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¢ Abstract

The suspending particulate matter (PM,5) is a typical
indicator of small particles in the atmosphere. Accordingly
in order to monitor the air quality, sampling of PM, 5 has
been widely undertaken over the world, especially in the
urban cities. On the other hand, it is known that the sun
photometry provides us with the aerosol information, e.g.
aerosol optical thickness (AOT), aerosol size information and
so on. Simultaneous measurements of PM,s and the AOT
have been performed at a NASA/AERONET (Aerosol Robotics
Network) site in urban city of Higashi-Osaka in Japan since
March 2004, and successfully provided a linear correlation
between PM, s and AOT in separately considering with several
cases, e.g. usual, anthropogenic aerosols, dust aerosols and so
on. This fact suggests that the vertical distribution also should
be taken into account separately for each aerosol type. In this
work, vertical profiles of atmospheric aerosols are considered
based on combination use of photometric data with AERONET,
LIDAR (Light Detection and Ranging) measurements and

model simulations.
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¢ 1. INTRODUCTION

over the Barbados Island’. Wang and Christopher investigate
the relation between satellite based MODIS-AOT and in-situ
PM,; measurements in the Alabama, USA, and obtained good
correlation for monthly even hourly PM,; measurements®.
Mukai et al. also investigates the relation in the 2nd large city,
Osaka, in Japan’. The results showed that a linear correlation
definitely exists between AOT and PM,;, and the value of
correlation coefficient for whole data were lower than that
in separately considering with two cases as anthropogenic
and dust aerosols. This result looks to be showing a fact that
the atmospheric situation during Asian Dust events, i.e., high
AOT and low PM, 5, may be different from that as usual. In
other words, the vertical distribution of atmospheric aerosols,
namely the height of boundary layer, plays a sufficient role on
the relationship between AOT and PM, 5. Especially our study
site, Osaka AERONET station, is surrounded by mountains,
and hence the height of boundary layer could have a strong
influence upon the correlation between AOT and PM,®. The
precise relationship between AOT and PM, 5 is desired. In this
work, new LIDAR extinction data are examined to improve
the correlation of AOT and PM,; under boundary layer
atmosphere.
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¢ 2. MEASUREMENTS

It is well known that the increasing emissions of
anthropogenic aerosols associated with continuing economic
growth in Asia are causing serious air pollution and climate
change. PM, s is sampling widely over the world due to
monitoring the air quality. Also our group monitors PM, 5 in
Japan at Higashi-Osaka and Noto sites'. Among these sites, the
simultaneous measurements by the sun photometry have been
undertaken. The sun photometry provides us with the aerosol
information. The world wide NASA/AERONET data are most
available as the ground-based sun-photometric products® >,
Our group has also managed several AERONET stations as
Shirahama since 2000, Higashi-Osaka since 2002, and Noto
since 2003 in Japan. Furthermore a standard instrument of
NIES/LIDAR network®, Mie scattering lidar instrument, has
been set up since April in 2008 at the Higashi-Osaka site.
Smirnov et al. have showed that the relation of total column

aerosol optical thickness and PM,, in-situ measurements

¢ 2.1 AERONET data

The data supplied by the Cimel instrument were analyzed
with a standard AERONET processing system”'°. It provides us
with AOT and the Angstrém exponent ( a ). The resolution of
the AOT is better than 0.01 in all observation wavelengths, and
cloud screening of the obtained data was performed before
aerosol retrieval''. AOT is the basic parameter describing
atmospheric aerosols and indicates the degree of opacity
(and hence the concentration of the aerosol particles) in the
atmosphere'?. Some aerosol events show the characteristic
feature of dust events of a high AOT and a low a but almost
always the detection of rather high values of « indicates
contamination by small anthropogenic particles. Figure 1
indicates the AOT at Higashi-Osaka from 2004 to 2010. It
shows that high AOT due to dust event is observed frequently

in spring.
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2004-2005
' [ ¢ 2.2 PM sampling

An SPM sampler (SPM-613D, Kimoto Electric, Japan) set
i up at the same AERONET site on the roof of a building at

