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News, reader’s 

For the past 
three months, the 
Association has 
organized three 
conferences including 
the 12th CAART 
Annual Meeting and 
Aerosol Technology 
Conference, the Second Cross-strait Aerosol 
Conference, and the 2005 Cross-strait 
Duststorms and Environmental Management 
Seminar.  With newly developed programs, 
the 12th CAART Annual Meeting and Aerosol 
Technology Conference has been successfully 
held at the Academia Sinica in Taipei on 
October 31st-November 1st.  On behalf of 
CAART, I would like to thank Dr. Liu, Dr. 
Lung, and Prof. Chang for their great 
contribution to organize the Conference.  
Among the programs, the Youth Aerosol 
Creativity Contest was creative and impressive 
comments, and 
subscription request for 
non-members should 
be sent to H. Jasmine 
Chao, editor-in-chief,  
hchao@tmu.edu.tw 
 

to all the members.  During the annual 
meeting, six past presidents were all invited to 
share their experiences and to make valuable 
suggestions to achieve the Association’s future 
goals.  In here, I would also like to thank the 
board members who attended the 4th Board 
Meeting to discuss and make important 
decisions on the issues proposed in the 
meeting.   

Promoting the academic exchange in the 
field of aerosol science and technology 
between Taiwan and mainland China is one of 
the important tasks in this year.  The Second 
Cross-Strait Aerosol Conference which has 
been planned since last winter was finally held 
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in the University of Nanking, China on 
November 5th-8th.  More than 150 
aerosol-related scientists attended the 
Conference, including nine from Taiwan 
(though three of them could not make the trip).  
I would like to express my sincere appreciation 
to Dr. R. J. Zhang (mainland China) and Prof. 
C. M. Lee (Taiwan) for their assistance in 
setting up the conference program.  During 
the meeting, Prof. C. M. Lee and I were invited 
to deliver two keynote speeches in the opening 
ceremony.  My speech focused on the 
influence of Asian duststorms on Taiwan and 
also proposed four important directions for 
future cooperation on Asian duststorm 
researches cross the Taiwan Strait.  Following 
the speeches, more than twenty scientists from 
both sides further met at the first night of the 
Conference to share their thoughts and opinions 
regarding the potential cooperation on aerosol 
education, researches, and application in the 
future.  Furthermore, a post-conference tour to 
Yellow Mt., the most beautiful and glorious 
mountain in China, was organized for all the 
attendants.   

Another meeting, the 2005 Cross-Strait 
Duststorms and Environmental Management 
Seminar, was also successfully held in 
Chung-Li, Taiwan on November 
30th-December 1st.  Thirty scientists from 
mainland China were invited to visit Taiwan 
and to attended the Seminar.  After the 
meeting, the organization committee decided 
that the 2006 Seminar will be held at Gansu 
Province, China in the next summer.  The 
Association will be responsible for organizing a 

delegation to attend the Seminar and all the 
members are welcome to join the delegation by 
submitting research papers.  Furthermore, for 
the upcoming 4th Asian Aerosol Conference 
(AAC) in Mumbai, India on December13th-16th, 
approximately twenty delegates from Taiwan 
will attend the Conference.  During the Asian 
Aerosol Research Assembly (AARA), CAART 
will propose to host the 5th AAC in Kaohsiung, 
Taiwan.  With the tremendous efforts that 
have been made for the past two years, we hope 
CAART could achieve the goal. 

Finally, on behalf of CAART, I would like 
to take this opportunity to wish all the members 
and their family a Merry Christmas and a 
Happy New Year! 
 

President 

Chung-Shin Yuan 

Winter 2005 
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Dear Members:  

 

Dear CAART Members: 

May all of you have a happy 

and prosperous year 2006!! 

Greetings!! The holiday season is coming 
and a new year is about to come. Hope all of us 
will have a healthy, joyful and prosperous year 
2006.  

First of all, we would like to express our 
deepest appreciation to the authors who shared 
their research experiences and outcomes in this 
issue’s newsletter. This time of year is always 
extremely busy for most of our members, 
because numerous final reports and proposals 
are due. Therefore, we really appreciate our 
authors making extra efforts to make our 
newsletter more interesting and informative. In 
this issue’s “Aerosol Information Update,” 
Professor Hsiao-Hsuan Mi at the Department of 
Environmental Engineering and Science, Chia 
Nan University of Pharmacy and Science 
kindly reviewed several newly-published 
aerosol-related books for us. Dr. Mi also 
designed a beautiful logo specifically for this 
column. Don’t forget to take a look while you 
are reading the Book Review. Regarding 
“Aerosol Researcher Profile,” we invited a 
young talented aerosol researcher, Dr. 
Sheng-Hsiu Huang at the Institute of 
Occupational Safety and Health, to introduce 
his research interests and direction. We are also 
much honored that Professor Wei-Hsin Chen at 
the Department of Marine Engineering, 
National Taiwan Ocean University summarized 
his paper “Evaluation of Gas Absorption 
Interaction among Atmospheric Liquid 
Aerosols” for us, which just won the Best 
Technique Paper Award at the 12th Annual 
Meeting & Conference. In the part of “Aerosol 
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Research Laboratory,” Professor Jen-Ping Chen 
at the Department of Atmospheric Sciences, 
National Taiwan University generously gave us 
a comprehensive introduction to his “Cloud and 
Aerosol Research Laboratory” and highlighted 
his outstanding research outcomes.  

In order to make our newsletter a more 
valuable reading, we would like to invite all of 
the members to share your research or new 
aerosol knowledge with us. In addition, we 
sincerely hope that you will update your or 
other members’ recent move (e.g., job changes, 
awards, promotions) with us to make the 
newsletter a good communication channel for 
the CAART members. Thank you very much 
for your support and help.   
 
