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Abstract: A flight detection with stratiform precipitation on September 19", 2018 is chosen for analysis. Through the level flight, circling
and repeated detection after seeding, the cloud structures of Liupan mountain is profiled. The microphysical structures of stratiform
clouds, the precipitation enhancement conditions as well as physical responses after cloud seeding are studied. The results show that the
thickness of mixed clouds are larger than 5km, interlayer is found in mixed clouds, the 0°C temperature layer is at a height range of
4800-5000 m. There are significant differences between the macro and micro physical structures at East and West side of Liupan
mountains and surface precipitation can be seen in both sides. At West side of Liupan Mountain, the clouds which contain three layers are
thicker, the upper two layers are mainly formed by ice particles, the spectrum of particle size is wide, the number concentration is
comparatively small, precipitation is mainly from bottom layer of mixed clouds, the supercooled water lead to enhanced condensation
growth. At East side of Liupan Mountain, there is no interlayer, the increase of cloud particles is milder than West side. Supercooled water

exist in the top and middle part of stratiform cloud, which is suitable for cold cloud seeding operations.
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1. Introduction

The cloud plays an essential role in weather and climate
systems. For one thing, The structures, physical features and
constitute of hydrometeor place significant influence on
evolution of weather processes. For another, different types of
clouds show different feedback effects corresponding to
atmospheric radiation processes, which can further affect
global energy budgets (Fu et al., 2007). The microphysical
structures of clouds are of importance in cloud and
precipitation research, of which the aircraft field observation
is a key method to obtain micro and macro physical
parameters of clouds (Ma et al., 2012).

In 1970s, PMS is used in detection of different cloud systems.
The raindrop size distribution in Frontal cloud system of
extratropical cyclone is obtained through systematic field
observations (Houze et al., 1979). In fact, there exists
supercooled water layer on top of most stratiform and
cumulus clouds and the seeding-feeding mechanisms are
obvious in the formation of stratiform clouds (Hobbs et al.,
1980; 1985). In 1980s, PMS is applied for stratiform cloud
observations in China. There are a variety of findings. Yang et
al. (2005) found that stratiform cloud precipitation systems
are inhomogeneous and the cloud water content peaks at the
lower part of the cloud inversion layer through the analysis of
PMS observation in Hebei in springtime. Hong et al. (2011),
Hou et al. (2011) found that “seeding-feeding” is the the main
mechanism in Cold front precipitation through flight detection
and numerical simulations. The vertical structures show
difference in different parts of clouds in which there are ice
cloud layer, ice-water mixed layer and liquid water layer from
top to bottom. The moisture content center of these three areas
are at 300hPa, 600-650hPa and 800-900hPa pressure level.