L . . . L . Kinki University (about 50 m above sea level) can measure
. : 2006-2007

the concentrations of various SPMs (e.g., PM,, and PM, ;)
i separately, as well as optical black carbon (OBC). The SPM
[ sampler makes it possible to determine the relationship
between aerosol properties and the particulate mass

concentration, since it can separate the contributions of

e fine particles (PM,5) and coarse particles(PM) (defined as
the difference between PM,, and PM,;), both of which are
abundant when the column AOT is high during dust events.
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due to soil dust particles being large. However, it is also
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20 s e long transportation on a westerly wind, with the resulting
16 1. 2010- t dust storm containing fine anthropogenic particles'®
] «o ® [ Accordingly, the PM, 5 concentration corresponds well to both
08 | ) [ anthropogenic and dust aerosols. Therefore, PM,; data are
\ sl [ used for analyzing the correlation between aerosols and PM
- M ‘? [ even in dust events. Figure 3 shows hourly PM, 5 and PM. data
JEMAMJ JASONDJFMAMJJASOND obtained during the same period as in Figs. 1 and 2.
Figure 1. AOT at a wavelength of 0.675 pm at the Higashi-Osaka site from AERONET .1+ T S S S S S S S S S S S S
data obtained from 2004 to 2010. | 2004-2005
160 - r
The aerosol properties at Higashi-Osaka were classified 120 1
by applying a standard statistics software package (SPSS; e
Statistical Package for the Social Sciences) to the AERONET o J ‘J' I M \
data shown in Fig.1. The number of clusters and classification 0 ﬂﬂu , } » ‘
variables were chosen arbitrarily for use with SPSS. The AOT 200
2006-2007
at a wavelength of 0.675 p m and the o were examined as 160
the classification variables. With these two input variables, 120 | _
SPSS gave the three aerosol clusters shown in Fig. 2 as 80 ' ‘ (ARl
1
scatter diagrams of the AOT against a. Cluster-1 appears to e 40 ! i F"\M“’* hl q g‘ “u ‘AL
represent a clear atmosphere with small AOT values. Cluster-1 5 o INANARRTY) O OO
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can be attributed to the background aerosols at Higashi- = ORI
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Osaka. Namely, the atmosphere over Higashi-Osaka isusually 160 1
covered with these - ) , , , 120 - ‘
small particles even 1= ® Cluster-1 | 80
. 16 - ®Cluster-2 | | ‘
on ordinary days. oCluster3 | 40 | w' wA !*Lu “l " IMJLI*‘“
Cluster-2 is associated 1.2 - - 0
with large values of « s . 20
08 . . F 160 | 2010-
and the AOT, and hence t ]
. L -PM,
represents a typical :° 120 4 -PM,
| " t
aerosol event involving 0.0 : : S Saegy 80 4 ‘ i
small aerosols. B 04 &8 IZ 1 20 T4
AOT(0.675um) J Iﬂ i
Cluster-3 shows a dust Figure 2. Scatter diagrams of a against the AOT v B T Bl = E R E )
event Withalarge AOT at wavelength of 0.675um for three clusters of PN WS RSSO SRR S E R N RS DR
aerosols obtained by SPSS classification for aerosol Figure 3. PM.s and PMc measurements during the same period and the same site as
and asmall «a . data during the same period as in Fig.1. inFig.1.
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¢ 23 LIDAR data

Figure 4 presents the measurements with a Mie scattering
LIDAR instrument, which is a part of LIDAR network governed
with NIES (National Institute for Environmental Studies) , at
Higashi-Osaka from April in 2008 to June in 2010. The NIES/
LIDAR uses the second harmonics (0.532um) of a flashlamp-
pumped Nd:YAG laser as alight source. It is very interesting
to mention that the LIDAR provides the vertical distribution
of atmospheric aerosols and the total depolarization ratio of
perpendicular component to parallel one of the backscattering
intensity’. The values of LIDAR extinction at a wavelength of
0.532um are shown in Fig.4a, where the open and filled circles
denote the accumulate values from altitude (h) of O to 6 km
(expressed by Extog, ) and those from O to 0.9km (Extyitac),
respectively. Note that LIDAR signal is rather weak in the
higher atmosphere with h > 6km, in other words LIDAR data
seem to be saturated around 6km. Therefore 6km is pretended
to be top of atmosphere with respect to LIDAR measurements.
The ratio is available as below.

