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Abstract
The I idar measurements made at Nagoya, Japafl show the possibi I ity that

asian cont inent soi  I  part ic les disturbe the mid-troposphere over Japan.
Number-size distr ibut ion funct ion made with air-borne instruments over

Japan in 1991-1994 frequently shows peak in the ranse of dianeter; D l I  lm
in the free troposphere. Those are confirmed by the l idar measurements. 0n
the basis of  backward trajectory analysis of  the air  mass containing those
part ic les,  soi l  part ic les or ig inated in Asian cont inent af fect  on the features
found in the s ize distr ibut ions,  and environment throueh global  d i f fusion of
part iculate matter or ig inated in the Asian cont inent.
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1. lntroduct ion
In every spr ing,  Asian dust part ic les are f requent ly t ransported

to Japan by wester ly prevai  I  ing wind. Part icular ly,  heavy dust
storms apparent ly observed near the ground in Japan are fami l iar ly
cal led 'Kosa'  in Japanese. Those soi l  part ic les are found also over
the North Paci f ic  0cean as descr ibed in studies by Duce et  a l .  (1980),
Shaw (1980), Darzi and lf inchester (1982) and Uemats et al. (1983) and
others. Lidar measurements made at Japan showed that many Kosa particle
layers wi th a few ki lometers f requent ly appeared in the f ree t roposphere
even when Kosa episodo was not detected near the ground (lwasaka et al.,
1988),  suggest ing long range transport  of  soi  I  part ic les in the mid
troposphere. Backword trajectory analysis of air mass containing Kosa
part ic les ( l lerr i l l  et  a l . ,  1985) and numerical  s imulat ion (Kai  et  a l . ,
1988) suggested tha possibi I i ty that Kosa particles transported over
Japan in the free troposphere without severe Kosa episode in Japan and
to Pacif ic 0cean.

i loropholoeical  observat ion of  the part ic les wi th an electron
microscope (e.9., Okada et al.,  1990) showed that irregular shape
particles dominated in super micron range in the boundary atmosphere
dur ing Kosa episode. Chemical  analysis of  atmospher ic part iculate matter
col lected dur ing the per iod of  dust  storm episode (e.9. ,  Gao et  a l . ,  1992;
Betzer et al.,  1988) indicated sudden increase in concentration of metals
such as Ca, Al, and so on which were thought to be major composit ion of
soi l  part ic les.  X-ray analysis of  indiv idual  part ic les col lected dur ing
Kosa episode (0kada et al.,  1990) also showed increase in content of those
metals.  lwasaka et  a l .  (1988) found the airborne part ic les which surface
was coated with th in solut ion f  i lm containing 5042- f  rom the part ic le
col lection in the free atmosphere over Japan.

Radiat ive ef fect  of  the dust storm part ic les (e.e. ,  Arao and lshizaka,
1986; Asano and Siobara, 1989, Hayasaka et al.,  1992; Tanaka et al.,  1990)
was studied and sueeested that load of Kosa particles in the troposphere
over Japan disturbed largely radiat ive balance.

In previous observat ions,  there is l imi ted infornat ion concernine ur i th
size,  concentrat ion and chemical  composi t ion of  f ree atmospher ic aerosols
including Kosa over Japan.

Airborne measurements on the size distr ibut ion patterns of  f ree
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tropospheric aerosols were made in the spring of 1991-1994 to understand
behavior of  part iculate matter over Japan. l lester ly prevai l ine ul inds
seem to characterize nature of atmospheric part icles over the east
Asia and the western Pasi f ic  reeion since the tYind frequent ly carr ies
particulate matter originated in the continent over the ocean and
sometimes such part ic le is expecetd to be major in those regions(e.9. ,
Duce et  a l . ,  1983).

l la in purpose of  th is paper is to provide part ic le s ize distr ibut ion
patterns measured over Japan and to discuss the effect of soil  part icles
or ig inated in Asian cont inent on the s ize distr ibut ions of  the f ree
tropospher ic part ic les over Japan.

