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an

æG ˊ ɔ0 v2)/(3(ɛl-ɛv)
2)

ὕ ḹ
ὕ ̝ ◙

(ὕ Ὑ ό ᶩ ר

( ѫ ὡ
῁ᶷ Ẏ ᶷẆ ὕ ῇᶉ



ῇ ῁ᶷ י ʣ
↓ Ḣ ʣ

ὕ ḹ
ὕ ̝ ◙

(ὕ Ὑ ό ᶩ ר

( ѫ ὡ
῁ᶷ Ẏ ᶷẆ ὕ ῇᶉ

Ṏ ♥
ʫ ẉ

῁ᶷ Ѯ ̱ ḹ
V2 ѫ

ׄʣ
ׄʣ



̈
ӓ Ẏ ᵂ
ṑᵂ Ⱳ



̸

19 0₴̈ ԍ
1960 ₴̈ ʴ ̓ ̸ᴜ ̸

1970 ₴̈ ꜘ Ồ
˲Ͻ ιқ› қ›

♥

1970 ₴
ӔẎἶ ʴⱲ

̝
ꜘ Ồ

῁ᶷ ► Ẏ Ⱳ˗
ꜝ ᶮ



Basic Concept of Lidar Measurements

Laser

Aerosols
KOSA particles in the 

air

Detector
Polarizer

Telescope

(Observation 
range ~30km)

Detector

Wave memory

1

2

3

4





V1974 Fuego

V1980 St Helens

V1982 El Chichon

V1991 Pinatubo

Those large eruption seems to

affect global environment  such as

ÅSurface temperature decrease

ÅStratospheric ozone loss
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Why  peak concentration  of 

volcanic cloud  appears after a few 

months of severe eruption date?

Why decay  trend  differ s 

forecasting based on  hypothesis of 

gravitation  of  ash particle? 

This is made on the basis of 

Long Term Mie Lidar Observation

and Nagoya Univ firstly used Dep. Ratio
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Scattering ratio

Depolarization ratio

Particle type 

(Dust, sulfuric acid droplet,é..)

This is now used as standard way
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PSC

The Lidar measurement 

strongly 

suggested that 

very cold temperature 

was important factor 

to form 

Polar Stratospheric Cloud 

(PSC)

Iwasaka et al., GJR, 1986



In winter Antarctic
stratosphere lots of 

particles PSCs appeared
J Geomag Geoel, J Met Soc 
Japan, Geophy Lett, Iwasaka 
et al. 

Descending PSCs transport 
stratospheric water, N, and 
others to the troposphere



Ozone Hole

Polar Stratospheric Cloud 

activates inert ClONO2 and 

makes lots of CLOx

destroying rapidly 

stratospheric ozone.  



Cl2 -- Cl + Cl



Long-term observation of total 

ozone shows large decay trend

in Antarctic spring

PSC particle has been recognized as important chemical 

reaction site forming ozone hole and transporter of 

atmospheric constituents 
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In winter very cold air 

appears over the polar 

region

Air mass

motion

PSCs are made from 

water

transported from the 

troposphere

H2O

CFCs

N2O

ClONO2

From view of atmospheric 

dynamics there is large  

difference of atmospheric 

dynamical feature between in 

the free atmosphere and in the 

boundary layer atmosphere  



Polar stratospheric clouds (PSC) particle is 

made from water globally transported

from troposphere

General Circulation
(global scale air motion in the stratosphere and the 

troposphere)

This suggests the importance of combination

of air motion and chemical processes including 

particulate matter

There are many air motions having spatial and temporal scales 
in the atmosphere
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Cold rain (ice crystal rain)
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collision growth of water droplets
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This picture is an important trigger to 

consider the effect of long range transport 

of Asian pollutants 

Iwasaka et al. (Tellus, 1988)
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Iwasaka et al. (Tellus, 1988)
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Depolarization 

Ratio

Scattering 

Ratio

Those measurements were made by Dr. Kwon et al.