f: Ext(0.532 (m) dz
(¥ Ext(0.532 (m).-.dz W

0

R(h) =

The values of R(0.9km) in Fig.4b represent the efficiency
factor of extinction by aerosols within the near surface layer
against that with total atmosphere.
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Figure 4. LIDAR extinction at a wavelength of 0.532um from April of 2008 to June of
2010. In Fig. 43, Extosim and Exty,e represent the accumulate values from altitude of
0 to 6 km and those from 0 to 0.9km, respectively. Fig. 4b shows the ratio R(0.9km)
Of EXturtace TO EXtogin-

¢ 3. RELATIONSHIP BETWEEN
MULTI-MEASUREMENTS

¢ 3.1 Correlation between AOT and PM

Figure 5 shows scatter diagrams of PM, 5 versus AOT(0.675

pm) for Cluster-1 plus Cluster-2 and Cluster-3 defined in Fig.2.
The squares in Fig. 5 show a 10-bin data set, because the 10-
bin method is a useful procedure for increasing the accuracy
of correlation coefficients'*. However, the number of data
points for Cluster-3 was insufficient for applying the 10-bin
method. Therefore, the regression line was calculated using
the entire data for PM, 5 and AOT in Fig. 5b.
Furthermore, correlation between PM2.5 and AOT,, e Was
plotted in Fig. 5d. AOT,. represents the near surface (from
the surface to the height of 0.9km) aerosol optical thickness
estimated by Egs. (2).

AOTy, e = R(0.9km) X AOT @)

The figures show linear correlation between PM, 5 and AOT
is different by aerosol type. This fact suggests that the vertical
distribution also should be taken into account separately for
each aerosol type. The comparison between Fig.5¢c and Fig.5d
shows that the correlation between PM,; and AOT has been
improved under consideration of near surface aerosol optical
thickness (AOTy e )-
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Figure 5. (a) Scatter diagram of PM,; versus AOT(0.675 um) for Cluster-1+Cluster-2
during the same period as in Fig.1, (b) Same as (a) but for Cluster-3, (c) Same as (a)
but during the same period as in Fig.4., (d) Same as (c) but using AOT, e (0.675
pm).
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¢ 3.2 Vertical distribution of aerosol

In this section, vertical profiles of atmospheric aerosols
are considered using model simulation. Figure 6 presents the
simulated results for the vertical distribution of the annual
mean aerosol mass concentration at Higashi-Osaka based
on a three-dimensional aerosol-transport-radiation model,
SPRINTARS'®, which is driven by GCM that was developed
by CCSR (Center for Climate Systems Research), NIES, and
FRCGC (Frontier Research Center for Global Change)'® The
model includes carbonaceous, sulfate, mineral dust, and
sea salt aerosols. The black and gray lines represent the
mass concentrations of mineral dust and anthropogenic
(carbonaceous plus sulfate) aerosols, respectively. Note that
the error bars represent the standard deviations generated
in our model simulations. The pie chart in Fig.6 shows the
relative contributions of the two aerosol types. It shows that
the two aerosol types exhibit different vertical profiles. The
concentrations of anthropogenic aerosols are maximal at
the surface and rapidly decrease with height. In particular,
carbonaceous and sulfuric aerosols are concentrated in the
boundary layer. In contrast, mineral dust is distributed almost
uniformly from the surface to the higher atmosphere, with a
moderate peak at a height of 2-4 km. The simulated vertical
profile of aerosol is consistent with LIDAR measurement.

Higashi-Osaka, Japan
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Figure 6. Simulated results
of the vertical distribution
of the annual mean aerosol

“ e e ', mass concentration and
10 10 10 107 its standard deviation at
Aerosol mass concentration [pg/m3] Higashi-Osaka.

¢ 4. SUMMARY

The mass concentration of PM, 5 is known as an index of
air quality. In order to investigate the relationship between
PM, ;5 and AOT, both measurements have been simultaneously
done at Kinki University Campus, Higashi-Osaka, Japan since
March in 2004". Furthermore LIDAR instrument has joined
since April in 2008 at the same site. It provided a linear
correlation between PM,; and AOT in separately considering
with several cases. Especially, a stronger linear correlation
exists between PM,; and AOT,, . This fact suggests that
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the vertical distribution is helpful information to estimate
PM,; from column AOT. These results show that combining
radiometric aerosol information (including space-based data)
with surface-level particulate mass data and LIDAR vertical
profile measurements is a useful approach for improving our

understanding of air quality and the atmospheric environment.
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