Best regards,  
 
Editor-in-Chief  H. Jasmine Chao 
Editor Pei-Shih Chen 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CAART Secretariat 
 The 12th CAART Annual Meeting & the 

2005 International Conference on Aerosol 
Science and Technology were successfully 
organized and held by Dr. Shaw Chen Liu, 
the Director of the Research Center for 
Environmental Changes, Academia Sinica, 
Dr. Shih-Chun Candice Lung and other 
co-workers. The award winners were: 
Best Technique Paper Award – 
Evaluation of Gas Absorption Interaction 
among Atmospheric Liquid Aerosols, by 
Professor Wei-Hsin Chen, Department of 
Marine Engineering, National Taiwan 
Ocean University; Chiu-sen Award - 
Professor Hsi-Hsien Yang, Department of 
Environmental Engineering and 
Management, Chaoyang University of 
Technology.  

 The 2006 Annual Meeting & Conference 
will be held at Chia Nan University of 
Pharmacy and Science in Tainan County. 
All members are welcome and encouraged 
to come. 
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ation 

encouragement. If you have any suggestions or 
comments, please feel free to contact the 
newsletter editor. All of your comments are 
invaluable to us.  
Edited by Dr. Hsiao H. Mi, Associate Professor, 
Dept. of Environmental Engineering and 
Science, Chia-Nan University of Pharmacy and 
Science,Tainan.                     
Email:mihh@mail.chna.edu.tw/    
mihh@mail.ev.chna.edu.tw
Reference Source: www.amazon.com

 
 
 
 
 
 
 
 
 
Title: Inhaled Particles, Vol. 5 (Interface 

 

 

 

 

 

 
 
Book Review 

CAART Newsletter reviews state-of-the-art 
aerosol-related publications periodically. Our 
goal is to provide essential inform
regarding up-to-date publications to our 
members and readers. We deeply appreciate 
our readers’ continuous supports and 

Science and Technology) 
Author: Chiu-sen Wang 
Hardcover: 214 pages 
Publisher: Academic Press (January 28, 2005) 
Language: English 
ISBN: 0120885794 
Book Description 
    Inhaled Particles integrates all that is 
known about inhaled particles in a unified 
treatment. It aims to provide a scientific 
framework essential to a reasonable 
understanding of inhaled particles. The 
emphasis is placed on demonstrating the key 
roles of lung morphology on airflow and 
particle transport as well as identifying physical 
and biological factors that influence deposition. 
Special attention is paid to maintaining 
consistency of treatment and a balance between 
theoretical modeling and experimental 
measurements.  
   The book covers all important aspects of 
inhaled particles including inhalability, aerosol 
dispersion, particle deposition, and clearance. It 
reviews concisely the basic background of lung 
morphology, respiratory physiology, 
aerodynamics, and aerosol science pertinent to 
the subject. Essential aspects of health effects 

 New Books on Aerosol 
 
 
 

December 2005   
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Tit

ISBN: 1402028865 
Book Description 

le: Aerosol Optics: Light Absorption and 
Scattering by Particles in the Atmosphere 
Author: Alexander Kokhanovsky 
Hardcover: 400 pages 
Publisher: Springer; 1 edition (September, 

2005) 
Language: English 
ISBN: 3540237348 
Book Description 
    Springer/Praxis have a successful mini 
program of books on various aspects of light 
scattering, and now have a journal "Light 
Scattering Review" under consideration 
proposed by Alex Kokhanovsky. The 
atmospheric air contains not only gases but also 
various types of airborne particles (known as 
aerosols) ranging from dust grains to microbes. 
These small particles influence atmospheric 
visibility, the thermodynamics of the 
atmosphere, and they are also of great 
importance in any consideration of climate 
change problems. Aerosols may also be 
responsible for the loss of harvest, health 
problems among humans and ecological 

    This monograph 
provides a unique and 
comprehensive 
coverage of the nature 
and atmospheric role 
of carbonaceous 
aerosol particles, 
these big unknowns of the global atmosphere. 
Even the concept of carbonaceous aerosol has 
just recently grown out of atmospheric 
pollution studies, without ever being anchored 
to solidified nomenclature and terminology. It 
is beyond any doubt that no major 
breakthrough can be expected in resolving 
climate issues without a better understanding of 
the role carbonaceous particles play in the 
global atmosphere. 
    This monograph may serve as an 
indispensable reference for all those interested 
in virtually any aspects of global atmospheric 
sciences, especially for those who are 
stakeholders in inadvertent climate 
modification. Thus atmospheric chemists, 
physicists, meteorologists, and modellers may 
well find this monograph a thought-inspiring 
and sometimes provocative overview of all 
global phenomena affected by or related to 
carbonaceous aerosol. An anticipated advantage 
of this monograp

disasters. Therefore, it is of great importance to 
study aerosol properties on a global scale. Such 
studies ultimately should be based on global 
observations using instruments positioned on 
the space platforms. 
 
Title: Carbonaceous Aerosol 
Author: Andras Gelencser 
Hardcover: 350 pages 
Publisher: Springer; 1 edition (April 6, 2005) 
Language: English 

h is that it brings together 
these diverse atmospheric phenomena under the 
umbrella of carbonaceous aerosol in an 
interdisciplinary way, which is a prerequisite of 
resolving global scientific issues. 
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Name: Sheng-Hsiu Huang 
Current Employment Status: 

Alternative military service,  
Institute of Occupational Safety and Health,  
Council of Labor Affairs, Executive Yuan,  
Taiwan. 