(Kwon et al., Atmos. Environ.,1997, Matsuki et al., JGR, 2003)



Lidar measurements clearly show that Kosa clouds are 
frequently transported in the free atmosphere by 

westerly

(Sakai et al., 2000, Atm. Env.)
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Asian dust attracts large interest of investigators

2000- 2001 2004 International project of ACE - Asia was
made, and many investigators operated their particle collector

at many observational sites.



Observed seasonal change in the vertical structure of coarse
(D 1µm) aerosols over Japan . Relative seasonal change in the
total number of coarse particles is shown as 100 % being the
mean value for spring . Fractions by different particle types are
superimposed . (Matsuki et al ., JGR 2003 )
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Balloon and Air-craft borne measurements showed

Large effect of westerly wind on global diffusion of KOSA



Taklimakan desert is important source 
of Asian dust (KOSA)



Westerly becomes 

clear

above about 5km



Particle concentration measured with a 

balloon borne  OPC  at Dunhuang

27August,2002
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Coarse mode 

particles well mixed

in 

near surface ~ 6km

(Y.S.Kim et al., JGR,2004)



Vertical Profiles of Aerosols Measured by Lidar at 

Dunhuang  (Iwasaka et al., JGR, 2003)

Those data clearly

show dust particle 

diffusion up to

about 5-6km height

at arid areas of 

Asian continent  



Relative Weight Ratio of Al, S and Ca

Trosikine et al., JGR, 2004



Easterly wind near the surface

Westerly wind in the free atmosphere

High mountains ( - 4000km)are surrounding 
the Taklimakan desert, 

and mountain- valley breeze are always 
diffuse up dust into the free atmosphere

Taklimakan 

desert seems to 

be dust pool

This causes
Background KOSA



Dust particle 
modification

Desert regions

Dust 
particles

Deposition of 
pollutants on dust

SO2

SO4
2-

NO3
-

NH4
+

Long range 
transport

Condensation 
nuclei

Ice 
nuclei

HNO3

O3 NH3

NO

PAH
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Materials 
originated 
in marine

H2O

HCl

Modification 
of dust

Dust source

Chemical 
modification

of dust 
particles

Moisture 
source

Scattering

Particle sampling technology Field observations
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(e.g., Griffin et al., 2001; Prospero, 2005; Kellogg and Griffin, 2006)

(e.g., Maki and Wiloughby, 1978; IPCC, 2001; Möhler et al., 2007)

ϴ
Shenell and Vali, 1972

ϴ
ϴ

(Isono et al., 1959)

Möhler et al., 2007
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IPCC2001



Most recently various kind of 
bioaerosols were identified and mass 

of bioaerosols largely increased 
during dust event: 
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KOSA



Aircraft



Sampling cource

Air sampling at 2000m ₩ 3000m

Collection on 

0.2µm pore size 

polycarbonate 

filter at rates of 

700 L/h using 

air pump.



Air sample collected at 800m ₩ 1000m
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Long-lange transport

of KOSA
Taklamakan 

Des.
Loess 

Plateau

Dunhuang

Meteorological station

Baloon sampling (Dunhuang City, Suzu City)

Atmosphere
Aerosol sample was 

collected at heights of 

800 m using an air 

pump with 0.2 µm 

membrane filter(200 m

)

Suzu

Dunhuang 800 m

2007 August 17

13:15~14:15

Suzu  800m

2008 May 7

11:00~12:00



KOSA- Bioaerosol collected at 
Dunhuang: DAPI Treatment

5 ɛm

2007 700 m 1900 m

Strong Fluorescence Light is observed on Dsut Particle 
Surface (Mixture of Kosa and  microorganisms)

Maki et al. , 

Iwasaka et al., 2009

Fluorescence light 
spots show DNA
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Layers B and C contained Ca 
at high concentrations of 3.3 
mg/L and 1.2 mg/L, 
respectively, while Ca were 
not detected from the snow 
samples of control layer and 
Layer A.

Snow cover sampling (Mt. Tateyama, Murododaira)

Murododaira, 2450m

The snow cover at depth 

of 6m60cm from Fall to 

Spring.

Snow surface

Ground surface
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2010 April 16



Bacteria Aggregates

Yellow particles

White particles
10 um

Microscopic observation




