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Basic Concept of Lidar Measurements

(Observation

range ~30km) Lb o Aerosols

‘ °a° (KOSA., particles in the
/) air)
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Telescope "‘

Detector <

" Polarizer
Wave memory il ;
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v'1974 Fuego
v'1980 St Helens
v'1982 El Chichon

v'1991 Pinatubo

Those large eruption seems to
affect global environment such as
*Surface temperature decrease
«Stratospheric 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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PARTICULATE BACKSCATTERING, sr™

VERTICALLY INTEGRATED

Vg | Time virstoon of vertcally inssgratod particuate becocattorng (tropopeuse « |kt 10 layer
Wk mseasured by ruby hadar 9947 ) &2 Garmisch-Pannenbirches,
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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

. BREL L )
4 )
Depolarization ratio
. ffm St A S )
4 )

Particle type
_ (Dust, sulfuric acid droplet,.....)

This Is now used as standard way
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BACKSCATTERING FUNCTION: cm'! sterad™ X 16"

AR EZ2 19764F4AATH—9HDIFA X —a—%FE
L<tEol=7a77 A (Iwasaka, 1977)
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Fig. | Temperature distribution 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 17,1983,1 |yasaka et al., GIR, 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)
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In winter Antarctic
stratosphere lots of
particles (PSCs) appeared
J Geomag Geoel, J Met Soc

April 1986 Y. Iwasaka

Jun 7 8
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Fig. 2 Integrated backscattering coefficient of
aerosol particles in the stratosphere. This value
increased extremely (n winter.
as volcanic ash Joaded into the stratosphere 5 ¥ O
changes noticeably the polarization properties £ -
of the incident wave (Hayashida et al., 1984). é
In Fib. 3, we compare the depolarization i <
ratio measured on June 2 (early stage of the 3 F .
enhancement) with that on June 30 (fully devel- : LI—
oped stage). . , : .
| A JIIAI% Lol lllll& llm AAA‘_Q
Sait Rave Total Ceponad| alon
3. Discussion and summary ¥
: Fig. 3 Comparison of results measured durlng the
i) Aerosol content and depolarization ratio in winter enhancement of ,M(_E \
winter layer. The measurements

Now it is well established that most of strato. 8¢ susting utio andl Pegcending PSCs transport

: ) ) ratlo. However the profiles
spheric aerosol particles are composed of sulfuric

have large scattering ratio H
acid solution. Therefore their shape is spherical tion mt$ * s-l'ra'l'ospher Ic wa-l'er, N’ and

e s s others 1o the troposphere
\ y
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Total Ozone (Dobson units)

source: etpo/maw al noaa govWWWEHD pubdocs/Assessxent02' Q& As him]

Ozone Hole

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



Heterogeneous Reactions
Key to catastrophic ozone destruction

CHnNg (aservoils
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@4 o Unreactive chiorine
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[ Clz --> Cl + Cl ]

source: Turco (1987)
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

f

Ozone Hole Discovery

T

340 l ][ I Discovered at the British
! “ | H } | 1 Antarctic Survey station at
300 ’ ’IH"‘ Halley Bay from
r * } :J measurements begun during
260+ “‘ the IGY
]..o”
220> 1 )1
]
i Dt 2
1801 L ST PR dina =
1960 1970 1980 Farman, Gardiner, & Shanklin (1985)
460 |
. N | satellite
measurements
:lh " o . Original TOMS ozone hole map
b:steLBa;owa;m produced by Don Heath and PK
TR S Bhartia in 1985
seeing ozone
AT A b .
A N e e Long-term observation pf total
e e ozone shows large decay trend
Stolarski 3/29/2013 Lamont-Doherty — in Antarctic spring
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Ozone Change
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45
@ -
5 L Stage iii: Full
g recovery of ozone
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TETIF), SHEEFKICIF19605F
Stage ii: Onset of ﬁb"" L':;EE & E&%’)C%
Stage £ Slowing ozone increases igl'lbt‘, 1D,
ofozone decline k j
1960 1980 Time - End of 21%

eantury
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 observed 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
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/Some cumulonimbus

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

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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K f54% (condensation nuclei)
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This picture Is an important trigger to
consider the effect of long range transport
Asian pollutants

lwasaka et al. (Tellus, 1988)
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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 wavclcngth of 106 %)t"E,] r’:g)ﬁl'\t“

nm (top panel) and the aerosol depolarization ratio at 532 nm (bottom panel) derived from a series of lid SRR #i= 29 B TR [ S

measurements in Nagoya (35°N, 137°N) during the period of March to August 1994, Tropopause heigh Y Tk S AN G=23paN I
are mdxcatcd by white horizontal lines in the top panel. A vertical line divides the spring and summd@i

SEHEIL /NSNS

mongrs: —
Those measurements were made by Dr. Kwon et al. EERLTLVS
(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

1'N, 140.1°E) 19:40-20:21JST
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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

2000-2001 (2004) |International project of ACE-Asia was
made, and many investigators operated their particle collector
at many observational sites,
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Balloon and Air-craft borne measurements showed
Large effect of westerly wind on global diffusion of KOSA