Zhang et al. (2011) found that the cloud particle’ content is
proportional to it’s diameter in fore of cold front cloud system
using PMS data of microphysical structure features retrieved
by airplane in the vicinity of Beijing. Cloud particle size
distribution is unimodal at 4800m, multi-modal at 4200m, and
bimodal at 3600m. Zhang et al. (2012) analyzed the cloud
microphysical structure features in Hebei province using the
PMS data. It is found the number of cloud drop in cloud
bottom is larger than that in top and middle of cloud and the
drop size increases by height. Specifically, the largest liquid
water content in cloud is 0.25gsm™, the mean liquid water
content in cloud bottom is 0.025gem™, the number
concentration in middle and upper layer of mixed cloud is
larger than that in bottom layer. The cloud number
concentration varies from 10 to 80 cm™. Besides, the mean
cloud drop diameter is 7.56pum which increases first and then
decreases with the ascent of altitude. The microphysical
features and weather modification conditions are
comprehensively analyzed by Sun et al. (2015) and Qin et al.
(2015, 2017) wusing PMS data. What’s more, the
microphysical features of stratiform cloud in Gansu located in
the Northwestern China is analyzed through PMS data by
Dang et al. (2009), Pang et al. (2016) and Wang et al. (2017).
In order to analyze the microphysical features of multi-layer
stratiform cloud closely in Jiangyuan Area. To achieve this
purpose, the concentrations of liquid and ice cloud particles,
the evolution of cloud drop spectrum and supercooled water
content ratio before operations are compared with those after
operations. In Ningxia, the micro and macro physical features
of stratiform cloud are studied by Xiang et al. (2008) and Fan
et al. (2000) using PMS data. It is found that there are multiple
crest values throughout the vertical distributions of stratiform
cloud water content and the largest value occurs in the middle
and bottom layer of cloud.
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For recent decades, DMT method is broadly applied in cloud
physics studies. Ma et al. (2012) looked into the flight
detection of the rear of subtropical high stratiform cloud in
August 18™, 2010. The results showed that the cold clouds
exist in upper layer while the warm clouds exist in bottom
layer; the vertical distribution of liquid water content in warm
clouds are bimodal, the Frontal zone exists in the top and
bottom of warm stratiform cloud and the peak value is around
0.8~1.0g/m3; The crest value area of solid water concentration
exist in cloud water area and the peaak values of ice
concentration and snow concentration are 250~350L°' and
12~16L"!, respectively. Huang et al. (2005) summmarized that
the cloud drop concentration and water content of stratiform
cloud in Huabei in springtime are 10~200cm™ and 0.01
0.1g*m, respectively. Besides, the fluctuation of cloud drop
concentration in spring is larger than that in autumn. Feng et al.
(2014) studied macro and microphysical features of stratiform
cold cloud in Shanxi and revealed that precipitation clouds
consist of Stratospheric cloud and Stratocumulus where the
liquid water content varies from 0 to 0.42gem™; in addition, it
is high the cloud drop spectrum show an unimodal or bimodal
pattern; the exponential type pattern usually appear at the
middle and top of Stratocumulus. Qi et al. (2019) analyzed the
structure features of Stratus-cumulus mixing clouds during a
precipitation in May 22th, 2017 at the east slop of Taihang
Mountain; it is found that the convective bubble dotted in
stratiform cloud usually exist at —10~0°C temperature layers
(which correspond to 4-6km height layers), the vertical and
horizontal scale are 2km, the maximum updraft velocity is
5mes!.The mean liquid water content in convective bubble is
as twice as that in surrounding areas, the mean small cloud
particle is ten times larger that in surrounding areas. Sun et al.
(2019) analyzed the microphysical structures and weather
modification conditions and found that the supercooled water
content can reach up to 0.2gem= at 5000m or higher altitude,
which is 2~4 times larger than that in stable stratiform cloud;
The supercooled layerwith temperature at -15~-5°C is a key
area for ice growth which is suitable for cloud seeding.
Through aircraft observation, Chang and Guo et al. (2019)
found that the concentration of cumulus droplets (In diameter,
between 2~50 um) in the summer development stage was
about 10cm3, about 1~2 orders of magnitude lower than that
of other regions of the mainland and Marine areas, and the
concentration of cloud droplets (Diameter is greater than 50
um) was about 103cm™, also lower than that of other regions.
The cloud drop spectrum is much wider than that in other
regions, indicating that cumulus clouds on the plateau are
more likely to form precipitation than those in other regions.
Zhao et al. (2018, 2019) used the observation data of 6 aircraft
sorties in Hebei in September 2015 and found that the
negative relationship between aerosol and the effective radius
of cloud droplets was stronger when the LWC remained
unchanged. In the case of pollution, the cloud droplets are
distributed in a small size range, and the aerosol-cloud
interaction is around 0.10~0.19. On the microphysical
characteristics of the warm cloud in the coastal areas of China
on April 26, 2010. we found that the aerosol concentration of
0.1~3 pum and CCN large area appeared in the planetary
boundary layer (PBL) below 1150m. However, the aerosol
concentration and CCN decreased rapidly with increasing
height. The effective radius of cloud droplets below 1150m is
small (3~6 um), and the effective radius of cloud droplets
above PBL is large (7~13 pum). In the PBL clouds, the cloud