Education: 
Ph.D. Industrial Hygiene, National Taiwan  
Univ aiwan ersity, T

Research Interests: 
Air filtration and filter loadings 
Development of aerosol samplers 

Contact Information: 
Tel: +886-2-26607600 ext. 298 
Fax: +886-2-26607732 
E-mail: shhuang@mail.iosh.gov.tw

 
My name is Sheng-Hsiu Huang.  I am 

appreciative to have this opportunity to 
introduce myself and my work.  I received my 
Ph.D. degree from the Institute of Occupational 
Medicine and Industrial Hygiene, National 
Taiwan University in June 2001.  Prof. 
Chih-Chieh Chen who was my advisor piloted 
me into the field of aerosol science.  I am 
currently doing my alternative military service 
in the IOSH since October 2001.  

My researches are two perspectives.  One 
is the air filtration and filter loading study, and 
the other one is the development of aerosol 
samplers. 

For the air filtration study, I focus on the 
mercial filtering 

y used in workplace 
inst hazardous airborne 

e  

eter, 
ilter 

harge 
 

t 
iltration 

s 
 

as developed 
and constructed to serve as an accurate 
size-selective sampler for respirable fraction of 

performance testing of com
facepieces which are widel
to protect workers aga
particles.  The major factors  including  fac

velocity, fiber diam
packing density, f
thickness, fiber c
density, and particle
size that might affec
the f
characteristics of filter
were investigated
theoretically and  
experimentally.  The ultimate goal is to find 
the “ideal filter” which has high collection 
efficiency, low mechanical air resistance, and 
long service life.  Recently, due to increasing 
concern about health effects associated with 
production of nanomaterials and other issues 
involving nanoparticles, I have extended the 
capability of evaluating the aerosol penetration 
through filter media from submicrometer-size 
range to nano-sized range. 

AAeerroossooll  RReesseeaarrcchheerr  PPrrooffiillee  

On the other hand, as we know that 
aerosol exposure via the inhalation route is of 
primary concern in occupational health.  
Moreover, it has been shown that the aerosol 
particle deposition in the different location of 
the human respirable tract is a strong function 
of aerosol size, so size-selective sampling 
needs to be performed to assess the extent of 
health hazard due to the exposure to the aerosol 
particles in the workplaces.  However, there 
are several drawbacks that might lead to an 
inaccurate sampling result of the conventional 
personal cyclone samplers.  Accordingly, 
under the direction of Prof. Chen, a new 
sampler named virtual cyclone w
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aerosol particles. 
 
Pu
Ch

f 
ctret Filtering Facepiece. Am. Ind. 

soc. J. 59(4): 227-233. 
 

le 
rs. Am. Ind. Hyg. Assoc. 
9. 

Ch ., and Shih, 
one as a 

 Sampler. Aerosol Sci. 

H .C. 2001. Filtration 
ctrostatic 

recipitator. Aerosol Sci. Tech. 35(4): 

Chen

68. 
Hua

as Absorption 
 Atmospheric 

ineering, 

 
pollu

blications: 
en, C.C. and Huang, S.H. 1998. The Effect 

of Particle Charge on the Performance o
an Ele
Hyg. As

Chen, C.C. and Huang, S.H. 1999. Shift of
ation in RespirabAerosol Penetr

Cyclone Sample
J. 60(6): 720-72

en, C.C., Huang, S.H., Lin, W.Y
T.S. 1999. The Virtual Cycl
Personal Respirable
Tech. 31(6): 422-432. 

uang, S.H. and Chen, C
Characteristics of a Miniature Ele
P
792-804. 

Chen, C.C., Chen, W.Y., Huang, S.H., Lin, 
W.Y., Kuo, Y.M. and Jen, F.T. 2001. 
Experimental Study on the Loading 
Characteristics of Needlefelt Filters with 
Micrometer-Sized Monodisperse Aerosols. 
Aerosol Sci. Tech. 34(3): 262-273. 

Huang, S.H. and Chen, C.C. 2002. Ultrafine 
Aerosol Penetration through Electrostatic 
Precipitators. Environ. Sci. Technol. 
36(21): 4625-4632. 
, C.C., Wu, C.H., Huang, S.H. and Kuo, 
Y.M. 2002. Aerosol Penetration through 
Silica Gel Tubes. Aerosol Sci. Tech. 36(4): 
457-4
ng, S.H. and Chen, C.C. 2003. Loading 
Characteristics of a Miniature Wire-Plate 
Electrostatic Precipitator. Aerosol Sci. 
Tech. 37(2): 109-121. 

 

Evaluation of G
Interaction among
Liquid Aerosols 
Wei-Hsin Chen 
Professor, Department of Marine Eng
National Taiwan Ocean University 

 
Abstract 

Scavenging dynamics for eight 
atmospheric gases, including three greenhouse 
gases, CH , N O, and CO , as well as five air4 2 2

tants, H2S, SO2, HCl, NH3, and HNO3 
individually absorbed by single cloud droplets 
are theoretically and numerically investigated 
in the present study. An evaluation of gas 
absorption interaction among atmospheric 
liquid aerosols is also performed. Using 
coordinate transformation and 
nondimensionalization indicates that the 
physical phenomena can be described by 
gaseous Fourier number, aqueous Fourier 
number, and mass diffusion number. The mass 
diffusion number was conducted in 2002 by the 
author to elucidate mass transfer driving force 
between the gas phase and the liquid phase. 
Figure 1 displays the distributions of gas-liquid 
characteristic time ratio and mass diffusion 
number. Considering CH4, N2O, CO2, and H2S, 
since their mass diffusion numbers are fairly 
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small, the gaseous scavenging behaviors in the 
icinity of the droplets are absent. This implies 

f droplets mutual interaction on 

the 
clear e period in 

scave
cloud droplet, and Figure 3 depicts that the 

the 

nteraction in clouds tends 
bsorption rate and elongate the 

 
provided a 

fundamental insight into the interaction 
between atmospheric aerosols and clouds or 
fogs. It also enables us to further carry out the 
researches of cloud physics and regional 
climate change in the future.