(%) O 25 75 100
I I I
Spring mean 5|11 84
>4km
Summer mean
5 |6 80
>4km - 9 %
I
O etc
0O Sea Salt
0O Soil
|
Spring mean 11 | o 80
<4km
Summer mean
3|5 |6 .
<4km » - 86 %

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)



Takl imakan desert is important source
of Asian ( {0SA)




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

Coarse mode
particles well mixed
in
near surface ~ 6km

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

be dust}olol-

S
v :
A
4 Aly\ Easterly wind near the surface

BT e

High mountains (-4000km) are surrounding

the Takl imakan desert,
and mountain-valley breeze are always
diffuse up dust into the free atmosphere



Ice
nuclei
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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:
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Sampling in Dunhuang and Kanazawa

Noto Peninsula (Arrival)
[AicraftSOOOm

—— o ————— )
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Dunhuang (Source)
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Aircraft




Air sampling at 2000m ~ 3000m

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




Air sample collected at 800m ~ 1000m




Baloon sampling (Dunhuang City, Suzu Clty)

80°E 100°E

LongEIange transpor? .
50°N . of KOSA

Taklamakan Gobi Des.
40°N Des. |:| ® Loess
Plateau
o

N Dunhuang

— )
(40 0° N 9 Suzu

Aerosol sample was
collected at heights of
800 m using an air
pump with 0.2 um
membrane filter(200 m

®)

Atmosphere

Dunhuang 800 m
2007 August 17
13:15~14:15
Suzu 800m
2008 May 7
11:00~12:00
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KOSA-Bioaerosol collected at

RUHTO Dunhuang: DAPI Treatment
~20%

Fluoresce

ce light

J

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

200743012 (#_E700 m:#E$HR1900 m)

Maki et al., 2008,

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




Changes In particle in concentrations

108

10°

Particle concentrations (particle/m3)

A\

()

Bacterial particles

/White particles

/

P

(1)
D

104
4:00 16:00 5:00 20:00 8:00 19:00 8:00 20:00 8:00 20:00 8:00  20:00
5/1 5/2 5/3 5/4 5/5 5/6 5/7
Dust event NON dust event
W | W W W W w N N N N N N




Vertical distribution of aerosol densities

Altitude over Dunhuang
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Bacterial structures in atmosphere over Dunhuang and Suzu

Relative abundance of 16S rDNA sequences (%o)

=
o
o
|

43,697 25,407 12,143 12,375 14,087 (read)

Marlne bacteria
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o
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Genus BaC|IIus dominate

20<}; Mixture
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o

I
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I ynecococcus sp. Alphaproteobacteri

800 10 3000 1000 10 (m)

Taklamakan des. |[Noto Peninsula
(Dunhuang) (Suzu)
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Class [ 400species }

] Deinococci

I Cyanobacteria
I Actinobacteria
[ Bacilli

I Clostridia

[ Flavobacteriia

Sphingobacteriia

J§ a-proteobacteria
[ B-proteobacteria
[ Y-Proteobacteria
] Chloroplast
others




Bacterial species dynamics during Asian dust event

Marine Transported bacteria Cold | Local origin
: B. subtilis environmenta
Cyanobacteria Staphylococcus sp. species > 30 clones for each sample
100 Z . Eukaryote
90 . Synechococcus sp.
. Cyanobacteria others
80 O Propionibacterium sp.
70- D Actinobacteria others
. Bacillus subtilis
60

. Bacillus megaterium

30 (7] Bacillus sp.
D Staphylococcus sp.

Ratio of clone numbers (%)

40
D Clostridium sp.
30 0 Firmicutes others
20 . Bacteroidetes
ARCcl
10 . SARclade

. Sphingomonas sp.

0

4:00 16:00 5:00 20:00 8:00 19:00 8:00 20:00 8:00 20:00 8:00 20:00 .Stenoxybactersp.
5/1 5/2 5/3 5/4 5/5 5/6 5/7 | [[] Stenotrophomonas sp.
. Neisseria sp.
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Natto producing with Kinjo Natto

Baci | lus
shower

| MNvith
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Japanese traditional health food “Natto”
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Location : Restaurant in Kanzawa Univ., Store In

Ishikawa Prefecture in Japan, et al.
Start Date : From 10 July, 2012 (Natto day)
Price : 50 yen/1 piece, 100 yen/2 piece
Products : 5000 piece/month
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Induction of allergy

Dust particles
+ Bjerkandera
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Diversion of
micro biota

Human
Health
Biogeochemical

7

Sedimentation

Cloud
Activities

Precipitation

range
transport

Bioaerosol

Water
Cycle

Vegetation

Ground
Water




4 )
Small scale air mass exchange is frequently

obSsyved between free atmosphere and boundary

N layeNatmosphere during long range transport y

Free
Atmosphere

Long range transport

Boundary

Layer Various scale air motion

Mixing
transport



Long range transport Chemical species
Scale of \ )
100km ~ 1000km g R
Human Society Biological species

Dynamics of bioIogicaI\
structure
(Death/Alive,
multiplication,
modification,)

Atmosphere

Long range
Transport of
Microorganisms

[ Motion of air mass

Long range

Transport of
Atmospheric
constituents

Product and Loss

Reaction In the atmosphere
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