droplet effective radius was negatively correlated with the
aerosol concentration, with a clear positive correlation at the
height above the PBL. With increasing LWC values, the
relationship between the effective radius of cloud droplets and
the aerosol number concentration changed from negative to
positive correlation. Wang and Niu et al. (2019) studied the
Hebei layered cloud in 2015 through the airborne equipment
of the aircraft, and proposed a new algorithm to calculate the
contribution of droplets of different sizes to the relative
dispersion (g), and found that the diameter of 1~5.5 pm and
5.5~10 pum had a great influence on ¢; with the increase of
aerosol concentration, & increased initially, and then
decreased. Li et al. (2019) observed the aerosol and cloud in
Shanxi Province and found that the effective diameter of
aerosol particles was mostly less than 1 p m, and the number
concentration decreased with the increase of height through
six aircraft observations in May 2013. The maximum and
mean values of the cloud droplet concentration for warm
clouds were 147~311cm™ and 51~157cm, respectively. The
maximum and mean particle diameter diameters were
13.5~28.9 um and 5.8~13.1 um, respectively. The average
LWC of warm clouds was 0.05g-m=. Aerosols and cloud
droplet number concentrations were negatively associated in
both vertical and horizontal directions. In high aerosol
environment, the smaller the cloud droplets, the higher the
number concentration; in low aerosol environment, a small
number of large cloud droplets appear. When the LWC is
unchanged, there is a negative correlation between cloud
droplet concentration and particle diameter. The cloud droplet
size also increased when the LWC increased. The bimodal
log-normal distribution function can well fit the average cloud
drop spectrum of warm clouds. Wang et al. (2021) used radar,
satellite and raindrops spectrometer to observe the first
quantitative evidence in China that the Agl catalyst sown by
aircraft produced a significant catalytic effect on supercooled
clouds with a cloud ceiling temperature of -15°C. Radar echo
occurred 18 minutes after catalysis, followed by a distinct ice
crystal catalytic trajectory. The radar echo dropped to the
surface 40 min after sowing. The maximum diameter of the
raindrops produced by the surface raindrop spectrometer is
2.75 mm, while the maximum diameter of the precipitation
process is 1 mm. An enhancement of ground-based
precipitation was observed within 100 min after catalysis.
Dong et al. (2020) studied the difference between supercooled
clouds before and after catalysis through aircraft observation.
The results show that the target cloud is supercooled liquid
clouds before catalysis. After catalysis, large ice crystal
particles appear in the cloud and the particle size spectrum
becomes wider, which can grow up the microprecipitation
particles by touching the merger process. Through an aircraft
observation in Baoding, Hebei province on August 5%, 2018,
Wei et al. (2022) found that the diameter of most cloud
particles was between 7~10 pum in the cumulus, while in the
stratus, the diameter of most cloud particles was not more than
2 um. The effective radius of cloud droplets was negatively
correlated with the aerosol concentration of the planetary
boundary layer (PBL) and the upper PBL in the cloud. In the
area of high liquid water content above 1500 m, the
concentration of cloud droplets does not change much, and the
concentration of aerosol number decreased. The high radar
reflectivity corresponds to the large FCDP cloud particle
concentration and the small aerosol particle concentration;
strong updraft in the cumulus increases the peak radius and
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number concentration of cloud droplets and widens the cloud
droplet spectrum; lower air temperature promotes the
condensation growth of particles and produces larger droplets.

The DMT observation system is broadly applied in North
China whereas less used in other parts of China. Aircraft
observation studies are more in Qinghai ang Gansu Province
than other Northwestern areas. Stratiform cloud is the typical
cloud in spring and autumn time in North China and thus a
major weather modification target (Huang et al., 1999).
Stratiform cloud has long duriation and stable structure.
Although the mechanism of stratiform cloud precipitation is
complex, to know its macro and micro physical structures is
of significance for precipitation formation mechanisms. The
micro physical structures of cloud and precipitation vary with
different areas. Liupan mountain is located in the Northeast of
Qinghai Tibet Plateau. It lies in the intersection area of the

north and south airflow as well as the edge of Monsoon region.

The research in Liupan mountain area might be benefit to
reveal the influence of complex topography on precipitation
cloud structures, which can improve the weather modification
techniques in mountaineous areas.

2. Devices, Data and Methods
2.1 Brief Introduction of Devices and Data

The probe devices used here are particle measuring systems
carried by MA-60. The cloud particle detectors include CDP
(Cloud Droplet Probe) and BCP (Back-Scatter Cloud Probe),
of which the measuring range of CDP is 2~50pm and the
minimum resolution is 1pm; those of BCP are 5~75um and
2um, respectively; those of CIP (Cloud Imaging Probe) are
25~1550um and 25um, respectively; and those of PIP
(Precipitation Imaging Probe) are 100~6200um and 100um,
respectively. However, concerning the malfuction of CDP and
the consequent large errors, an alternative BCP detector is
used here.

2.2 Methods for Data Process

Parameters such as Particle Number Concentrations (N)
between 5 to 50um are calculated through drop spectrum
retrieved by BCP. The calculating method is as follow: The
cloud drop spectrum in BCP raw data is transformed into
number concentration data (the unit is cm'pum™). The
calculating formulas are listed as follow:

60°E 80°E

100°E 140°E

N =YK, ni
= Ni/(V x Ar)
V=c/f
€ = Ssampting X Verue/f

All of them derive the following formula:
ni = Ni X fz/(Ssampling X Vtrue X AT‘)

The ni stands for number concentrations in each size group
(unit: em 'pm™), Ni stands for drop numbers in each size
group, f stands for sampling frequency, S¢ampiing Stands for
sampling area, V., stands for aircraft vacuum velocity, Ar
stands for radius intervals.

