
Spatial Heterogeneity of Aerosol Effect on Liquid 

Cloud Microphysical Properties in the Warm 

Season Over Tibetan Plateau

赵鹏国
成都信息工程大学 大气科学学院

zpg@cuit.edu.cn



Motivation

Li et al., 2011, Nature geoscience; Chen et al., 2014, Nature geoscience



Motivation

Zhao et al., Int J Climatol., 2021

Liu et al., JGR., 2020

Zhao C. et al., NSR., 2019

Zhao et al., ACP, 2020



Data

1995-2015, warm season, 0.25°×0.25°;

Cloud properties: LREF (liquid cloud droplet effective radius), CF (cloud 

fraction ), CTP (cloud top pressure ). CM SAF cloud, albedo and surface 

radiation dataset from the AVHRR data, edition 2 (CLARA-A2)

Aerosol: Aerosol Index=AOD×AE (Ångström exponent). MERRA-2

Meteorology: CAPE. ERA-5



Aerosol Index and Cloud Properties

 In the Tibetan Plateau, the trend of AI change is consistent.

 >0.5 positive events，<-0.5 negative events.

Trends of AI (month–1) (a), the cross symbols in the figure indicate the grid boxes that have passed the 95% significance test. The time series 

of AI anomaly from 1995 to 2015 (b), processed by removing the annual cycle and linear trend and standardizing. The dashed lines indicate 

thresholds for positive and negative AI events.



Aerosol Index and Cloud Properties

LREF

CDNC

Positive Negative

Composite LREF anomalies (μm) for positive (a) and negative (b) AI events, and composite CDNC anomalies (cm-3) for positive (c) and negative (d)

AI events in the warm season from 1995 to 2015 over the TP. Dot symbols in the grid indicate that a 95% significance level has been passed

according to the Student’s t-test. The blue and red boxes represent the NTP and STP, respectively.

 The influence of aerosols

on the liquid cloud over

t h e TP i s o b v i o u s l y

different from the north to

the south.

 When AI is higher, the

LREF in the NTP is larger,

in the STP is smaller.



Aerosol Index and Cloud Properties

 Aerosols promote cloud

development over the NTP and

STP.

 Frequent convection occurs over

the TP.

CF as a function of CTP in the warm season. CFs are grouped into 6 groups according to AI over the NTP (a) and STP (b); and 

CFs are grouped into 3 classes according to the CAPE over the NTP (c) and STP (d)



Aerosol Index and Cloud Properties

 CAPE in the STP is significantly

higher than that in the NTP.

 CTH in the STP is significantly

higher than in the NTP.

The frequency distribution of CAPE and CTP over the NTP and STP in the warm season. CAPE and CTP in the warm season 

were divided into 21 bins, and the percentage of samples in each bin to the total number of samples in the warm season was 

defined as the frequency distribution.



Aerosol Index and Cloud Properties

 When AI is lower, the LREF in the STP and

NTP is lower.

 When AI is higher, the LREF is higher.

 Aerosol radiative force!

 STP, with the increase of AI, the LREF

increases first, then decreases;

 NTP, with the increase of AI, the LREF

increase;

 Show the aerosol microphysical effect,

depending on the local environment, cloud

properties and characteristics of aerosol!

The variation of LREF (μm) and CDNC (cm-3) anomalies with AI anomaly over the NTP and STP in the warm season. Red represents the STP, and

blue represents the NTP. AI anomalies are divided into 11 bins, each bin with nearly equal sample size. The solid point is the average value of LREF

(panel a and b) and CDNC (panel c and d) in each bin, and the solid line is the linear fitting line of the average values. The average values with AI

anomalies larger than 0 and less than 0 are fitted respectively.



Impacts of Thermodynamic and Dynamic Parameters on
the Correlations

 Over the TP, the CDNC increases

first and then decreases with the

increase of CAPE.

 The aerosol radiative effect reduce

the solar radiation on the ground,

suppresses convection;

 Over the TP, the CAPE is lower, the

cloud droplet is less, and the radius is

larger.

Variation of CDNC anomaly with CAPE in the warm season over the STP (a) and NTP (b). 

Variation of LREF anomaly with CAPE in the warm season over the STP (a) and NTP (b). 



Impacts of Thermodynamic and Dynamic Parameters on
the Correlations

 In the STP, the aerosol has a

relatively significant positive

correlation to the LREF at high

LWP.

 In the NTP, high and low LWP,

positive correlation.

Variation of LREF anomaly with AI anomaly under different LWP conditions over the STP (a) and NTP (b) in the warm season.



Impacts of Thermodynamic and Dynamic Parameters on
the Correlations

 In the STP, at high CAPE, the

aerosol has a relatively significant

positive correlation to the LREF.

 In the NTP, under different CAPE,

positive correlation.

Variation of LREF anomaly with AI anomaly under different CAPE conditions over the STP (a) and NTP (b) in the warm season.



Impacts of Thermodynamic and Dynamic Parameters on
the Correlations

 In the STP, there is a relatively

significant positive correlation

between aerosol and LREF at low

AE.

 In the NTP, high and low AE,

aerosols have relatively

significant positive correlation

with the LERF.

Variation of LREF anomaly with AI anomaly under different AE conditions over the STP (a) and NTP (b) in the warm season.



• The influence of aerosol on the microphysical properties of liquid cloud is different in 

space over the Tibetan Plateau. 

• In the STP and NTP, the effects of aerosol on liquid cloud are similar, which reflects the 

aerosol radiative effect. 

• The difference of aerosol microphysical effects in the STP and NTP may be due to the 

difference of thermal dynamic conditions and aerosol types.
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