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Basic Concept of Lidar Measurements
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V1974 Fuego
V1980 St Helens
V1982 El Chichon

V1991 Pinatubo

Those large eruption seems to
affect global environment such as
ASurface temperature decrease
AStratospheric 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

-2
10 % forecasting based on hypothesis of
: = gravitation of ash particle?
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This is made on the basis of

Long Term Mie Lidar Observation
and Nagoya Univ firstly used Dep. Ratio







Scattering ratio
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Depolarization ratio
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Particle type
(Dust, sulfuric

This Is now used as standard way
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Fig. | Temperature distribotion and the vertical
profiles of scattering ratio measured at Syowa
Station (69°00°S, 39°35°E) in 1983. Very cold
region with T < —80°C is shaded (upper). “T"
indicates the tropopause helght (lower),

A May 14, 1983,

B June 17,1983, |\ asaka et al., GJR, 1986
C; July 26, 1983,

D; September 2, 1983,

PSC

The Lidar measurement
strongly
suggested that

very cold temperature
was important factor
to form
Polar Stratospheric Cloud
(PSC)




In winter Antarctic

J

i R stratosphere lots of
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Fig. 2 Integrated backscattering coefficient of
aerosol particles in the stratosphere. This value
increased extremely in winter.

as volcanic ash Joaded into the stratosphere
changes noticeably the polarization properties
of the incident wave (Hayashida et al., 1984).

In Fib. 3, we compare the depolarization
ratio measured on June 2 (early stage of the
enhancement) with that on June 30 (fully devel-

oped stage).

3. Discussion and summary

i) Aerosol content and depolarization ratio in
winter

Now it is well established that most of strato-

spheric aerosol particles are composed of sulfuric
acid solution. Therefore their shape is spherical
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Ozone Hole

Polar Stratospheric Cloud
activates inert CIONOZ2 and
makes lots of CLOX
destroying rapidly
stratospheric ozone.



Heterogeneous Reactions
Key to catastrophic ozone destruction
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Earth Under Seige

Prediction: Ozone destruction should correlate with regions
with high concentrations of activated chlorine (Cl and CIC)




PSC particle has been recognized as important chemical
reaction site forming ozone hole and transporter of

atmaspheric constituents
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Ozone Hole Discovery
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340 l ][ I Discovered at the British
! “ | H } | 1 Antarctic Survey station at
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Figure P-2. A conceptual diagram of the evolution of column ozone between 60°N and 60°S between
1960 and 2100 (the x-axis is not to scale) adapted from Fig. 6-1 in the 2006 Assessment. The observa-
tions are discussed in Chapter 2. The thick red line is a representation of the ozone amounts cbserved to
date and projected for the future. The red-shaded region represents the model results predicted for the
future. The Montreal Protocol 1980 ozone level benchmark is shown as the horizontal line. The dashed

thick gray line represents the somewhat uncertain 1960 levels. The three recovery stages are shown by
green dashed ellipses.
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Height (km)

From view of atmospheric
Air mass dynamics there is large
motion difference of atmospheric
dynamical feature between in

g the free atmosphere and in the

10

Brewer-Dobson Circulation

boundary layer atmosphere

— ———— — — —
— — — —
— — — e—

-4 Stratopause

CIONO2 : :
Il winter very cold air

<> |afpears over the polar

H20

-~
/Some cumulonimbus

region
CFCs | penetrate tropopause
t N20 t PSCs are made from
v water
- -t transported from the

w— — 4—-——_' “
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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












100d H I 1'H



15

—



10t 50 i
r(cm)|p(r)ip %
105 |1.012 {40
) 10* |1.0012 %2
- 1073 | 1.0001 08 5
ot ¢ -
< {202 =
bl
XA LOE {10!
0 =4.84 g/m ':E
I EXI0710°  5Xi10°10°5 5x10°10°*
KiED F4% r(cm)
18.8 4% r o KK K B BURUKESEIL s (7) & RN
1= B 2 BRI KR AHE o, 0. 0°C.
L
o &z E (o}
g cm d3 p h ~
0
b







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 tr_anspo\ﬂt
lan pollutants

J

lwasaka et al. (Tellus, 1988)



Piia L

weak beam strong beam

Fig. 7. KOSA particle coated solution containing SO3~ (A, B, C and D). These particles were sampled at 4350 m
during the flight of 23 April, 14:00-16:00 LT. Electron micrograph under the weak electron beam (left) and that
under the strong beam (right). Faint CaSO, dots produced from Ca and SO~ in solution on the particle surface are
observed around particle A. After the radiation of the strong electron beam, unknown volatile material evaporated
from the particle surface, Particles B and C were also coated with solution. However, the trace of the solution does
not clearly show the existence of SO,. The electron microgram taken under the strong clectron beam showed that

the particle D was composed of two different particles. This suggests that there is a possibility of coagulation
between KOSA particles and other types of particle in the atmosphere.