In this flight detection process, the sampling area of BCP, CIP
and PIP are 0.25mm?, 155mm? and 1612mm?, the sampling
frequency is 1Hz.

The effective diameter in specific diameter range can be
calculated as follow:

[Imax .3 (rydr
n

— Tmi
deff =2 fr:nnaxr n(r)dr

3. Weather Processes and Airplane Probe
3.1 Synoptic Situation

Under the joint influence of cold air mass and warm and
moisture airflow outside the subtropical high, rainfall appear
in most districts of Ningxia in Setptember 19", 2018.Figure 1
shows the synoptic situation on 19™. There are two ridges-one
trough, and a low pressure in North Xinjiang. The subtropical
high is located in Southeastern Ningxia. On the night of 18"
and the morning of 19', the Middle-South Ningxia is affected
by shear line in the lower level and the warm and moisture air
in the Northwest of subtropical high, during which the rain
band moves from South to North. On the afternoon of 19", the
subtropical high subsides gradually and the 500hPa trough
pass above Ningxia. Owing to the poor condition of moisture
in lower level as well as the abundance of the middle and high
level clouds, weak rainfall appear in South Ningxia. From
after midnight, Ningxia is gradually controlled by WNW
airflow at the rear of trough, where the wind direction at
700hPa layer turned Northwest, with a higher wind speed and
subsiding cloud systems, the rainfall is unlikely to form.
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Figure 1: The weather situation field (a: 08: 00 on September 19, b: 20: 00 on September 19')
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3.2 Overview of Flight Detection

To summarize the features of cloud structures, cloud seeding
conditions and cloud microphysical parameters over Liupan
Mountain Area, a flight detection is carried out by
Meteorological researchers in Ningxia, China. The flight
detection is from 06: 00 a.m. to 11: 06 a.m. on 19" the air
route is Yinchuan - Jingyuan - Longde - Jinyuan - Huanxian -
Yinchuan. The flight route is shown in Figure 2a and 2b. The
flight detection is divided into 3stages.
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Stage 3 and 4: Vertical detection at the West fixed point of
Liupan Mountain (7: 27-8: 23a.m.); Stage 5 and 6: Level
flight over the ridge of Liupan Mountain and toward the East
fixed point (8: 24-8: 32a.m.); Stage 7: Vertical detection at the
East fixed point of Liupan Mountain (7: 27-8: 23a.m.); Stage
8: Cloud seeding (8: 09: 15-09: 42a.m.); Stage 9 and 10:
Cloud seeding repeatedly (09: 43-09: 58a.m.); Stage 11:
Detection in return journey (9: 58-10: 54a.m.).

Yinchuan

——-—r——"_‘—/‘\

e

Huanxian <~ 3

38
.r:”/(s?

Longitude 105 35 Latitude

Figure 2: Catalyst track map for aircraft detection on Setptember 19, 2018 (a: The black line is the flight height, and the dark
gray line is the temperature of the flight height. b: The black line and the deep gray line are three-dimensional and
two-dimensional routes respectively)

4. Cloud Structures and the Evolution

Features.
4.1 Evolution of Satellite Cloud Parameters

From before dawn to noon on September 19, Drizzles appear
in Liupan mountain area with the influence of precipitation
clouds. Clouds propagate from Southwest to Northeast and
the propagation velocity is about 40kmeh-!. It is seen from
liquid water path retrieved by FY?2 satellite that the cloud top
height (at 5-7km) increases first and declines afterwards from
6: 00a.m. to 11: 00a.m. on September 18™. The cloud liquid

content increases with the ascent of cloud top height. During
this process, the ground precipitation is weak (about
Immeh).

4.2 Vertical Structures of Clouds

From sounding data at 08: 00 a.m. on September 19" in
Yuzhong and Pinliang, the precipitation cloud is thick. The
clouds in Yuzhong are 4 layers where the height of bottom
cloud is 2413m, the height of top cloud is 11225m and the
height of 0°C layer is 4659m; The clouds in Pinliang are 3
layers where the height of bottom cloud is 1571m, the height
of top cloud is 11301m and the height of 0°C layer is 4885m;
Both the wind in top and middle in these two stations are from
southwest and the wind speed is 16-24mes-!.
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Figure 3: Cloud vertical structure diagram of Pingliang and
Yuzhong sounding station on Setptember 19t

