Raman/Depolarization Lidar Measurements of Asian Dust at Taipei
(25.0°N, 121.5°E), Taiwan during 2/14~2/17/2004
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Abstract

The scattering properties (backscattering, depolariza-
tion, and Angstrom coefficient) of suspending parti-
cles during Asian Dust event (2/14~2/17/2004) were
measured by RCEC/NTU LIDAR system. The re-
sults are compared with ground based particle mea-
surements.  Surface-ground measurements indicate
Astan Dust pass through northern Taiwan from 2/14
to 2/17. Depolarization ratio of dust rises from 0.01
to about 0.03 at height below 1.5 km. The correla-
tion between depolarization ratio and surface-ground
mass concentration (PM10) is R2=0.604 shows higher
PM10 value is caused by existence of non-spherical
particle. Angstrom coefficients of suspending particle
measured by Lidar and Nephelometer decrease from
background value (about 2) to ~1, shows the mean ra-
" -dius of particle tends to increase during this dust event,
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1 Infroduction

Dust storms originating in the Taklamakan, Gobi, Or-
dos deserts, or the Loess plateau (March-April-May)
are frequent sources of dust in East Asian regions in
the spring. The dusts can be transported world wide
even across the Pacific Ocean, Under certain weather
conditions, dust storms usunally lead to high particle
conceniration in Taiwan and degrade the local air qual-
ity. In order to study how dust storms affect the lo-

- cal air quality of Taiwan, a Raman/Depolarization Li-

dar system owned by Research Center for Environ-
mental Changes, Academia Sinica (RCEC) and Na-
tional Taiwan University (NTU) was intensively op-
erated from 2/10~2/20 to monitor the vertical pro-
files of the atmosphere. In this paper, the scat-
tering properties (backscattering, depolarization, and
Angstrom coefficient) of suspending particles mea-
sured by RCEC/NTU Lidar system are reported and
the results are compared with other ground-base instru-
ments {Nephelometer, Insitu IC, PM10, and PM2.5)
nearby RCEC.

RCEC/NTU Lidar is a dual-wavelength Raman and
Depolarization Lidar system and currently is installed
inthe main building of RCEC (25.0°N, 121.5°E). More
details are provided in Table 1.

2 Method

The backscattering ratio 2 of particle is define as
the backscattering intensity relate to the backscattering
cause by air molecular;
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Table I: RCEC Lidar System

Laser Nd:YAG (Big-Sky CFR-400)
Wavelength 532 and 355 nm
Pulse energy 65/60 mJ
Repetition rate 20 Hz
Height Resolution 7.5m
Telescope ¢ 40 cm
Focal length 160 cm
Channels 532 (S and P) and 355 nm
{day and night time)

387 nm (night time only)

where 3., and 3, represent volume backscatter coef-
ficient of air molecular and asrosol respectively. For
day-time measurement, the calculations of R(z, A) is
using the Klett’s method [1] with & fixed lidar ratic of
60. For night-time measurement, the calculation of B
is basing on Raman inversion algorithm [2] to improve
the accuracy.

The depolarization ratio is define as the ratio of the
return light of perpendicular to parallel polarizations,
as given by the following equation:

1

B’
where Fj| and P are the integrated retum power for
parailel and perpendicular directions relative to the out-
going laser beam. The depolarization ratio is expected
to be related with the particle shape [3]. For spherical
particles, such as the stratospheric aerosols, A is close
to zero. For non-spherical particles, the depolarization
ratio is nonzero,

The Angstrom coefficient « as defined in Eq.3 is the
negative of the slope of 8 with wavelength in logarith-
mic scale. Typical values of & range from >2.0 for
accumulation mode aerosols. For aerosols and water
droplets with diameters comparable with laser wave-
length, a1 and for very large particles (ice particle),
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3 Results and Discussions

As shown in Fig. 1, the mass concentration ratio of
coarse (2.5~10 um) and fine (<2.5 ym) mode parti-
cles (C/F ratio) between 2/13~2/19 measured at Cen-
ter Weather Bureau (CWB) shows the concentration of
coarse particles is about 5 times that of the non-dust
periods (note that the C/F ratio did not rise with PM10
increasing on 2/18). The mass ratio (Fig. 2) of solv-
able ion (measured by Insitu IC, installed at NTU) and
PM10 (GuTing) shows that the mass of non-solvable
particles is about 2 times that of the lower-dust peri-
ods (2/13 and 2/18). Figure 3 shows the time series of
aerosol mass concentrations (PM10) measured at EPA
GuTing station and the Angstrom coefficient calculated
by nephelometer measurements (NTU). Good agree-
ment was found between PM10 and «, indicating that
the size of aerosols tends to increase as PM10 values
increase. Thought there still need chemical analysis to
identify the existence of dust (not finish yet), the results
of above measurements indicate some transport pollu-
tant passed northern Taiwan on 2/15 and we believe
that is dersert dust.