2. Free Tropospheric Aerosol Concentration l leasured uith a Lidar in Sprine
Aerosol content was observed at Nagoya in 1994 with the I idar which

has the character ist ics descr ibed breaf ly in Table l .  Scatter ing rat io of
part iculate matter is def ined by

Scatter ine Rat io = [  Bl  + BZJl81,

where B1 and 82 are backscatter ing coeff ic ient of  air  molecules and
atmospheric aerosols.  The mixing rat io of part iculate matter observed
with a l idar, therefore, ciul be derived f rom

ll ix ine Rat io = 82/ B1

Scatter ing rat io -1.

Scatter ing rat io of  t ropospher ic aerosols measured in spr ing (Apr i l
and llay, 1994) is comapred urith that in sumer (July and Ausust, 1994).
In spr ing higly concentrated part ic le layer t r i th a few kirometers th ickness
are frequently observed but not in surmer.

Depolar izat ion rat io def ined as fo l low is used to detect  nonspher ical
part ic les,

Depo lar izat ion Rat io = B Ll I l l
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i lhere B is total  backscatter ing coeff  ic ient  including B1 and 82, and
suff ix I and / l  mean cross and pararell  plane component of bacscatter l ight
to the plane of  emit ted laser I  ight ,  respect ively-  The depolar izat ion
ratio defined above can be recognized as depolarization ratio of
part iculate matter here s ince backscatter l ieht  intensi ty f rom part iculate
matter is extremely larger than that from air molecules in the troposphere.
Depolarization ratio of aerosols becomes 0 when l icht is scattered by
spher ical  part ic les,  and the values increase for scatter ing of  nonspher ical
part ic les.
'  Depolar izat ion rat io suggests that  the part ic les in spr ing t ime
frequent ly show large nonspher is i ty.

3. Discussion and Sumrary
From microscopic measurements of part icles col lected at 4.42 kn,

i r regular shape part ic les,  possibly soi l  part ic les,  wi th diameter )
l0 rm were frequently identif ied. Discrepancy between our results and
those obtained in the marine free atmosphere over south west Pacif ic is
caused mainly by soi  I  part ic les t ransported from Asia to Japan.

Backward trajectory analysis of air mass correspondine to the hight
of the aerosol layer detected by the I idar was made on the surface of
isopotent ia l  temperature.  The analysis indicates that most of  the air
mass came from Asia continent with in several days, as shom in the samples
of anal  ised trajector ies.

The trajectory suggests that sometimes air mass noticeably moves up
and down dur ing i ts t ravel l .  The large upward mot ion of  a i r  mass can
compensate descending movement of extremely large size particles contained
in the air  mass and cencequent ly make i t  possible for  the large part ic les
larger than several microns to travel I long distance.

Some invest ieat ions suggested one possibi  I  i tv  that  soi  I  part ic les
frequently transported from the Asian continent in the free troposphere
over Japan with l idar observat ion ( lwasaka et  a l . ,  1988) and airborne
polar nephelometer (Hayasaka et al.,  1990).

The measurements made over Goto islands (Southern area of Japan)
on ilar. 8, 1993 is a good example showing large enhancement of Kosa
particles in the free troposphere, and disturbance of Kosa at the lower
alt i tude is apparently small. In the measurements of l lay 12, 1993 and
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Apr. 26, 1994 typical single mode spectra with mode diameter of about
1.5 rm was observed at  4.42kn level ,  but  b inodal  funct ion was ident i f led
at 2.29 km level suggestine disturbance of the boundary layer. Such
stratif ied layer structure suggested that aerosol concentration above
the mixed boundary layer frequently affected by soi I part icles
transported from the Asian continent.

Radiative forcine of atmospheric part iculate matter becomes great concern
and long-term monitorine of atmospheric aerosols over the asian continent-
paci f ic  region with a l idar should make important contr ibut ion to sutdy on
elobal cl imate and environment changes.
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Fie. 2. Time-height cross section of depol arization ratio observed by the
Raman l idar.  Panel  A is observat ion on Apr i l ,  panel  B on August
1994, in Nagoya, Japan.

