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Cloud physics research, new seeding agent
development, seeding technique.




Wind Tunnel:The Hygroscopic Flare Test Facility
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Sealed Wind Tunnel

Wind speed: 5m/s - 100m/s

Pressure: 300hpa-1000hpa

Temperature: -40°C-40°C

Seeding agent aerosols can be measured off-line
or on-line for IN and CCN




M60 aircraft equipped with advanced probes have been
developed:CIP,PIP,PCASP, to detect aerosol, cloud and precipitation particles
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Air-borne more equipments than M60. The first
lidar in one of King Air, the first airborne radar for
weather modification in China
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Equipment: Rocket
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Currently, vehicle-mounted and towed or fixed ; each type of rocket
carrier can be loaded with 3 to 8 rockets at a time, ranging from 3 km
to 8 km, and the catalyst of each rocket varies from 20 g to 50 g.

Precision and intelligent rockets have matured and are mounted side
by side.
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stereo broadcast rocket structure diagram
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Weather modification rocket launcher and
rocket launch
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Equipment: Unmanned Aerial Vehicle (UAV)
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In recent years, with the development of UAYV, the #_ il

application of UAV to carry out weather modification is - o '
also a hot spot in the development of weather f&F=: TewcoEn
modification equipment. In recent years, various types T ()
of large, medium and small UAV have carried out
weather modification tests. In addition to fixed wings,

there are also rotors and even gliding wings fro UAV.
Among them, the artificial rain enhancement

experiment carried out by large UAV in Qilian KENTEm RS TEANL
Mountains and Qinghai-Tibet Plateau is representative Large-scale weather modification UAV

and has achieved good results.
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Cloud and Precipitation Explicit Forecast Syste

The CMA-CPEFS (China Meteorological Administration - Cloud and Precipitation Explicit Forecast
System) supports the fine prediction of cloud and precipitation with a horizontal resolution of 3 km, covering
the entire nation. It generates over 30 different forecast products, including macro&micro characteristics of
cloud and precipitation. Additionally, it is equipped with the capacity to predicte the effect of seeding schemes
and evaluate the operation effects. B OPETS RO STl AMBKRER(<) 20250012 118
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CMA Weather Modification Centre{WMC)

Three-dimensional cloud, precipitation and wind field retrieval from radar
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Radar echo and three-dimensional wind filed

Seeding cell echo identify, track and extrapolation
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Cloud products retrieved from FY4 Geo-stational satellite, s;)unding and
ground observation
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Analysis and application of aircraft observation data
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Effect evaluation technology

The effectiveness evaluation technology is the key to the scientific and accurate operation
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L) CMA Weather Modification Centre(WMC)

® Comprehensive use of physical, statistical and
numerical model methods to evalute artificial
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rain enhancement effect.
® The application of artificial intelligence (Al)
technology may be an important method.
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Multi-parameter effect evaluation




) PESKEATHIES S

" CMA Weather Modification Centre{WMC)

Effect evaluation technology
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® The effect evaluation of artificial rain enhancement has HRHREEURR

two stages: rain enhancement effect evaluation and
comprehensive benefit evaluation.

The comprehensive benefit evaluation: evaluate the ] I
contribution of rain enhancement to weather ) e L A e
modification service objectives, e.g., water resources q
conservation, ecological vegetation restoration and air I "M"\“/\

quality improvement. It is currently in its initial stage. 1@ wma 7=~ e e M M
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Field Bases and Experiments




Established Observatlon and Seedmg Experlment Base

Rain and Snow
enhancement and
observation experlment },t
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North China

+ 4y fl Rain enhancement
< "Wl experiment

Qilianhan
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Orographic precipitation
enhancement and
observation experlment

Cloud and fog
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2 Hail suppression experiment and seeding
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Yanshan base
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Cloud radar Wind profile radar
Microwave radiometer
IN counter
H'E.IJJNG gu;.#f S-band radar

Snow particle shape microscopic observation
@@ﬂ Around Beijing, Yanshan Mountain, for 2022 winter Olympic games.
L Cloud observation, IN measuring and snow particle shape observation.
Snowfall seeding experiment.




