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Goal and purpose

 Cloud microphysics is critical to clouds

and precipitation formation, and cloud

seeding;

 Accurate description of cloud physics is

particularly important in modeling and

forecasting in both weather and climate,

and climate change;

 Yet, many uncertainties still exist since

lacking of direct observational

validations;

 Aircraft measurement is the only direct

way to understand the natural clouds

and precipitation processes.



Aircraft measurment for cloud 

seeding process

• To obtail appropriate seeding condition, 

such as the content of supercooled water, 

concentration of ice cristal, and partcle 

size distribution etc.

• Also, we can verify the seeding 

effectiveness by measuring clouds seeded 

with that unseeded.



Airborne probes and specifications



Aircraft-based research platform in China
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Aerosol-cloud(fog) experiment



Cases and results of aircraft 

measurement

a. Multiple aircraft measurement on 

cloud microphsycis 

b. Aircraft measurement on melting  

level of clouds

c. Aircraft measurement on high

mountain clouds



Cases and results of 

aircraft measurement 

• Beijing Cloud 

Experiment 

(BCE)

• Period: 2007-

2012

• Three aircraft 

with radar 

system etc.





a. Three aircraft measurement on clouds 

Schematic of the observational region and facilities 

(the colors indicate the altitudes of terrain)



Probes parameter range resolution
FSSP-ER Cloud particle 2～47μm 3μm

PCASP-100X aerosol 0.1～3μm 0.02μm-0.5μm

OAP-2D-GA2 Cloud particles 25～1550μm 25μm

OAP-2D-GB2 Precipitation particles 100～6200μm 100μm

CCN Counter CCN 0.75～10μm

King-LWC Liquid water content 0～3g/m3 —

CAS Aerosol and cloud particles 0.6～50μm

CIP Cloud image particles 25～1550μm 25μm

PIP precipitation 100～6200μm 100μm

SPP-200 aerosol 0.1～3μm

CDP Cloud particles 2～50μm

AIMMS-20 Atmospheric state — —

Instrument package for three 

aircrafts (cloud microphysics and 

aerosol)



Cheyenne
Ⅲ-A

Y-12 Y-12 Cloud type

April 18 16:14-19:00 17:05-18:55 16:50-19:04 Sc

Aril 30 17:45-20:41 17:30-19:24 18:08-20:12 Cb、Ci

May 1 08:27-11:31 08:31-11:34 08:46-11:30 As

Aircraft type and flights in 2009
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Sounding at 17:00 BST on April 18 at observation site (Zhang Jiakou)
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a. 00C height:3864m，dry layers are obvious, RH is below10% for most flights

b. Data time:18:32-19:30

Temperature and altitude derived from three aircrafts

Aircraft one: blue (low), flying around 3800m( melting level)

Aircraft two: red (middle), flying around 4200m

Aircraft three: black (top), flying around 4700-6000m

Sounding at 16:00 BST on April 

30 at observation site (Zhang 

Jiakou)

-60 -50 -40 -30 -20 -10 0 10 20 30
0

1000

2000

3000

4000

5000

6000

7000

8000

A
lt
it
u
d
e
 (

m
)

Temperature (oC)

0 5 10 15 20 25 30 35 40 45

0

1000

2000

3000

4000

5000

6000

7000

8000

Relative Humidity (%)

00C



16

Cloud Field Campaign with 

multiple aircraft 



17

A
lt
it
u
d
e
(k

m
)

T
e
m

p
e
r
a
t
u
r
e
(
o
C

)

Time(hr)

6.5mm

09:38

09:3809:34

09:34

09:3809:34 0.00

0.04

0.08

0.12

09
:30

09
:31

09
:32

09
:33

09
:34

09
:35

09
:36

09
:37

09
:38

09
:39

09
:40

0.0

0.3

0.6

0.9

0.0

0.1

0.2

0.3

 3625

Time(hr)
L

W
C

(
g

 
m

-
3
)

 3830

 3817
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Cloud microphysical properties 
observed by aircraft 

Ice Crystal Habits and 

Growth Processes: 

 Typical habits: Plate-

like, needle column, 

capped column, 

dendrite, and irregular.

Typical growth: riming, 

aggregation.



The cloud penetration data 

recorded by aircraft 3830 

on 18 Apr 2009: 

(a)cross section of radar 

reflectivity for flight path 

and ice crystal habits 

recorded through CIP, 

where black solid line 

represents flight track, red 

dashed line represents the 

0°C layer; 

(b) CIP instantaneous 

spectrum; and

(c)PIP instantaneous 

spectrum, 

(d) temperature (black) 

and LWC (blue).



The penetration 

data recorded by 

aircraft 3817 on 18 

Apr 2009: 

(a)cross section of 

radar reflectivity 

for flight path, ice 

crystal images 

recorded through 

CIP (panel top)and 

PIP (panel bottom), 

and T (black line); 

(b)CIP 

instantaneous 

spectrum; and 

(c) PIP 

instantaneous 



The penetration data 
recorded by aircraft 
3625 on 18 Apr 2009: 
cross-section of radar 
reflectivity for flight 
path, ice crystal 
images recorded with 
2DC  and LWC.



Comparison of two cases 

Typical ice crystal images 

recorded by the three aircraft 

on April 18 and 1 May 2009 



Application of aircraft measurement in verification of 

cloud physics in model
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Validation of Cloud microphysical processes 
in cloud-resolving model 

stratiform

convection

The larger differences existed between modeled and observed 

size distributions, in particular for small-size particles. 
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The aircraft observation 

indicated that the Gamma 

distribution can be more 

applicable for some complex 

cloud system such as stratiform 

clouds with embedded 

convections.

