were vastly consumed and formed into
large ice crystals. The CPI imager captured pristine columns and
aggregated ice crystals. The spectrum of both cloud particles and
ice crystals broadened, therefore proving the evidence for the
microphysical response of cloud seeding.
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