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Increase of the Background Stratospheric Aerosols Observed by the Lidar Measurement
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Abstract

Stratospheric aerosols play very important role on global climate change through the direct and indirect
effect. Lidar observations of the stratospheric aerosol layer have been carried out at the three mid latitude
sites on the both hemispheres. Evolution of the volcanic aerosols originating from the 1991 Mt. Pinatubo
volcanic eruptions, and the subsequent trend and seasonal variations of the background aerosols, are
evaluated. Stratospheric aerosol drastically increased to about 30 to 100 times of the background level after
the eruption, and returned to calm condition after about five years. The background aerosols over Lauder,
New Zealand (45°S) increased after around 2000. The increasing rate observed over Lauder is about
3.8%/year from 2000 to 2009.
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Table 1  Typical specifications of the three lidar stations since one or more systems were operated at the
sites. Several systems are in operation usually at Tsukuba, and two generations of the systems were operated
at Naha. A single system was used for the whole observation period at Lauder.

Station Tsukuba Nana Lauder
as of Nov. 1997 Oct. 1992 Nov. 1992
Transmitter
Laser Nd:YAG (SHG)
Wavelength 532.07nm
Pulse energy 225m] 130mJ 135m]
Pulse repetition 20Hz 20Hz 10Hz
Beam divergence 0.1mrad 0.2mrad 0.2mrad
Receiver
Telescope type Newtonian Schmidt Cassegrain
Telescope diameter 500mm 254mm
Field of View 3.0mrad 2.0mrad
Polarization None Pand S
Gate width 75m 6m minimum, 96m nominal
Detector PMT (R331) PMT (R1332)
Signal Processing Photon Counting

* The other system(s), which has/have capability of the polarization measurement, is/are in
operation any time.
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Fig. 1 Time evolution of the lidar backscattering ratio profiles observed at the three sites of Tsukuba (top),
Naha (middle) and Lauder (bottom). Tropopause altitude is superimposed by the black line.
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Table 2 Characteristics of the Pinatubo and the background aerosols. The background aerosols are

determined from a period from October 1997 to September 2001.

Station e-folding time Maximum IBC of Ratio of Background IBC Amplitude of Ratio of
of Pinatubo the Pinatubo  MAXigc to (BG) annual variation of Vamp to
aerosols  aerosols (MAXigc) (Oct. ’97-Sep. '01) BG (Vamp) BG
Tsukuba (36N) 1.14 year 7.20x1073 gr! 59.5 1.21x104 syt 6.84X107% sr! 0.56
Naha (26N) 1.29 year 5.21x1073 gr! 96.4 0.54%104 sr! 0.67x10% sr! 0.12
Lauder (459) 1.37 year 4.49x1073 sr! 31.6 1.42x104 sr'? 1.73x105 sr't 0.17
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Fig. 2 Monthly mean IBC (dashed thick) and
fitted background lines (solid thick) of the three
stations of Tsukuba (top), Naha (middle) and
Lauder (bottom). Thin lines show the residuals of
the IBCs and thin line + “ % show the fitted lines of
the Pinatubo aerosols.
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Fig. 3 Same as the bottom panel of Fig. 2 but
including the linear increasing term for the fitted
curve (solid thick) and estimated Pinatubo aerosols
(thin line + “%*”) and residuals of IBC (Thin line)

are shown.
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