lwasaka et al. (Tellus, 1988)
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Figure 9. Seasonal change in the vertical profiles of the scattering ratio at a laser wavelength of 1
nm (top panel) and the aerosol depolarization ratio at 532 nm (bottom panel) derived from a series of li
measurements in Nagoya (35°N, 137°N) during the period of March to August 1994. Tropopause heigh
are indicated by white horizontal lines in the top panel. A vertical line divides the spring and summ

B Those measurements were made by Dr. Kwon et al.
(Kwon et al., Atmos. Environ.,1997, Matsuki et al., JGR, 2003)
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Fig. |, Vertical profiles of acrosol backscattering ratio (R) and hidar ratio (S, ) at 532
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532 nm (left panels). aerosol depolarization ratio (d;)

and relative humidity (RH) (right panels) obtained at Nagoya between 19:27 and 20:27 JST (1) and Tsukuba between 19:40 und 20:21
JST (b) on 23 April 2001, The thin-dotted line in the right panel of Fig. 1b shows humidity profile obtained with radiosonde on 20:30
JST at Tsukubi, Arrows in the nght panels show the height of which backward trajectories are shown in Fig. 2. The horizontal

distance berween the 1two sites 15 approximately 3060 km.

(Sakai et al., 2000, Atm. Env.)




Radiative Forcing (Watts per square metre)

warming

The global mean radiative forcing of the climate system
for the year 2000, relative to 1750

IPCC2001
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Asian dust attracts large interest of investigators

200G 2001 2004 International project of ACE - Asia was
made, and many investigators operated their particle collector
at many observational sites.




Balloon and Air-craft borne measurements showed

Large effect of westerly wind on global diffusion of KOSA

(%) O 25 50 75 100
] ] ]

Spring mean

5 11 84
>4km
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5|6 80
>4km - 9 %
I
O etc
0O Sea Salt
0O Soil
|
Spring mean 111 o 80
<4km
Summer mean
3|5 |6 .
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Observed seasonal change in the vertical structure of coarse
(D 1um) 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)



Taklimakan desert is important source
of Asian o KOSA




Westerly becomes
clear
above about 5km
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Fig.6 Wind speed and direction deduced from analysis

of the balloon trajectory.



Particle concentration measured with a
balloon borne OPC at Dunhuang
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Vertical Profiles of Aerosols Measured by Lidar at

Dunhuang (wasaka et al., JGR, 2003)
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Relative Weight Ratio of Al, S and Ca
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Trosikine et al., JGR, 2004



Taklimakan
desert seems to

Westerly wind in the free atmosphere

=y 4

Easterly wind near the surface

High mountains ( - 4000km)are surrounding
the Taklimakan desert,
and mountain- valley breeze are always
diffuse up dust into the free atmosphere



V“ Particle sampling technology Field observations
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Example 5: Pollen

Size: around 3 to 100 um

Sources: plants and vegetal material

Appearance: many different shapes.

Lifetime: hours to days. Pollen are
effectively removed by
precipitation

Other properties :
- little water soluble
- health problem for persons
suffering from allergies
(hay fever).
- Ice nuclei ?

Fig. 1.28 Pollen



Most recently various kind of
bioaerosols were identified and mass
of bioaerosols largely increased
during dust event:



Sampling in Dunhuang and Kanazawa

Noto Peninsula (Arrival)
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Air sampling at 2000m ¥ 3000m

S

Collection on
0.2um pore size
polycarbonate
filter at rates of
700 L/h using
air pump.
Sapling cource

[C52E) [0 0B oA e o) .»,.

[




Air sample collected at 800m ¥ 1000m




Baloon sampling (Dunhuang City, Suzu Clty)

8OeE 100eE Long-lange transport © ¢

voe 'Nl'aklamakan Gobi Des. OfKOSA

Des.
ool [0 [, >

1~ .

*9¢NDunhuang f

(40.0%¢ 94 . KuguE)

Aerosol sample was

Atmosphere collected at heights of

800 m using an air
pump with 0.2 pm
membrane filter(200 m

)
Dunhuang 800 m

2007 August 17
13:15~14:15
Suzu 800m
2008 May 7
11:00~12:00




KOSABioaerosol collected at
Dunhuang: DAPI Treatment

Fluorescepce light
pots sijow DNA

J

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

700 m 1900 m Maki et al.

Iwasaka et al., 2009



Snow cover Sampling (Mt. Tateyama, Murododaira)

Snow surface 660
1 654-A
= 560-B
= 550-C
3]
>
@)
O
=
@)
c
0))]
250-control
& P ) Ground surface 0
at depih.g e i | 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.

Sampling dates
2008 April 16
2010 April 16




Microscopic observation

Yellow particles

10 um White particles

Aggregates