Relatively, the M-P 

distribution fits more 

homogeneous and stable 

clouds such as stratus.  



Validation for vertical profiles of 

hydrometeors
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b.Aircraft measurement on 

melting level of clouds 

 
图 1. 5 月 22 日（a）14:30FY2E 卫星 TBB 分布（b）14:30 模拟的水凝物混合比垂直方向平均

值（c）18:30 FY2E 卫星 TBB 分布（d）14:30 模拟的水凝物混合比垂直方向平均值 



King-AIR 350ER and probes

HVPS

3V-CPI

FCDP

AIMMS-20



3670m（15:22—15:31）

a. CDP-N，b. Hotwire-LWC

c. Ref.，d. CDP-Dmean

blue line:Aircraft flight track

height:3670m，t: -0.1~-0.9℃



A-area（15:37—15:52）

height: 2000~7250m，
temprature: 8.0~-15.4℃，
0℃level:3760m



A-area（15:37—15:52）

a.CDP-N，b. hotwire-LWC

c. CDP-Dmean，d. Temp.A

a.CIP-N，b. hotwire-LWC

c. CIP-Dmean，d. Temp.



B-area（16:31—16:47）

height:2120~7260m，
temperature: 8.6~-15.1℃，
0℃ level: 3700m



B-area（16:31—16:47）

a.CDP，b. hotwire

c. CDP mean diameter，d. temperature

B

a.CIP，b. hotwire

c. CIP-mean diameter，d. temp.



height: 2020~7250m，
Temp. 4.9~-15.8℃，
0℃: 3400m

C-area（17:49—18:04）



C-area（17:49—18:04）

a.CIP ，b.hotwire

c. CIP mean D，d. Temp.C

a.CDP，b.Hotwire-LWC

c. CDP mean D，d. temp.



Summary for this case

cloud properties:  cloud-top 7km, in 

which,3km-warm clouds, 4km-cold clouds. 

Cloud-top temp. -17℃, cloud-base temp.+ 15℃

。0℃ level 3.4-3.7km.

This cloud is ideal for cloud seeding.

Seeder-feeder is main mechanism for 

precipitation formation, however, some 

differences existed in different cloud postions. 



c.Aircraftment on high mountain 
clouds

 The Tibetan Plateau is the world's highest 
and largest Plateau, approximately 1000 X 
2500 km, with an average elevation 
exceeding 4500 m. 

 It serves as a “water tower”, and plays an 
important role in hydrological cycle. Its 
impact on weather system and climate 
change is of particular scientific interest.

Impact from westerly 

wind 
Impact from southwesterly 

wind 



 From July-August, 2004-2005, 

intensive field campaigns for clouds 

and precipitation were conducted in 

order to reveal the physical process of 

meteorology and atmosphere over the 

Tibetan Plateau. 

The field campaign used state-of-the-

art observational instruments  such as 

aircraft, C-band radar and Ka-band 

cloud radar, as well as raindrop 

disdrometer, lidar, ceilometer etc. 

To understand the clouds and 
precipitation processes and improve 
the numerical model forecasting over 

the plateau.

Field campaign on summer clouds and 
precipitation over Tibet Plateau 

C-band continuous 

wave radar

MP3000A Microwave 

Radiometer

Ka-band cloud radar

KU-band radar

C-band radar

Disdrometer

King-Air350ER



Period: July 1-24,2014
Flight times：12
Data available times：6

The target clouds aircraft 
measured include weak convections 
and stratiform clouds. The flight 
height ranged from 6000-8500m 
ASL. The frequent strong turbulence 
and icing always occurred during 
the flights. 

Clouds microphysical structure derived 

from aircraft measurements

HVPS
3V-CPI 

FCDP AIMMSPCASP



The summer clouds and precipitation 

over Tibet plateau has a prominent 

characteristic of daily variation

July-August,2014



Clouds and precipitation over the Tibetan Plateau

Zhao, P., X. Xu, F. Chen, X. Guo, X. Zheng, L. Liu, Y. Hong, Y. Li, Z. La, H. Peng, L. Zhong, Y. Ma, S. Tang, Y. Liu, H. Liu, Y. Li, Q. 

Zhang, Z. Hu, J. Sun, S. Zhang, L. Dong, H. Zhang, Y. Zhao, X. Yan, A. Xiao, W. Wan, Y. Liu, J. Chen, G. Liu, Y. Zhaxi, and X. Zhou, 

2017: The Third Atmospheric Scientific Experiment for Understanding the Earth-Atmosphere Coupled System over the Tibetan 

Plateau and Its Effects. Bull. Amer. Meteor. Soc. doi:10.1175/BAMS-D-16-0050.1 

Chang Yi, Xueliang Guo, Jie Tang, Guangxian Lu, 2019: Aircraft measurement campaign on summer cloud microphysical properties 

over the Tibetan Plateau, Scientific Reports, volume 9, Article number: 4912.
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Aircraft measurements over the Tibetan Plateau
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Future focus

• to understanding physical process in many 

subjects, such as cloud seeding, weather 

forecasting and climate change and environmental 

issues.   

• to improve the parameterization of cloud 

microphysics processes in  models.

• to quantify the interactions among aerosols and 

cloud microphysical processes and precipitation  
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How to verify the seeding effectiveness 

by aircraft measurement ?





Cloud chamber



Thank you for your attention！