v
that the effect o
these solutes absorption processes is quite 

t. In regard to SOsligh 2, HCl, NH3, and HNO3, 
scavenging waves in the gas phase are 
ly observed in the initial uptak

that the mass diffusion numbers of these gases 
are relatively large. Figure 2 demonstrates the 

nging dynamics for HNO3 uptake by a 

gaseous solute concentration adjacent to the 
droplet surface is significantly characterized by 

curvature effect. Accordingly, it is 

anticipated that the scavenging waves will 
overlap somewhere when the mass diffusion 
number is large to a certain extent. As a result, 
the droplet-droplet i
to decrease the a
uptake period with increasing mass diffusion
numbers. The present study has 

. 
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Figure 2. Scavenging wave dynamics for HNO3
absorbed by a single cloud droplet. 
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Figure 3. Spatial and tempor
(curvature effect) of HNO3 in the gas phase. 

al concentration distributions
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Cloud and Aerosol Research 

Laboratory in NTU 
Professor Jen-Ping Chen 

Department of Atmospheric Sciences, National 

Taiwan University 

 
It’s now widely accepted that 

anthropogenic aerosols can modify the 
microphysical properties and hence the 
radiative properties as well as the lifetime of 
clouds (Twomey, 1974; Albrecht, 1989; 
Haywood and Boucher, 2000).  These 

the aerosol-cloud 
interactions, 
including the 
interaction 
between aerosols 
and cloud 
condensation 
nuclei (CCN), 
CCN and cloud 
droplet, and cloud 
droplets and cloud 

influences are better known as Twomey’s 
indirect effects of aerosols.  Although these 
effects are now gaining profuse attentions, 
there are still no convincing understandings of 

albedo.  Scientists often found that the 
problem is too complex to solve.  In fact, 
aerosols’ effects (particularly the indirect 
effects) on climate represent the largest source 
of uncertainty in the current estimates of global 
climate forcing. 

 

AAeerroossooll  RReesseeaarrcchh  LLaabboorraattoorryy  

 

 

Figure 1. Schema
interactions (dar wn).   

tics of the complicated aerosol and cloud processes (light blue), their
k blue), as well as their impacts on atmospheric radiation (bro
10
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One of the major complication stems from 
the diversified chemical compositions of 

position) of 
ate forcing.  For 

ace, while soot has the 
dditional effect of warming the atmosphere 

(Han

either act as condensation nuclei or as ice 
nuclei (Motoi, 1951; Bigg, 1990).  Mineral 
dust, on the other hand, may be the main source 
of ice nuclei (Motoi, 1951; Georgii and 
Kleinjung, 1967), which are of great 
importance in precipitation development 
particularly in the mid to high latitudes.  
Moreover, different particulate chemicals may 
coexist in a specific air parcel by external or 
internal mixing, and the numeral combination 
of which further muddling up their role on the 
direct and indirect forcing (Jacobson, 2001; 
Nenes et al., 2002).  Therefore, the studies of 
aerosols, either by measurements or modeling, 
necessarily become more and more 
sophisticated.   

The main goals of the Cloud and Aerosol 

Research Laboratory in the Department of 

c Scie

U), are to understand the 

and chemical 

f aerosol and cloud formations, 

cloud and aerosol, as 

ences on climate and 

in the regional and global 

The main tools we apply are 

at are capable of 

erosol processes.  Most 

d processes, so the feedback 

mechanisms cannot be convincingly explored.  

Our current goal is to develop, based on 

microphysics-resolved approaches, a schem  

that not only describes the chemical and 

physical processes of aerosol and cloud in 

detail but also truthfully handle their 

complicated interactions.  In this way, the 

detailed understanding can be extended to 

study the impacts in regional and global scales 

by the scale-linking parameterization methods.  

In addition, laboratory measurements and field 

observations using aerosol size spectrometers, 

lidar, etc. are also conducted to get in touch 

with the reality and aid the verification of 

model results.  In the following, a few recent 

or current research results are briefly described 

to give a taste of the works that conducted in 

aerosols.  Different types (com
aerosols act differently in clim
instance, acidic (sulfate, nitrate) aerosols tend 
to cool the surf
a

sen and Sato, 2001), which may lead to 
changes in large-scale atmospheric circulation 
(Hansen et al., 1997) and even “burning out” 
the clouds (Ackerman et al., 2000).  Acidic 
particles and sea salt particles are both good 
condensation nuclei, but the increase of the 
former tends to reduce precipitation (Twomey, 
1974; Rosenfeld, 2000), while the later tends to 
enhance precipitation by acting as rain embryo 
(Woodcock, 1971; Rosenfeld, 2002).  Soot 
particles may also influence cloud formation, 

Atmospheri

University (CARL-NT

aforementioned physical 

mechanisms o

the interactions between 

well as their influ

hydrological cycles 

scales.  

numerical models th

simulating cloud and a

of the current regional-scale models treat cloud 

and aerosol in rather simplistic ways.  

Furthermore, few of them directly couple the 

aerosol and clou

nces, National Taiwan 

e

CARL-NTU. 
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Figure 2. Modeling strategy of the CARL-NTU
models that deals with particle size distribution
them parameterizations for use in regional m
global chemistry and climate dynamic mode
progress. 

