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Abstract
The lidar measurements made at Nagoya, Japan show the possibility that
asian continent soil particles disturbe the mid-troposphere over Japan.
Number-size distribution function made with air-borne instruments over
Japan in 1991-1994 frequently shows peak in the range of diameter; D 2 1 um
in the free troposphere. Those are confirmed by the lidar measurements. On
the basis of backward trajectory analysis of the air mass containing those
particles, soil particles originated in Asian continent affect on the features
found in the size distributions, and environment through global diffusion of
particulate matter originated in the Asian continent.



1. Introduction

In every spring, Asian dust particles are frequently transported
to Japan by westerly prevailing wind. Particularly, heavy dust
storms apparently observed near the ground in Japan are familiarly
called ‘Kosa' in Japanese. Those soil particles are found also over
the North Pacific Ocean as described in studies by Duce et al. (1980),
Shaw (1980), Darzi and Winchester (1982) and Uemats et al. (1983) and
others. Lidar measurements made at Japan showed that many Kosa particle
layers with a few kilometers frequently appeared in the free troposphere
even when Kosa episodo was not detected near the ground (lwasaka et al.,
1988), suggesting long range transport of soil particles in the mid
troposphere.  Backword trajectory analysis of air mass containing Kosa
particles (Merrill et al., 1985) and numerical simulation (Kai et al.,
1988) suggested tha possibility that Kosa particles transported over
Japan in the free troposphere without severe Kosa episode in Japan and
to Pacific Ocean.

Morophological observation of the particles with an electron
microscope (e.g., Okada et al., 1990) showed that irregular shape
particles dominated in super micron range in the boundary atmosphere
during Kosa episode. Chemical analysis of atmospheric particulate matter
collected during the period of dust storm episode (e.g., Gao et al., 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 composition of
soil particles. X-ray analysis of individual particles collected during
Kosa episode (Okada et al., 1990) also showed increase in content of those
metals. Iwasaka et al. (1988) found the airborne particles which surface
was coated with thin solution film containing S042- from the particle
collection in the free atmosphere over Japan.

Radiative effect of the dust storm particles (e.g., Arao and |shizaka,
1986; Asano and Siobara, 1989, Hayasaka et al., 1992; Tanaka et al., 1990)
was studied and suggested that load of Kosa particles in the troposphere
over Japan disturbed largely radiative balance.

In previous observations, there is limited information concerning with
size, concentration and chemical composition of free atmospheric aerosols
including Kosa over Japan.

Airborne measurements on the size distribution patterns of free



tropospheric aerosols were made in the spring of 1991-1994 to understand
behavior of particulate matter over Japan. Westerly prevailing winds
seem to characterize nature of atmospheric particles over the east

Asia and the western Pasific region since the wind frequently carries
particulate matter originated in the continent over the ocean and
sometimes such particle is expecetd to be major in those regions(e.sg.,
Duce et al., 1983).

Main purpose of this paper is to provide particle size distribution
patterns measured over Japan and to discuss the effect of soil particles
originated in Asian continent on the size distributions of the free
tropospheric particles over Japan.

2. Free Tropospheric Aerosol Concentration Measured with a Lidar in Spring

Aerosol content was observed at Nagoya in 1994 with the lidar which
has the characteristics described breafly in Table 1.  Scattering ratio of
particulate matter is defined by

Scattering Ratio = [ B1 + B2 1/B1,
where B1 and B2 are backscattering coefficient of air molecules and

atmospheric aerosols. The mixing ratio of particulate matter observed
with a lidar, therefore, can be derived from

Mixing Ratio = B2/B1

Scattering ratio -1.

Scattering ratio of tropospheric aerosols measured in spring (April
and May, 1994) is comapred with that in summer (July and August, 1994).
In spring higly concentrated particle layer with a few kirometers thickness
are frequently observed but not in summer.

Depolarization ratio defined as follow is used to detect nonspherical
particles,

Depolarization Ratio = BL/BIl



where B is total backscattering coefficient including 81 and B2, and
suffix L and // mean cross and pararell plane component of bacscatter |ight
to the plane of emitted laser light, respectively. The depolarization
ratio defined above can be recognized as depolarization ratio of
particulate matter here since backscatter light intensity from particulate
matter is extremely larger than that from air molecules in the troposphere.
Depolarization ratio of aerosols becomes 0 when light is scattered by
spherical particles, and the values increase for scattering of nonspherical
particles.

Depolarization ratio suggests that the particles in spring time
frequently show large nonspherisity.

3. Discussion and Summary

From microscopic measurements of particles collected at 4.42 km,
irregular shape particles, possibly soil particles, with diameter 2
10 um were frequently identified. Discrepancy between our results and
those obtained in the marine free atmosphere over south west Pacific is
caused mainly by soil particles transported from Asia to Japan.

Backward trajectory analysis of air mass corresponding to the hight
of the aerosol layer detected by the lidar was made on the surface of
isopotential temperature. The analysis indicates that most of the air
mass came from Asia continent with in several days, as shown in the samples
of analised trajectories.

The trajectory suggests that sometimes air mass noticeably moves up
and down during its travell. The large upward motion of air mass can
compensate descending movement of extremely large size particles contained
in the air mass and cencequently make it possible for the large particles
larger than several microns to travell long distance.

Some investigations suggested one possibility that soil particles
frequently transported from the Asian continent in the free troposphere
over Japan with lidar observation (lwasaka et al., 1988) and airborne
polar nephelometer (Hayasaka et al., 1990).