Figures 4 and 5 show the height distributions of
backscattering ratio and depolarization ratio observed
by RCEC Lidar between 2/14 12:00L ~2/18 07:00L. A
dense cloud (Rq; > 500) with low depolarization ra-
tio (A < 0.02) could be found at ~1.5km during 2/14
10:00L ~ 2/15 15:00L. Below 1.5 km, the A value is
as low as ~0.01, and Rs3e%5 on 2/14, indicating the
suspending particles are mainly composites of spher-
ical particles. Between 2/15 5:00L and 2/16 12:00L,
a particle layer is found at a height between 300 m
(the lowest height detection limit of RCEC/NTU Li-
dar) and 1500 m. The values of R slightly increase to
about 10, and the values of A also increase to sbout
0.03. After 2/16 12:00L, both A and the maximum
height of this layer decrease with time disappeared.
This aerosol layer disappeared at 2/17 12:00L. Fig. 6
shows Angstrom coefficient o of acrosols measured by
the lidar. In Fig. 6, Angstrom coefficients o below 1.5
km are close to 1 between 2/15 and 2/16 and fluctuate
around 2 at during the rest of the period. This is simi-
lar to the temporal and spectral structure observered in
acrosol depolarization ratio.

Figure 7 shows the comparison between lidar mea-
sured F532(300 m) values with total scattering coeffi-
cient (550 nm) measured by nephelometer (instailed at
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Figure 1: (a2) Time series of PM10 and PM2.5 mea-

sured at CWB. (b) C/F Ratio of coarse and fine mode = ‘

particles. Figure 4: Backscatter Ratio of 532 nm observation be-
. . o b P10 T tween 2/14 12:00L ~2/18 07:001..

Depekarization Retio, 241 §~2HT
Ed
g
j‘}w M E
@iy [-1T] [+

15
Packacalisring Relio

o?

by

‘b a2 0218 02H6
. Date

o0 O0i: e ooMB AMA Bo2 DA
. Deponrization falia,

Figure 2: Mass ratio of solvable jons {NTU) and PM10

. Figure 5: Depolarization ratio observation between
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Figure 3: Time series of (a) aerosol mass concentra- Cers o :

tions (PM10) measured at EPA GuTing station and (b) Flgu_re 6: Height distribution o_f acrosol Angstrom co-
Angstrom coefficients measured by nephelométer at effictent measured by RCEC Lidar,

NTU.
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NTU). Good agreement was found between these two
instruments indicating that the lidar observed aerosol
layer (300 m ~ 1500 m) has similar characteristics
to the surface layer. Figure 8 shows the time series
of lidar depolarization ratio versus height and the near
by particle concentration (PM10) measurements (EPA
XiZhi station). Comparing A(300 m) value with PM10
between 2/14 12:00 and 2/17 12:00 (Fig. 9) results in a
the correlation coefficient of R2=0.604. According to
ground based measurements, the rising of PM10 value
is cause by dust, therefore, this high correlation implies
that the changing of depolarization ratio should be as-
sociated with the dust.

For Asian dust, the A value is found to be varied
from 0.1 to 0.3 [4; 5], which is much higher than the A
value we found during this dust event. Since this dust
event is transported within boundary layer, the shape
of dust may be changed by coating with water vapor
and other pollutants which may lead to lower the dust
depolarization ratio, Of course another possible rea-
son could be that spherical aerosols may still contribute
more scattering than dust. More evidence and studies
are needed to answer this question,

4 Summary

The scaltering properties of Asian dust arrive northern
Taiwan during 2/14 ~ 2/17/2004 are summarized as
follows: :

1. The maximum height of dust layer is lower then
1.5 kan. Lidar measured backscattering ratic and
Angstrom coefficient show good agreement with
nephelometer results.

. The depolarization ratio of dust is about 0.03. The
Angstrom coefficient of dust is about 1.

. The concentration of coarse mode particles is
about 5 times than of local pollutants. The non-
solvable particles contribute about 2 times mass
more than non-dust periods.
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Fignre 7: The comparison between lidar measured
Rg32(300 m) values with total scattering coefficient
(550 nm) measured by nephelometer (NTU).
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Figure 8: (a) Lidar depolarization ratio at varies heights
(above 300 m) (b) PM10 measured at XiZhi.
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Figure 9: Comparing A(300 m) values with PM10 be-
tween 2/14 12:00 and 2/17 12:00. Yields a comelation
coefficient of R2=0.604.
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