5. Cloud
Structures

Precipitation Microphysical

5.1 Diurnal Variations of Cloud and Precipitation Particle
Distribution Features

Figure 4 to Figure 6 stand for the number concentration of
5~50um cloud particles retrieved by BCP, cloud particles
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retrieved by CIP and precipitation particles retrieved by PIP.
It can be inferred that in the first stage (06: 26-07: 10), when
the plane takes off, it climbs toward Jingyuan, both the cloud
particle concentration and effective particle diameter
increased in the uniform speed process, which indicates that
the cloud turns thicker at southern place. There are larger

fluctuations of cloud particle concentrations effective particle
diameter in the climbing process indicating an unevenness
horizontally. In the second and fifth stage (07: 10-07: 25, 08:
24-08: 32), the concentration of cloud particle detected by
BCP is low while the effective particle diameter is
comparatively larger.
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Figure 4: BCP (5~50um) distributions with time (a: the number concentration, b: the effective particle diameter, c: the particle
spectrum distribution).
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Figure 6: PIP distributions with time (a: the number concentration, b: the effective particle diameter, c: the particle spectrum
distribution).

The spectrum of which is unimodal and the particle size less
than 20um is the majority. Larger particles detected by CIP as
well as precipitation particle concentrations detected by PIP
are small, while the effective particle diameter is
comparatively larger. The spectrum of which is bimodal, there
are another peaks at 200um (CIP) and at 500um (PIP). In this
process, the temperature layer of level flight is around -8°C,
where solid particles might be dominant. In the 3rd and 4th
stage (07: 25-08: 07, 08: 07-08: 24) as well as the 6th and 7th
stage (08: 32-09: 04, 09: 04-09: 15), In the process of vertical
detection at West and East side of Liupan Mountain, small
cloud particles detected by BCP as well as large particle
concentrations detected by CIP are low while effective
diameters are large above 5000m; small cloud particles
detected by BCP as well as large particle concentrations and
effective diameters detected by CIP are comparatively larger
below 5000m. In the 8th stage (09: 15-09: 43), the plane is in
level flight at 5940m, during which the trend of cloud particle
concentrations is oppposite to that of the effective diameter.
cloud particles detected by CIP are large in effecive diameter
but low in number concentrations, and the width of spectrum
is narrow. Likewise, the particle effective diameters detected
by PIP are large but the number concentrations are low,
during which weak precipitaion can be seen. In the 9th and
10th stage (09: 43-09: 47, 09: 47-09: 58), Cloud seeding is
carried out repeatedly, cloud particle concentration (5-50pm)
detected by BCP is lower than 20 cm™ from 9: 43.Cloud
particle concentration (5-50pum) detected by BCP is larger
than 20 cm™ with the maximum reaches 100 cm™>.Meanwhile,
when the large particle concentrations detected by CIP is less
than 20 L', it usually indicates a favorable seeding zone. the
11th stage (09: 58-10: 28) is level flight from Jinyuan to
Huanxian at a height of 5100m (the mean temperature is
-1.4°C), during which small cloud particles detected by BCP
is large; The effective particle diameters and number
concentrations of large particle concentrations detected by

CIP are large, so are the sprectrum width; the effective
particle diameters and number concentrations of large particle
concentrations detected by PIP are large, during which
precipitaion with large raindrops can be seen. In the 12th stage
(10: 28-10: 54), the plane returns.

In the whole flight process, the Cloud particle concentrations
(5-50pm) detected by BCP is 9.63 cm™, the number
concentration is 168.78 cm™, which occurred during the flight
from West side to East side of Liupan mountain at a hight of
5930m (the temperature is -5.6°C); The mean effective
diameter is 15.84um and the maximum effective diameter is
49um. The correlation of vertical small cloud particle
concentration and diameter is positive at West side while it is
negative at East side. The mean particle concentration and
maximum number concentration detected by CIP are 1.89
cm™ and 48.27scm respectively, which occured during the
flight from West side to East side of Liupan mountain at a
hight of 5930m (the temperature is -5.6°C); The mean
effective diameter is 160um and the maximum effective
diameter is 1507um. Hobbs (1991) pointed out that regions
where the concentration of cloud particles (>2um) is more
than 10 cm™ can be regarded as cloud water zone. Tao et al.
(2001) proposed that a criterion for airplane cloud seeding:
When the particle concentration detected by FSSP-100-ER
detector is no less than 20 cm?, the cloud is seedable; when
the particle concentration detected by 2DC detector is no less
than 20 L', the cloud is highly seedable. According to this
criterion, half time of this flight is seedable at a height of
3000-5000m.