> Establishing a conceptual model of precipitation enhancement for orographic clouds
over the Qilian Mountains

» Using WRF and HYSPLIT models to optimize the layout of generators in the Qilian

Mountain by sensitive tests.
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mountainous area

» Quantified the cloud water resources in the ® Based on physical validation methods and
Bayanbulak mountainous area, and learned its numerical catalytic, the seeding effect of
climatic characteristics. precipitation(snow) enhancement from June

> Establish a high-precision (1kmx1km, hourly) to December 2023 was evaluated.
numerical forecast system based on operational ® The ecological benefits brought by
CPEFS V2.0 model precipitation enhancement are evaluated using

satellite remote sensing data.
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National Lushan cloud and fog experiment station (LSCES)

1958-1970
cloud droplet-s
raindrop size di
salt nucleus
acid rain

To continue the cloud observation
,to get long-term data
In 2015, rebuilt observation platform

Daily Observation:
Fog, Hail, snow,
frozen rain,

heavy storm



2019-2024: 30 equipment
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CCN Counter

fog monitor
disdrometer
microwave
radiometer
ceillometer
visibility sensor
microwave rain
radar

rain gauge

2DVD

fog water collector
all-sky imager
radiation
observation system
cloud radar

Raman lidar

TR RGN
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¥ Lushan Meteorological Bureau (LSMB)1164 m

Observation Base

Lushan Cloud and Fog

USMPS, Welas-1000, CCNC, ice nuclei

MRR-2 (Metek), flux observation station,
AWS

Yang Tian Ping station (YTP) 1306 m
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Cloud radar, Raman lidar, MRR-pro, ceilometer,
i 2DVD, microwave radiometer
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The cloud seeding experiment in 2022 and 2023: Instruments and data

Instruments Measurement Measurement range
U-SMPS (Palas) Aerosol particle size distribution, N, Size: 4-850 nm
Welas-1000 (Palas) Aerosol particle size distribution, N, Size: 0.3-17 ym

Fog monitor 120 (DMT) Cloud droplet size distribution, N, LWC, D,, Size: 2-50um

mean diameter (D)

Disdrometer (OTT)

Particle size distribution, Rainfall rate

Size: 0.125-25 mm

MRR2 (Metek)

Radar reflectivity factor, fall velocity, rain rate,
LWC, drop size distribution density

Raindrop size: ~5mm
Height: 0-3.1km

CCN counter (DMT)

Activated aerosol spectrum, N,

Size: 0.75-10 um

Automatic Weather
Station

Temperature, pressure, relative humidity, wind,
and rainfall

Wind profile radar

Horizontal and vertical wind profile

Height: 50-2500 m

Cloud radar (35GHz)

Radar reflectivity

Height: 0-20 km

MRR-pro (Metek)

Radar reflectivity factor, fall velocity, rain rate,
LWC, drop size distribution density

Height: 0-6.2 km

Microwave radiometer

Surface temperature, RH, pressure; and
Temperature, vapor density, relative humidity,
LWC profile

Height: 0-10 km

remote sensing observation



The cloud seeding experiment in 2022, 2023

seeding with ground—based generator [DSD and PSD before and after seeding  sjze distribution after seeding
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Hail suppression hypothesis

The World Meteorological Organization (1995)
identified six (!) different scenarios for hail
formation:

= 1) Growth-limiting competition among hail
embryos (beneficial competition),

= 2) Early rainout (from a zone of hail embryos),

= 3) Glaciation of cloud water,

= 4) Trajectory lowering,

= 5) Promotion of coalescence in inefficient
weak storm cells,

= 6) seeding for dynamic effects.