Fig.  1.  Time-height cross sect ion of  scatter ing rat io,  observed by the
Raman I iar at wavelength 1064 nm. Panel A is observation on Apr i  l ,
panel B on August 1994, in Nagoya, Japan.
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Fig. 3. Time-height cross sect ion of water vapor mixing rat io (e/ke)
observed by the Raman I idar. Panel A is observation on Apri  l ,  panel
B on August 1994, in Nagoya, Japan.
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Fig. 6 The median of scatter ing rat ios measured monthly at 1064 nm
wavelength at  height range of  2-4,  4n7, and 7-11 Km in
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Fie. 7 The median of depol ar izat ion rat ios measured monthly at height range
of 2-4, 4-7, and 1-11 Km in Apri l -August 1994.
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8.I SOLAR YARIABILITY
1 b lato$' that total solar irradiance varies with an
ll-year cyde. Spacebome satellite meastuemenb
available sinc€ 11t78 shorr that over the rnmt rcc€nt
zunspotcyde ttrcdunges insolar irradiance were
equivalent to a radiative foncing of about 0.2 W m-2.
This may initially seern significant, glvm that it is an
apprcciableftaction of ttre fo'rcing due to greenhouse
gase wer the same period. However, these dunges
in solar irradiance are cydical in nahue and it is -
believed thaL due to tI6 thermal inertia in th€ climate
systen\ urly a small amount of the pcsible tempera-
fue dunge restrlting frorn such harsient dunge in
irradiance is reralised. In contnst, tln drange in gre€n-
houe gases nepres€nt a sustained and cumutative
effect wermanydecade.

Recent satellite observations show a relatioruhip
between total solar irradiance and other indicafors
of solar activity which allows a tentative recon-
s.truction of past total solar irradiance. Although
there is considerable uncertainty in estimatinfsolar
irradiance before direct measurements hg"t,
chantls in solar irradiance since 1&50 may have
contributed a nahrral radiative forcing of brotrnd
0.3 W m-2 (Figur€ 3). Future forcing d'ue to changes
in solar irradiance could be negativi or positive.-

8.2 VOLCANIC ACTMTY
rr'okanic emptius can act to increase the amount of
aermol partides in ttrc shatoeptcre. The dominant
radiative eftct is an increase in scattering of solar radi-

ation whic-h reduces the net radiation available to tl're
surface/hoposphere, therrSy leading to cooling.
Volcanoes have the potential to produce large radiative
forcing but the evmb are harsitory.

Theeruptiurof Mt. Pinatubo in tlre Philippines in
f une 191 stands out from a dimatic point of view as
prcbably the mct important mrpdor this cErihry.
The laagest forcing is calctrlated to have been abotrt
-4 W m-'around one year after the etr.ptiqu This
decayed to around -l iV m-2 after Z yeirs. fhtu, ttre
radiatve brcing rcsulting frorn Mt Pinatubo for the
fint 2 years after theenrpticrwas comparabb,butof
oppcite sigru to the geenhouse gas forcing this centu-
ry (+2.1 to +2.8 W m-'). A cooling of global surface
temprahue observed following ttre empticr reached
a maximum of 0.3 to 05 qC dudng 1992. Simulatior of
the dimatic eftc1s of Mt Ptnatubo aermls trsing gar-
eral cirmlatiqr modeb (CCh&) have produced resuls
in good agreenrent with obsewations, with a nro<i-
mumcooling of 0.4 to0.6 t. Sudt simtrlatirxs
irnease cqrfidence in ttre abilityof GCIt[s to respolrC
in a realisticway to barsiorg planetary*ale radiative
forcingp of larye magnitude.

Clearly, individual volcanic mrptius can produce
la4ge radiative forcing effects,but tlrese effecis are tran-
sitory An important issue here is whether dunges h
F€enrhrouse gases and aeruols due to human activity
are significant compared with natural factors. A key
question is therebre whettrer therc hasbeen any berrl
in volcanic activity over the pericit since indushialisa-
tioru tltis is unlikely. Howe\re[ variatiors in the occur-
mrce of dimatically significant mrptiors may be a fac-
tor in erglaining some interannual ard interdecadal
dimate variatiqs.

RADIATIVE FORCING OF CLIMATE CHANGE
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Scattering rat io (1054nn)
Apri l ,  L994. at Nagoya

Data

Depolar izat ion rat io
at  l lasoya, Apr i l ,  1995.

Scattering
at Nagoya,

ratj-o (1064nn)
Augnrst ,  1994 .
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