5.2 Vertical Probe at East and West Side of Liupan
Mountains

In order to know the microphysical features of clouds at two
sides of Liupan Mountain, vertical detection is carried out
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from 7: 25a.m. at a height of 6600m near West side of Liupan
Mountain. The plane made 4-km-radius circle detection every
300m descend, each time lasts 2-4 minutes until a height of
4300m, and then the plane ascends to 6600m in circles and the
detection of West side is finished; The plane made
4-km-radius circle detection every 300m descend, each time
lasts 2-4 minutes until a height of 4300m, and then the plane
ascends to 6600m in circles and the detection of East side is
finished. In the following part, downward vertical detection
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and upward vertical detection are discussed seperately.

5.2.1 Vertical detection of spiral rise

The verticle distribution of cloud particles and raindrops
distribution during upward circling detection is shown in
Figure 7. It can be inferred that there are extra layers in the
cloud of West Liupan mountain and the detection height can
be devides as 3 layers.
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Figure 7: The vertical distribution of cloud and precipitation particles in the vertical detection stage on the west side of Liupan
Mountain (a: the number concentration detected by BCP, b: the effective particle diameter detected by BCP, c: the number
concentration detected by CIP, d: the effective particle diameter detected by CIP, e: the number concentration detected by PIP, f:

the effective particle diameter detected by PIP)
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In the first cloud layer, the cloud bottom is at 6250m (-5.5°C)
and the cloud top is above 6600m (-8.2°C), the cloud
thickness is larger than 350m; the variation of small cloud
particles detected by BCP and large particle number
concentrations detected by CIP with height is negligible, the
number concentrations varies in a range of 0.05~1.1cm™ and
3x103~10"'cm, and the effective diameters varies in a range
of 5~45um and 200~1400pum. The raindrop particle number
concentration dectected by PIP increases as the height
declines and varies in a range of 10-3~102cm?, the effective
diameter increases at first and then decreases as the height
declines and the diameter varies in a range of
1000~4000pm.As a whole, the hydrometeror concentration of
this cloud layer is low while the range of effective diameter is
large from several microns to thousand microns. Since the
concentration detected by BCP showed there are little super
cooled water, in that case, the particle in cloud is mostly likely
to be ice, grauple and snowflakes.

In the second cloud layer, the cloud bottom is at 5800m
(-3.5°C) and the cloud top is above 6050m (-4.8°C), the cloud
thickness is larger than 250m; the variation of small cloud
particles detected by BCP and large particle number
concentrations detected by CIP increases as the height
declines and varies in a range of 0.05~1.1 cm™ and 10-3~10"!
cm?, the effective diameter increases at first and then
decreases as the height declines and the diameter varies in a
range of 5~45um and 200~1200pm, the number
concentrations varies in a range of 0.05~1.1cm™ and
3x103~10"'cm, and the effective diameters varies in a range
of 5~45um and 200~1400pum. The raindrop particle number
concentration dectected by PIP increases first and then
decreases as the height declines and varies in a range of
10%~102cm, the effective diameter increases at first and then
decreases as the height declines and the diameter varies in a
range of 600~2800um. Since the cloud is thin, the relative
humidity inside cloud is 72% ~82% and increases first and
then decreases as the height declines, which indicate Dry air
intrusion from the boundary of cloud, leading to a lower
relative humidity at the edge of cloud. The closer to the edge,
the stronger the evaporation, resulting a smaller number
concentration and e effective diameter. There are little super
cooled water, in that case, the particle in cloud is mostly likely
to be ice, grauple and snowflakes.

In the third cloud layer, the cloud bottom is at below 4300m
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(1.5°C) and the cloud top is 5500m (-3.2°C), the cloud
thickness is larger than 1200m; the variation of small cloud
particle number concentrarion and effective diameter detected
by BCP is similar, both of which increase at first and then
decrease and again increase and decrease as the height
declines. the number concentration is 100 times higher than
the first and second cloud layers and vary in a range of
10~100cm?3, and the effective diameter is less than that in the
first and second cloud layers and vary in a range of 5~23pum.
The variation of small cloud particle number concentration
detected by BCP and that of large cloud particle number
concentration detected by CIP with height is similar, which
vary in a range of 1~80cm™; the effective diameter increases
as the height declines and varies in a range of 100~220um.
Above 5100m, the raindrop particle number concentration
and effective diameter dectected by PIP are small, which is
less than 10 cm™ and less than 500um respectively. While
the raindrop particle number concentration increases
significantly as the height declines which vary in a range of
104~2x102cm, the effective diameter varies in a range of
100~1400um.Since the concentration detected by BCP
showed is larger than 10cm, supercooled water should exist
in all cloud layers. From 300m below 0°C temperature layer to
0°C temperature layer, large cloud particles and raindrops
increase and grow up, indicating an obvious Bergeron
mechenism, Below the 0°C temperature layer (at a height of
4850m), The small cloud particle number concentration
detected by BCP decreases as the height declines, while at a
height of 4700m, the number concentration increases
significantly from 10 cm™ to 80 cm?; the effective diameter
increases at first and then decreases as the height declines and
the variation ranges are similar to those above 0°C
temperature layer. Large cloud particle number concentration
detected by CIP decreases as the height declines while the
effective diameter increases as the height declines and the
variation ranges are similar to those above 0°C temperature
layer. The raindrop particle number concentration dectected
by PIP increases first and then decreases as the height declines
and varies, the variation of effective diameter with height is
not obvious.