: 
 

ete
ls.

start from detailed microphysical and chemical 
and chemical composition, then develop from 
orological and chemistry models, as well as 

  The color of arrows indicates the current 
1. Aerosol Modeling 

1.1. Aerosol parameterization 

A majority of the current global or 
egional chemistry models predicts only the 
otal mass of aerosol and ignored other 
roperties such as the number concentration 
nd surface area, which are important factors 
hat control cloud and radiative processes. 

ore sophisticated study of aerosol transport, 
ransformation, as well as their effects on cloud 
ormation and rad

 

iation, can be approached in 
etai

 
led or simplified ways.  Detail models 

ivide aerosol into different sections (bins) 

according to their sizes and/or chemical 
contents (Gelbard et al., 1980; Wexler et al., 
1994; Jacobson, 1997; Meng et al., 1998).  
However, these sectional models are 
computational expensive and might not be 
suitable for regional to global scale problems.  
One of the simplified approach is to assume 
that the size distribution of aerosol particles is 
self-preserving (Clark and Whitby, 1967), such 
that special functional forms can be used to 
describe it (Binkowski and Shankar, 1995; 
Whitby et al., 1991; Whitby and McMurry, 
1997; Park et al., 1999; Wright et al., 2001). 
In this so-called “bulk parameterization” 
approach, only a few properties (i.e., moments) 

12
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of the distribution, such as total particle number 
oncentration, total surface area concentration 

and total mass concentration, are needed to 
descri  the particle size distributions and their 
hanges.  More than one mode may be applied 
 account for a wider size range or for 

ifferent chemical compositions and mixing 
tates.   

The main shortage of the modal method is 
at mathematical integrations of the growth 

quation are needed to derive their conversion 
tes, and the new distribution after conversion 
ust maintain its original functional forms.  
he most common functional forms used to 
escribe the aerosol size distribution are the 

l
g
W
that are often nonlinear, the growth equations 

evitably turn into complicated transcendental 
tegrals that do not have analytical solutions.  

owth kernels is thus 
necessary to derive general solutions, but this 

 For example, 
the stochastic coagulation due to Brownian 
motio

c

be
c
to
d
s

th
e
ra
m
T
d
ognormal distribution (Whitby, 1978) and 
amma distribution (Liu and Liu, 1994).  
hen they are combined with growth kernels 

in
in
Simplification of the gr

normally leads to large errors. 

ns is formulated as (Muller, 1928):   
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where n(v) is the number density of particle 
with volume v, KBr(v,u) is the coagulation 
kernel between two particles, which has a 
complicated functional form: 
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where is particle diffusion coefficient, ipD ,  iδ  
is mean distance of the particle and iν  is 

particle thermal velocity.  This kernel is a 
strong function of particle size, so it will not be 
realistic to replace it with a constant.  Even if 
this kernel can be approximated with simpler 
formulas, the analytical solution of (1) is still 
difficult, if not impossible, to derive.   

In this study, we applied a new approach 
to generate the bulk parameterization for 
aerosols based on the approach of Chen and 
Liu (2004).  Initial lognormal or gamma 

was done in previous bulk parameterizations, 
our growth equations are integrated not 

(2)

distributions are assumed and expressed in 
terms of the three moments of the size 
distribution: total number concentration, 
surface area and volume (mass).  Unlike what 

mathematically but numerically.  This is done 
by dividing the distribution into bins similar to 
those in the sectional methods.  However, we 
do not allow the distribution to evolve freely as 
did by Chen and Liu (2004).  In stead, we 
prescribe many sets of size distribution 
parameters (moments) and, for each parameter 
set, the overall tendency of the three moments 
are integrated section by section but at the end 
all summed up into one value.  With sufficient 
number of parameter sets that cover all possible 
range of parameter values, the relationship 
between the parameter sets and the result sets is 
analyzed with curve fitting methods.  That is, 
the tendencies of the moments are fitted as 

(1)
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simple functions of the moments.    
This parameterization scheme combines 

the advantages of the detailed and bulk 
approaches.  It makes the derivation of 
analytical solutions possible when there are 
actually no mathematical analytical solutions.  
Furthermore, one is free to select the number of 
moments (both physical and chemical 
mom

simplest forms during the fitting process.  
Besides providing the tendency equations, 
diagnostic equations for parameters, such as the

 three 
mom

ents), as well as the number of aerosol 
modes (independent populations).  Such an 
arrangement enables us to study aerosols of 
different compositions, such as sulfate particles, 
sea salt, mineral dust, and soot particles, and 
even their mixtures.  Compared with the other 
bulk parameterizations, our scheme is not only 
more accurate (no simplification of the growth 
equation) but also faster (when considering the 
same  number  of  moments and processes) 
because the solution has been reduced to  the 
 
 
 
 
 
 

 

 

 
effective radius and optical depth, can also be 
derived.   

This scheme is first applied to a regional 
mineral dust (kosa) model of Chen et al. (2004) 
and compared with the results using binned 
particle size distributions.  After three days 
simulation, we found that dust particle size 
distributions reconstructed from the

ents is very similar to those using the bin 
approach (Fig. 3).  Furthermore, the spatial 
distributions of three moments are also well 
reproduced (see Fig. 4).  Additional 
theoretical and numerical tests will be 
conducted before applying this method into a 
global chemistry-climate model. 
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er concentration near the surface (upper left) 
s simulated with a kosa model.  The blue 
d curves are size distributions reconstructed 

Figure 3. Spatial distribution of dust particle num
and particle size distribution at different locat
curves are results from bin m

b
ion

odel, whereas the re
from the three-moment scheme. 
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Figure 4. Spatial distributions of surface dust
three-moment scheme (bottom).  The left, c
number, surface area, and mass, respectively. 

 pa
ent

rticles from the bin model (top), and from our 
er, and right panels are the concentrations of
questions associated with 
chemistry-cloud-climate interactions can be 
investigated as well. 