The first National Hail Suppression Base in China

To obtain three dimensional wind field,Liquid and
ice-phased particles distribution in hail cloud
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Xinming phased array
radar (2022.07)
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Xueshan phased array
radar (2021.04)

Shigala phased array
radar (2022.08)
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X-band Polarimetric
phased array radar

X-band Polarimetric
radar

C-FMCW radar

Millimeter wave
polarization cloud radar

Micro rain rad
Distrometer
Microwave radiometer
GPS-Radiosonde
Wind-profiler radar

Modern high-precision equipment:
X-band dual-polarization phased
array radars,
C-band frequency-modded

continuous wave radar

C-FMCW radar Microwave
radiometer




Three X-band dual-polarization radars network: A 30km
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Three phased array radars network: A 20km

Xueshan
April, 2021

Xinmingcun ——
June, 2022
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X-band dual-polarization phased array radar N i

Volume scan

parameters

of detection Volume azimuth': 0~360 O(mechan'ical scar?ning) - 1min, 48 PPIs
scan elevation: 0~72° (electric scanning)
Volume scan,Fan sweep,RHI
mode
resolution range 30m o —

Fan sweep: 5-6 s/ 30°

High temporal resolution observation data to
detect seeding effect on wind fields, ice-
phased particles, radar echoes, to analyze
seeding effect of hail suppression.




3 X-band dual-polarization phased array rM"‘—

cooperative observation scheme &

By installed three radars in an approximate equilateral triangle, a three-dimensional,
stereoscopic observation area can be achieved, providing three dimension wind flow.

According to the distance and position of cloud to network,the radar observation
modes can also be flexibly set andto improve the observation of convective clouds.

2-rader VOL of 25km,
3-radar VOL of 45 km 3-rader VOL of 25 3-radar FAN of 25 km L 1-radar RHI



Real time data collection and analysis system

» real time collection data of 35 equipment including radar data, 150G/d
» analysis and retrieval: 3—d radar echo, wind field, ice phase particle, hail stone size
» Seeding operation, seeding effect

Helps to seeding experiment operation
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Multi-source data fusion analysis o _ mﬁlﬁg
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Helps to seeding effect evaluatlon Wlnd

maxium echo, particle phase
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module. Seedlng informations automatically input to the T
— software real time, locating the first seeded pisition.




Iment since 2021 |

For four consecutive years from 2021 to 2024, observation experiments were
conducted for 242 days, with 61 hail days ;

30 tests were conducted on convective clouds;

Twice daily. When a hail case, launches radiosonde balloon, helps to assess the
current state of the atmosphere: temperature, humidity, winds.




(1) High temporal resolution observation by RHI or fan-scan mode

2022-08-05 2022-08-14 2022-08-22

2022-08-05 15:58:18 (BJT) CR 27 1+ nw2022708-14 16:31:31 (BJT) OR 2022-08-22 18:24:20 (BJT) (R

60 non-Agl Xueshan Fan 60 non-Agl Xueshan Fan 40 non-Agl Xueshan Fan
Xinming VOL

27.1° N

27° N 27° N 26.95° N

Shigela RHI
Xinming RHI

6.9° N 26.9° N - - " )
103.9° E 104° E 103.9° E 104° E 103.85° E 103.95° E 104. 05

Only effect of explosion: artillery shells with .
inming

non-Agl in the experiment. 7/ H .
Shl gela



High temporal resolution observation of the impact of explosion on
convective clouds (Fan sweep/RHI)
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All convective clouds weakened after operation:
e Area of intense echo larger than 40 dBZ or 50 dBZ reduced
e Top height of 50 dBZ descended.
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(2) Observation of three dimension structure by volume scan mode

14:08:00 BST, 9 August 2022  3.2km

. . . 27.3N 7
Time and location of the hail case:

14:08-14:09, August 9, 2022, Xiushui Town 27.2N -

azimuth angle Shell number
7.1N

14:09 220

27.0N

The hail suppression operation
1s conducted by artillery at

2.5

. .. 26.8N
Xiushui site. "o
26.7N 1.5

103.7E 103.8E 103.9E 104.0E 104.1E 104.2E 104.3E



Variation characteristics of Echo intensity and hydrometeor classification
before and after operations

Height (km)

Height (km)

Before hail suppression During hail suppression After hail suppression 14: 1?82
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Dynamic effect of explosion

Explosion generates local disturbance. The Reynolds stress field generated by
the local disturbance field pushes and distorts the basic flow, so that vortex pairs
can be generated in the original field and change the convective flow pattern.

Model results observational results

wind time step:7 wind time step:7
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