The spectrum of cloud particles and raindrops distribution
during circling detection along East of Liupan mountain is
shown in figure 8. It is seen that there are no interlayer inside
clouds and only one layer at detection height.
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Figure 8: The vertical distribution of cloud and precipitation particles in the vertical detection stage on the east side of Liupan
Mountain (a: the number concentration detected by BCP, b: the effective particle diameter detected by BCP, c: the number
concentration detected by CIP, d: the effective particle diameter detected by CIP, e: the number concentration detected by PIP, f:
the effective particle diameter detected by PIP)

Below the 1.6°C temperature layer (at a height of 4300m), the
cloud top is 5940m (-4.8°C), the cloud thickness is larger than
1640m; The small cloud particle number concentration
detected by BCP decreases as the height declines; the
effective diameter increases as the height declines and the
variation ranges are similar to those above 0°C temperature
layer. The number concentration is similar to that of the West
side of Liupan mountains but the variation range is larger in
0.05~100cm?; the effective diameter is similar to that of West
side except more large cloud drops exist. Large cloud particle
number concentration detected by CIP increases as the height
declines, the number concentration is less than that of the
West side of Liupan mountains in a range of 10~50 cm™; the
effective diameter ranges in 100~1300um and large cloud
drops exist. The raindrop particle number concentration and
effective diameter are highly fluctuated as the height declines,
which ranges in 10~1x102cm™ and 100~4600pum. Since the
concentration detected by BCP showed is larger than 10cm-3,
supercooled water should exist in all cloud layers, however,
the growth of cloud particles and raindrops are not obvious.

Below the 0°C temperature layer (at a height of 4850m), The
small cloud particle number concentration and effective

diameter detected by BCP increase at first and then decrease
and increase again as the height declines, the cloud particle
number concentration ranges in 10~50scm™; the effective
diameter ranges in 12~28um. Large cloud particle number
concentration and effective diameter etected by CIP decreases
as the height declines, the cloud particle number
concentration ranges in 3~70ecm; the effective diameter
ranges in 50~350um. The raindrop particle number
concentration dectected by PIP increases first, then decreases
and increases again as the height declines and varies, the
effective diameter decreases as the height declines.

5.2.2 Downward stratified spiral vertical detection

The spectrum of cloud particles and raindrops distribution
during circling detection along East and West side of Liupan
mountain is shown in figure 9. The spectrum in two layers of
cold clouds at three heights along West side is drawn with dot
line, the spectrum below two layers of cold clouds and above
0°C temperature layer at three heights along West side is
drawn with solid line, the spectrum 0°C temperature layer at
two heights along West side is drawn with dashed line. The
line types along East side are the same as West side.
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Figure 9: The particle spectrum distribution of stratiform precipitation at different heights in the east and west of Liupan
Mountain

In Figure 9, as the height of two layers of cold clouds along
West side declines, the spectrum width of small and big cloud
particle as well as raindrop become narrower, the number
concentration decreases. The distribution of small cloud
particle spectrum is linear, the distribution of small cloud
particle spectrum is linear, the distribution of big cloud
particle and raindrops spectrum is unimodal, indicating a
lower temperature is advantigeous for genesis of ice and
Snow.

When the mixed clouds below cold clouds are above 0°C
temperature layer, as the height declines, the spectrum width
of small and big cloud particle as well as raindrop become
wider, the number concentration increases. The distribution of

Volume 7 Issue 11, 2025

small cloud particle spectrum is linear, the distribution of
small cloud particle spectrum is linear, indicating the
mutiplying of cloud particles and raindrops when they fall
through cold cloud zone. When the mixed clouds are below 0°C
temperature layer, as the height declines, the spectrum width
of small cloud particle stay same, but the number
concentration decreases dramatically. As a whole, solid
precipitation particles melt after falling through 0°C
temperature layer. The number concentrations of cloud
particles in all sizes decrease to some extent, meanwhile, big
cloud particles disappear due to melting.