.2. Integrating Photochemical-Aerosol- 

loud Processes into a One-Dimensional 

tmospheric Boundary Layer Model 

To study the formation mechanisms and 
ffects of aerosol in the planetary boundary 
ayer (PBL), we are developing a 
ne-dimensional (1-D) model by combining a 
odified atmosphere-plant-soil coupled model 
ith a multi-bin and multi-component aerosol 

nd cloud model.  This model applies the Fu 
nd Liou radiation module that linked with the 
ie theory to evaluate the radiative effects of 

erosols.  Besides the self-consistency 
ulation of aerosol modules, observational 

easurement of 
article size and composition will also be used 

to evaluate the radiative effects of aerosols.  
Preliminary results show that aerosols may 
have strong impacts on the evolution of PBL.  
The magnitude and sign of influences depend 
on aerosol compositions (e.g. strong absorbing 
aerosols impact on air temperature as shown in 
Figure 5), mixing states and vertical 
distributions. Although unrealistic in some 
aspects, the composite 1D model can be useful 
and helpful to the complimentary 
interpretations of results by complicated 3D 
model.  In the near future, by means of 
integrating photochemical-aerosol-cloud 
processes into the model, the scientific 

im
esults from lidar and ground m

15
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 Figure 5. Impacts of aerosols on air temperature at 2 m above the surface. The thick curve is
from a control run without aerosol effects, and the dashed curves are with aerosols of different 
single scattering albedo (SSA). 
.3. Asian Dust Deflation Model and Dust 

vent Forecast  
The goal of this study is to develop a 

odeling system that accurately simulates the 
eflation of dusts into the atmosphere and 
ubsequent transport in the East Asia region.  
his modeling system is used as part of an 
arly-warning system of for the Environmental 
rotection Administration of the Republic of 
hina for health alert to the public regarding to 
ir quality, as well as to provide lead time for 

operations of field experiment.  Therefore, the 
analysis of the dust incursion events simulated 
by the model and evaluation of model 
performance against observations and other 
similar models will put particular attention on 
the Taiwan area.  A web-based site calendar 
for daily dust forecast is built to demonstrate 
the movement of simulated dust storm.  
Example of the simulation is shown in Fig. 6.  
For detailed information please refer to Chen et 
al. (2004). 

 
 
 

 

.
Figure 6. Simulation of dust storm activities in East Asia using the TAQM/kosa model
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1.4. Local Mineral Dust Pr

Taiwan 

The study of local 
Taiwan is of in
is an important sourc
nuclei (AIN
radiation forcing. 
performed for the yea
using TAQM/kosa model. 
run under a 3 km by 3 km horizontal 
resolution over the Taiwan area.  Local 
dust source strength is built up according 
to satellite-derived land type data (Fig. 7).  
The model results are in reasonable 
a
t
onducted by the Research Center for 
nvironmental Change (RCEC), Academia 

aiwan.   

The results show that the mass 
concentration is higher in winter than in 
the other seasons due to strong winds 
associated with the northeast Winter 
Monsoon in East Asia.  Spatially, local 
dust production mainly occurs in western 
Taiwan with average dust mass 
concentration of about 40 µg/m3 (Fig. 8).  
The number concentration of dust varied from 
105 to 108 per cubic meter, which is of similar 
range of typical measured AIN concentration.  
We also tried to estimate the influence of these 
local dusts on solar radiative forcing.  For 
example, we found daily mean surface 

 

 

 

oduction in 

dust production in 
terest because mineral dust 

e of atmospheric ice 
) and has an influence on 

 Simulations were 
r of 2000/09-2001/08 

 The model is 

greement with MODIS aerosol optical 
hickness and aerosol chemistry analyses 

radiation intensity decreased about 4 W/m2 at 
the Pan-Chiao area in Northern Taiwan.  

c
E
Sinica, T

 

 

Figure 7. Land types over Taiwan that we re-derived from satellite data and used for calculating the 
strength of surface duct production.   
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Figure 8. Simulation of locally produ
 

e 
arine phytoplankton.  It is therefore 
portant to identify if air-borne dust is a 

ossible candidate for enhancing marine 
rimary production.  

The goal of this study is to evaluate the 
pact of Asian dust to the marine primary 

roduction in East Asia.  We first use 
AQM/kosa model to simulate dust deposition 
nto the oceans, and then compared simulation 
sults with the phytoplankton concentration (in    

hlorophyll-a) observed by the 
NASA/SeaWiFS (Sea-viewing Wide Field of 

a.  It is also important to know the 
response time of phytoplankton to dust input.  
After analyzing the data of 2001, we found 
phytoplankton frequently blooms soon after the 
passage of a dusty air mass (e.g., Fig. 10).  
This suggests that Asian dust transported to the 
oceans may quickly enhance the marine 
primary production.   

 

ced mineral dust in the Taiwan area.  

view Sensor) Satellite.  
Through analyzing monthly data from 

2001 to 2004, we found the correlation 
coefficient between dust deposition and 
chlorophyll is high in the sea southeast of Japan 
(Fig. 9).  The above analysis is based on 
monthly dat

 
 
1.5. Impact of Asian Dust on Marine 

Phytoplankton 

Through atmospheric long-range 
transport, Asian dust can be transported to the 
Northwest Pacific and even to the South China 
Sea.  Since iron that contained in the mineral 
dust is one of the major limiting nutrients to th
m
im
p
p

im
p
T
o
re
c
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 deposition and chlorophyll concentration.  
data of dust deposition and chlorophyll 

Figure 9. Coefficient of correlation between dus
Each point is calculated from monthly 5°x5° 
concentration.   
 

t

 
Figure 10. Chlorophyll concentrations (blue line) and dust deposition (green line) in the area 
within 35~40°N and145~150°E during February 2001. The red line indicates the threshold of 
phytoplankton bloom.  The x-axis is Julian day.  This figure shows a phytoplankton bloom 
after a major dust event. 

