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Abstract:

Elastic and polarization lidar was used to measure the vertical profiles of aerosol backscattering coefficients at
wavelengths of 355, 532, 735, and 1064 nm, and the depolarization ratio at 532 nm in order to study the aerosol
properties in the free troposphere over Tsukuba, Japan, in 2006. The particle size distribution (mode radii),
number (and volume) concentration, and optical thickness were estimated from the lidar-derived values and the
theoretical computation. The mode radii estimated from the lidar were consistent with those obtained from the
sky-radiometer measurements, although the sky-radiometer revealed another mode in the larger radius. The
column volume concentration derived from the lidar was 16 or 48% lower than that derived from the
sky-radiometer. The optical thickness derived from the lidar was 12% lower or 29% higher than that obtained

from the sky-radiometer.
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Table 1
355, 532, 735, 1064 nm 532 nm
15 3 75 m
1.45 km (532 nm 80 m) 15km
(R4 ) B K,
o, Sakai et al. (2007)
150 m
2006 4 1 10
19 36.1°N, 140.1°E
Table 1. Specification of lidar used in this study
Lidar type Multiwavelength lidar Polarization lidar
Transmitter
Wavelength (nm) 355 532 1064 735 532
Laser type Nd: YAG Nd:YAG Nd: YAG-pumped Nd:YAG
Repetition rate (Hz) 20 20 10 10
Energy/pulse (mJ) 80 40 550 16 200
Beam divergence (mrad) 0.125 0.125 0.125 0.4 0.2
Receiver
Telescope type Nasmyth Schmidt-Cassegrain ~ Schmidt-Cassegrain
Diameter (m) 0.5 0.35 0.2,0.4
Field of view (mrad) 3.0 2.2 3.0,2.0
Detection wavelength (nm) 355 532 1064 735 532/, L
Filter bandwidth (nm) 0.50 0.57 0.46 3.00 0.50
Detection mode* PC and A/D PC and A/D PC and A/D
Range resolution (m) 7.5 7.5 7.5
Temporal resolution 15 3 3

*PC: Photon counting. A/D: analog-to-digital conversion.
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Fig. 1: Vertical distribution of the particle optical properties that were obtained with the lidar for the period
00:01-05:03 JST on 1 April (a) and 02:01-06:45 JST on 19 October (b) 2006 over Tsukuba.
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Fig. 2. Scatter diagrams of wavelength exponent of aerosol backscattering coefficient as a function of
depolarization ratio. The wavelength exponents were between 355 and 532 nm (a), 532 and 735 nm (b), and
532 and 1064 nm (c). Solid diamonds indicate the measured values. Open symbols (circles for the fine mode
and triangles for the coarse mode) denote the computed values for which the mode radii varied from 0.02 to 0.4
um and 0.2 to 2.0 um. Numbers (0 to 1) on a solid line with open squares represent the ratio of coarse to total
particles; the mode radii was 0.3 um for the coarse mode and 0.1 pum for the fine mode.
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Table 2 In rg'=In g + In20 0.2 um
1.3 um
3.62 um

4 1 0.19 pm*um™ 10 19 0.12 pm3um™

4 1 48% 10 19 16%
4 1 044 10 19 0.67
4 1 050 10 19 0.52 10 30%
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Fig. 3. Column particle volume size distributions estimated from the lidar measurements (solid line with
diamonds) and those derived from sky-radiometer measurement (dotted line with squares) over Tsukuba on 1
April (a) and 19 October (b) in 2006. The error bars denote the uncertainties estimated from the lidar signal.

Table 2. Result of the comparison of the aerosol properties derived from the lidar and

sky-radiometer measurements
Estimated aerosol properties

Measurement Volume mode radius Column volume Optical thickness
(um) concentration (um>um) (532 nm)

Lidar 0.2, 1.3 0.19%0.12° 0.44% 0.67°

Sky-radiometer  0.25, 1.69°-1.16", 3.62 0.37% 0.14° 0.50% 0.52°

a: 1 April 2006, b: 19 October 2006
4,

2006 4 1 3 8.5 km -0.1
0.5 25% 2006 10 19 1.5 5 km
1.0 1.6 1 13%
0.1um 0.3 um
48%

16%
10% 30%

1) Y. Mano, Appl. Opt. 39, 5541-5546 (2000).
2) K. Okada et al., Geophys. Res. Lett. 28, 3123-3126 (2001).
3) T. Sakai et al., Atmos. Chem. Phys. Disc. 7, 10179-10203 (2007).