Along East side of Liupan mountain, as the height declines,
the spectrum width of small and big cloud particle as well as
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raindrop become wider, the number concentration increases,
which is the same as West side. When the mixed clouds are
below 0°C temperature layer, as the height declines, the
number concentration especially that of big drops increase
dramatically, which could be attributed to a strengthened
coalescence growth of droplets below 0°C temperature layer.

5.3 Analysis of Cloud Seeding Effect

The cloud seeding operation is carried out in a “Z” route at a
height of 5940m (the temperature layer is -6°C~-5.2°C) from
09: 15a.m. to 09: 42a.m..The seeding frame got frozen,
indicating the abundance of supercooled water. Four silver
iodide flare sticks are used in this process, each of them
weighs 2.5 kg and contains 125g silver iodide, the nucleation
rate is about 10'* min™! at -10°C. Round trip detection is is
carried out a height of 5940m and 5615m, the cloud
microphysical parameters are listed as Table 3.

Table 1: Changes of cloud microphysical parameters before and after seeding

NBCP (/cm3) DBCP (llIIl) Nclp (/cm3) DC") (um) Np]p (/ch) DBCP (llm)
before seeding (6000m) 29 16 0.66 329 1.3x10° 793
after seeding (6000m) 14 9 5x107 238 2x1073 256
after seeding (5600m) 43 16 143 275 4.44x107? 752
(a) IBcp —— 09:15-09:42 (b) cIp —— 09:15-09:42 (c) PP —09:15-09:42
—~ 10 —— 09:43-09:50 — 102 —— 09:43-09:50 = 10° ——09:43-09:50
) ——09:51-09:58 w ~———09:51-09:58 IE —— 09:51-09:58
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Figure 10: The variation of cloud and precipitation particle spectrum before and after seeding

In figure 10, the spectrum width of cloud particles and
raindrops get narrower significantly at the same height, while
the number concentration of cloud particles and raindrops
increase a lot at 400m below that height. Particles with a
diameter less than 1000um increase, those between
1000-3000pum decrease, and those above 3000um increase.
The results indicate the change of cloud particles and
raindrops are not obvious, however, the number concentration
of cloud particles and raindrops increase a lot at 400m below
that height and the spectrum width is broadened, which is
advantageous for cloud growth and increase of surface
precipitation.

6. Summary and Discussions

The rainfall process is under the joint influence of cold air
mass and warm and moisture airflow outside the subtropical
high,. There are two ridges-one trough, and a low pressure
during which the rain band moves from South to North at a
speed of 40kmeh"'., weak rainfall appear in Liupan mountain
area, the rain rate is about Immeh'.

During flight detection period, the mean number
concentration of 5~50um cloud particles detected by BCP is
about 9.63 cm™, mean number concentration detected by CIP
is about 1.89 cm?, and mean effective diameter is about
160um;the maximum number concentration of 5~50um cloud
particles detected by BCP is about 168.78 cm™, detected by
CIP is about 48.27 cm, which occurred during the flight
process from West side to East side of Liupan mountain at a
height of 5930m (-5.6°C temperature layer).half time of this
flight is seedable at a height of 3000-5000m.

There are two layers of clouds along West side of Liupan
mountain, the clouds at top layer are thin, the cloud particles
of which are mainly ice, grauple and snow. The clouds at
bottom layer are mixed clouds. In the colder layer of mixed
clouds, there exists supercooled water, as the height declines,
the spectrum of small and big cloud particles as well as
raindrops become wider, and the number concentrations
become larger; In the warmer layer of mixed clouds, as the
height declines, the spectrum of small cloud particles stay the
same but the number concentrations decrease a great deal.
Solid precipitation particles melt after falling through 0°C
temperature laye,, the number concentration especially that of
big drops increase dramatically due to a strengthened
coalescence growth of droplets, meanwhile, big cloud
particles disappear because of melting.

There is one layer of mixed cloud along East side of Liupan
mountain. In the colder layer of mixed cloud, as the height
declines, the spectrum of small and big cloud particles as well
as raindrops become wider, and the number concentrations
become larger, which is the same as West side; In the warmer
layer of mixed clouds, as the height declines, the number
concentration especially that of big drops increase
dramatically, which could be attributed to a strengthened
coalescence growth of droplets below 0°C temperature layer.

The correlation between number concentration and diameter
in vertical direction is positive along West side of Liupan
mountain, while that of East side is negative. he change of
cloud particles and raindrops are not obvious, however, the
number concentration of cloud particles and raindrops
increase a lot at 400m below that height and the spectrum
width is broadened.
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