 

2. Cloud Modeling 

models, 
hich deal with the cloud particles with a large 

number of particle categories, can accurately 
account for a wide spectrum of the cloud 
characteristics.  We developed a 

in the modeling of detailed cloud microphysics.  
This multicomponent microphysical model 

2.1. Detailed Cloud Microphysical Model 

Detailed cloud microphysical 
state-of-the-art model that puts a new standard 

w
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(Chen and Lamb,1994b, 1999) allows 
simultaneous and independent changes of 
various physical and chemical properties of the 
cloud particles, such as the water mass and 
solute mass for liquid drops, and additional 
shape factor for ice crystals.  An example of a 
simulated wintertime orographic cloud showing 
different ice crystal types is given in Fig. 11.  
An efficient method-of-moments type scheme 
is used to conserve various physical and 
chemical properties of cloud particles for their 
redistribution within the particle framework 
due to various growth mechanisms.   

Ice-phase
heterogeneous deposition/condensation 

nucleation, heterogeneous freezing, contact 
freezing, homogeneous freezing, diffusional 
growth, accretional growth, rime-splintering, 
melting, shedding due to melting and wet 
riming, and the aggregation of snow crystals.  
Crystal habits and density that are adaptive to 
environment changes are treated according to 
the advanced scheme of Chen and Lamb 
(1994a).  This model also considers many 
aqueous and ice-phase chemical processes.  
Combining with the unique feature of the 
multi-component framework, this model can 
truly resolve the aerosol-cloud interactive 

 

 processes included are the processes.  

6

 
Figure 11. Simulated wintertime orographic clouds, 
part of the clouds.  (Adapted from Chen and Lamb 

     
showing different ice crystal types in different 

1999) 
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2.2. Bulkwater Parameterization for Warm 

Cloud Microphysics 

Due to the still limited computation 
technology, it is rather difficult to incorporate 
all the details introduced above into 
multi-dimensional, large-domain models.  On 
the other hand, bulk models group aerosol and 
cloud particles into much less number of 
categories (hence called "bulk"), and derive the 
conversion rates between bulk categories by 
assuming a prescribed size distribution in the 
theoretical equations.  In this way, the 

.  However, because of 

improper treatment of particle number 
concentration, models with bulkwater approach 
inevitably produce results with large errors.  A 
new approach of bulk parameterization scheme 
(Chen and Liu, 2004) has been demonstrated to 
produce results rather close to those of Chen 
and Lamb’s (1999) detailed model, and yet 
with much higher computation efficiency.  
This parameterization scheme provides the rate 

 of size distribution.  
It contains the same full physics as the detailed 
model with nearly the same accuracy.  Yet, its 

is as good as that of a 
traditional bulkwater scheme.  Furthermore, 

sol 
and 

realistic study of the first and second indirect 
effects of aerosols on climate.   

Our parameterization scheme is now 
incorporated into a regional model to study the 
sensitivity of cloud-radiative properties to 
aerosols and the effect of giant condensation 
nuclei on precipitation.  Preliminary results 
show that the model is capable of simulating 
the responses of cloud and rain fields to aerosol 
changes.  Both the first and second indirect 
effects of aerosols are also manifested: more 
aerosols results in more but sm

n 
at 

giant aerosols play a significant role in 
precipitation formation, particularly under dirty 
aerosol environment.  Through the accretion 
of cloud drops, they also have indirect effect on 
cloud radiation, but with opposite sign to the 
common indirect effects.   

The scheme of Chen and Liu (2004) 
considers only the warm-cloud processes.  We 
plan to extend this scheme to cover all 
mixed-phase processes by considering four 
moments for each bulk category to resolve the 
concentrations of number and mass, as well as 

te 
th 

water mass, such that interactions with 
chemistry can be readily incorporated.  

bulkwater model may calculate a limited 
number of cloud bulk properties with high 
omputation efficiency

and retains more cloud water, leading to a
increase in cloud albedo.  We also found th

c
the prescribed particle size distribution and the 

change of three or more moments of each bulk 
categories (e.g., cloud drop, raindrop, pristine 
ice, snow, rimed-ice, hail etc.) without 
prescribing a fixed form

the density and shape of ice particles.  Solu
can also be considered by association wi

computation efficiency 

the bulk parameterization schemes for aero
cloud are interactive, which allow a 

 

aller cloud drops 
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Figure 12. Simulation results form MM5 with Chen and Liu (2004) warm cloud parameterization.  
The left, center and right panels are results using clean continental, average continental, and urban 
aerosol types, respectively; from top to down are the simulated cloud drop number concentration, 

loud drops and less raindrops.  So the 
louds would be more reflective and produce les pitation.  However, these simulations did 

cloud water content, raindrop number concentration, and rainwater content.  They basically show 
that when the air is more polluted, there will be more c
c
not take the ice-phase processes into account. 

s preci
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3. Observations: 

3.1. RCEC/NTU Lidar
 ratio and 

depo System 

Knowledge of the vertical distribution of 
aerosols and their optical properties is 
important for determining the direct radiative 
forcing.  Lidar (Light Detection and Ranging) 
technique can provide the real-time 
visualization of the suspended particles in the 
atmosphere with high temporal and spatial 
resolution.  The RCEC/NTU lidar system is 
co-owned by the Research Center for 
Environmental Change, Academia Sinica, and 
the Department of Atmospheric Science, 
National Taiwan University.  This lidar system 
is installed in the measurement field of NTU 
(25.01°N, 121.54°E) and started routine 
observation since February 2004. 