The measurements made over Goto islands (Southern area of Japan)
on Mar. 8, 1993 is a good example showing large enhancement of Kosa
particles in the free troposphere, and disturbance of Kosa at the lower
altitude is apparently small. In the measurements of May 12, 1993 and



Apr. 26, 1994 typical single mode spectra with mode diameter of about

1.5 um was observed at 4.42 km level, but bimodal function was identified
at 2.29 km level suggesting disturbance of the boundary layer. Such
stratified layer structure suggested that aerosol concentration above

the mixed boundary layer frequently affected by soil particles
transported from the Asian continent.

Radiative forcing of atmospheric particulate matter becomes great concern
and long-term monitoring of atmospheric aerosols over the asian continent-
pacific region with a lidar should make important contribution to sutdy on
global climate and environment changes.
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Fig. 2. Time-height cross section of depolarization ratio observed by the
Raman |idar. Panel A is observation on April, panel B on August
1994, in Négoya, Japan.
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Fig. 1. Time-height cross section of scattering ratio, observed by the
Raman |iar at wavelength 1064 nm. Panel A is observation on April,
panel B on August 1994, in Nagoya, Japan.
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Fig. 3. Time-height cross section of water vapor mixing ratio(g/kg)
observed by the Raman | idar. Panel A is observationon April, panel
B on August 1994, in Nagoya, Japan.
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Fig. 4. Time-height cross section of relative humidity (%) observed by the

Raman |idar. Panel A is observation on April, panel B on August
1994, in Nagoya, Japan.



60

q / I

50

70 90 110 130 150
LONGITUDE

Desert g Main Trajectory of Air mass
Containing Asian Dust(Kosa)

Fig. 5 Main trajectories of air mass in April, 1994. Curve A was computed
for altitude 2~4 Km, curve B was computed for altitude 4~7 Km
and curve C was computed for altitude 7~11 Km.
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Fig. 6 The median of scattering ratios measured monthly at 1064 nm
wavelength at height range of 2~4, 4~7, and 7~11 Km in
April-August 1994.
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Fig. 7 The median of depolarization ratios measured monthly at height range
of 2~4, 4~7, and 7~11 Km in April-August 1994.
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Fig. 8 The median of relative humidity measured monthly at height range
of 2~4, 4~7, and 7~11 Km in April-August 1994.
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8. What else influences
radiative forcing?

8.1 SOLAR VARIABILITY

We know that total solar irradiance varies with an
11-year cycle. Space-borne satellite measurements
available since 1978 show that over the most recent
sunspot cycle the changes in solar irradiance were
equivalent to a radiative forcing of about 0.2 W m™2.
This may initially seem significant, given that it is an
appreciable fraction of the forcing due to greenhouse
gases over the same period. However, these changes
in solar irradiance are cyclical in nature and it is
believed that, due to the thermal inertia in the climate
system, only a small amount of the possible tempera-
ture change resulting from such transient changes in
irradiance is realised. In contrast, the changes in green-
house gases represent a sustained and cumulative
effect over many decades.

Recent satellite observations show a relationship
between total solar irradiance and other indicators
of solar activity which allows a tentative recon-
struction of past total solar irradiance. Although
there is considerable uncertainty in estimating solar
irradiance before direct measurements began,
changes in solar irradiance since 1850 may have
contributed a natural radiative forcing of around
0.3 W m™? (Figure 3). Future forcing due to changes
in solar irradiance could be negative or positive.

8.2 VOLCANIC ACTIVITY

Volcanic eruptions can act to increase the amount of
aerosol particles in the stratosphere. The dominant
radiative effect is an increase in scattering of solar radi-

90°N

RADIATIVE FORCING OF CLIMATE CHANGE

ation which reduces the net radiation available to the
surface/troposphere, thereby leading to cooling.
Volcanoes have the potential to produce large radiative
forcing, but the events are transitory.

The eruption of Mt. Pinatubo in the Philippines in
June 1991 stands out from a climatic point of view as
probably the most important eruption this century.
The largest forcing is calculated to have been about
—4 W m™? around one year after the eruption. This
decayed to around —1 W m™ after 2 years. Thus, the
radiative forcing resulting from Mt. Pinatubo for the
first 2 years after the eruption was comparable, but of
opposite sign, to the greenhouse gas forcing this centu-
ry (+2.1 to +2.8 W m™?). A cooling of global surface
temperature observed following the eruption reached
a maximum of 0.3 to 0.5 °C during 1992. Simulation of
the climatic effects of Mt. Pinatubo aerosols using gen-
eral circulation models (GCMs) have produced results
in good agreement with observations, with a maxi-
mum cooling of 0.4 to 0.6 °C. Such simulations
increase dence in the ability of GCM:s to respond
in a realistic way to transient, planetary-scale radiative
forcings of large magnitude.

Clearly, individual volcanic eruptions can produce
large radiative forcing effects, but these effects are tran-
sitory. An important issue here is whether changes in
greenhouse gases and aerosols due to human activity
are significant compared with natural factors. A key
question is therefore whether there has been any trend
in volcanic activity over the period since industrialisa-
tiony; this is unlikely. However, variations in the occur-
rence of climatically significant eruptions may be a fac-
tor in explaining some interannual and interdecadal
climate variations.
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Figure 12. Modelled geographic distribution of annual mean direct radiative forcing (W m™?) from antlropogenic sul-
phate aerosols in the troposphere. The negative radiative forcing is largest over or close to regions of industrial activity.
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