Figures 13 shows a sample of the vertical 
distributions of backscattering

 
 

larization ratio obtained by RCEC/NTU 
Lidar measurement during 2004/02/14 12:00L 
~ 2004/02/18 07:00L.  A low cloud with low 
depolarization ratio (∆<0.02) could be found at 
~1.5km during 2/14 10:00L ~ 2/15 15:00L.  
Below 1.5 km, the ∆ value is as low as ~0.01, 
and R532≈5 on 2/14, indicating the suspending 
particles are mainly composites of spherical 
particles.  Between 2/15 5:00L and 2/16 
12:00L, a particle layer is found at a height 
between 300 m and 1500 m. The values of R 
slightly increase to about 10, and the values of 
∆ also increase to about 0.03. After 2/16 
12:00L, both ∆ and the maximum height of this 
layer decrease with time disappeared. This 
aerosol layer disappeared at 2/17 12:00L.

 
Figure 13. Backscatter ratio (left) and depolariz

wavelength during 2004/02/14 12:00L ~2004/0

. 
 

ation ra o (right) measured at the 532 nm 

2/18 07:00L. 

 

ti
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3.2. Observation and Experiment 

We applied TSI’s Scanning Mobility 
Particle Sizer (SMPS3934, thereafter) to 
perform field observations and laboratory 
measurements.  SMPS3934 measures the 
number concentration of particles 10 to 500 nm 
in diameter, with 64 size sections in each 
decade of size change.  

While analyzing the diurnal variations in 
particle number concentration in Taipei, intense 
particle production was found to occur during 
the commuting hours even when there was no 
significant photochemical activity (Fig. 14).  
Combustion-induced nucleation processes 
occurring in fresh automobile exhausts are 
believed to be responsible for the observed 
phenomenon.  It is hypothesized that, besides 
the more familiar fuel-sulfur conversion 
mechanism, particle nucleation may also result  
 

 
from the recondensation of chemicals 
vaporized from preexisting particles in the 
intake air during combustion (Fig. 15).   

An experimental verification of this 
“nucleation by recondensation” hypothesis was 
performed by heating the ambient air without 
the use of fuel, then cooling it down to allow 
for nucleation.  A net particle production of 
over 700,000 cm-3 was achieved during this 
heating-then-cooling procedure.  We also 
performed experiments by using ambient air 
and purified air as intake into a combustion 
engine. The former produced much more 
particles in the exhaust, but mainly in the 
ultrafine size region (Fig. 16).  These results 
indicate that the recondensation-induced 
mechanism is quite plausible and is potentially 
important in various types of combustion 
exhausts.   
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Figure 14. Diurnal variation of fine-particle number concentration (N) and PM10 mass 
concentration (M) measured in Taipei during the Fall of 1997.  (Adopted from Chen, 1999) 
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sation-induced nucleation process.  Gaseous 
ol particles during combustion heating, then 
ring cooling. 

Figure 15. Schematic diagram of the reconden
chemicals may vaporize from preexisting aero
condense (nucleate) into many ultrafine particles d
 
 
 
 

s
u

 

burn ambient air

ambient air

burn purified air

burn ambient air

ambient air

burn purified air

 

F purified 
a s the size distribution of aerosols in 
the ambient at the time of experiment. 

 

igure 16. Size distribution of aerosol particles in the engine exhaust for combustions with 
ir (red) and ambient air (purple) as intake air.  Also shown i
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4.  Other Activities 

 

d ice-phase bulkwater 

 Applying aerosol parameterization into a 
lobal chemistry and climate coupled 
ynamic model to study the global 

radiative forcing due to the direct and 
indirect aerosol effects. 

 Investigating the effect of natural and 
anthropogenic aerosols on various 
ecosystems. 
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Figure 13. The lunch hour, the poster 
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Figure 14. The lunch hour, the instrument 
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Figure 15. Dinner banquet 
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Chen, was receiving the award from 
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Figure 20. Prof. Shaw-Chen Liu chaired
the special session 「The trend of the air 
quality in Taiwan and the management
strategy」 

Figure 21. Chairman Chung-Shin Yuan 
presented at the special session 「The 
trend of the air quality in Taiwan and the 
management strategy」 

Figure 22. Prof. Julius Chang presented 
at the special session 「The trend of the 
air quality in Taiwan and the management
strategy」 

Figure 23. Ms. Jiang, a high-ranked 

trend of the air quality in Taiwan 
and the management strategy」 

official and a representative from Taiwan 
EPA, presented at the special session 
「The 

Figure 24. The discussion session of the 
special session 「The trend of the air 
quality in Taiwan and the management
strategy 
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Conference 
Schedule 

Name of Conference (Abstract Deadline) Location 

Dec 13-16, 2005 4th Asian Aerosol Conference (April 30, 2005) 
Website: http://www.iasta-aac.org/   

Mumbai, India

Ma nferenc
http://www.aerosol-so

rch 28-29, 2006 17th Annual Aerosol Co
Website: 

e of the Aerosol Society  
c.org.uk/default.asp  

UCL, London, 
England 

Apr 23-27, 2006 The Fifth World Congress on Particle Technology (Oct. 
11, 2005)  
Website: http://www.wcpt5.org/

Florida, USA 

May 13-16, 2006 The 8th International Conference on Ventilation -  
Practical Applications of Ventilation for Emission and 
Exposure Control  
Website: http://www.aiha.org/aihce06/vent2006.htm

Chicago, 
Illinois, USA 

Sept 10 -15, 2006 7th International Aerosol Conference (Feb. 1, 2006) 
Website: http://www.aaar.org/IAC2006/index.htm

St. Paul, 
Minnesota, 
USA 

Sept 9-14, ol Conference 2 2007 European Aeros 007 Salzburg, 
Austria 

 

Figure 25. The eight speakers of the 
special session on 「 The current 
development and general outlook of the 
aerosol sub-fields」 

Figure 26. The discussion session of the 
special session on 「 The current 
development and general outlook of the 
aerosol sub-fields」 
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AAQR Vol. 5, No.1 is published !! 
 

It is also available on-line at http://caart.org.tw/
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