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ABSTRACT 

The vertical distribution of stratospheric aerosols 

has been measured with lidars at the 

Meteorological Research Institute (MRI) over 

Tsukuba since 1982. After two major volcanic 

eruptions (Mt. El Chichón in 1982 and Mt. 

Pinatubo in 1991), stratospheric aerosol loading 

increased about 50–100 times compared with the 

background level which was observed for 1997-

2000. From 2000 to 2012, a slight increase (5.3% 

year–1) was observed by some volcanic eruptions. 

This long-term lidar data have been used for 

assessing of impact of the stratospheric aerosols 

on climate and the ozone layer. 

 

1. INTRODUCTION 

Stratospheric aerosols are submicrometer-size 

particles present persistently at altitude ranging 

from 10 to 30 km. The amount of the stratospheric 

aerosols increases more than tenth of times after 

the large volcanic eruptions that inject SO2 gas 

into the stratosphere. Recently, several researchers 

[1, 2] have reported the increase of the 

stratospheric aerosol loading after 2000. The 

influence of the increase of the stratospheric 

aerosols is non-negligible on the Earth’s radiation 
budget because they reflect solar light to space 

and reduce the incoming solar radiation [3, 4]. 

The stratospheric aerosols also affect ozone by 

serving reaction surface that result in ozone loss 

[5]. To understand the influences of stratospheric 

aerosol on the climate, we are necessary to 

monitor the vertical distribution of aerosols.  

The MRI has been measuring the vertical 

distribution of the stratospheric aerosols over 

Tsukuba (36.1°N, 140.1°E) with lidar [6, 7]. This 

paper reports the result of the observation over 30 

years and studies the long-term variation of the 

stratospheric aerosols 

2. METHODOLOGY 

We have used six lidar systems for monitoring the 

stratospheric aerosol over Tsukuba since 1982. 

After the El Chichón volcano erupted on April 

1982, we have started the measurement with a 

ruby lidar at a wavelength of 694.3 nm. It was 

operated until 1987 when the influence of the El 

Chichón volcano on the stratospheric aerosols 

almost ceased [8]. After that time, we have 

employed Nd:YAG lidar systems operating at a 

wavelength of 532 nm since 1988. Since  April 

2002 we have employed unmanned system that 

continuously measures the aerosols in the 

stratosphere and troposphere for 24 hours.  

We compute the backscattering ratio by 

employing the method of Fernald [9]. We 

assumed the extinction-to-backscatter ratio (lidar 

ratio) to 35–50 sr depending on the period 

according to the balloon borne measurements [10, 

11]. The atmospheric density was derived from 

radiosonde observation launched 250 m northeast 

of the lidar (Tateno Aerological observatory). At 

the altitude range where radiosonde data was 

unavailable (usually above 35 km) we used U.S. 

Standard Atmosphere (1976). In this study, we 

reanalyzed the data by taking absorption by ozone 

into account. The vertical profiles of ozone were 

obtained with ozonesonde launched from Tateno 

Aeorological Observatory every week. 

3. RESULTS  

Figure 1 shows the temporal variation of the 

vertically integrated aerosol backscattering 

coefficient (IBC) over Tsukuba from 1982 to 

2012. The altitude ranges of the integrations are 

from 16.5 km and 30.5 km. For the data taken 

with the ruby lidar (694 nm) from 1982 to 1987, 

we converted the IBC values to those at 532 nm 

by using the conversion factor proposed by Jäger 

and Hofmann [12]. The orange tick marks on the 

top of Fig. 1 show the period of large volcanic 
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eruptions with Volcanic Explosivity Index (VEI) 

≥ 4. 

   The values of IBC increased rapidly after the 

eruptions of El Chichón (17.3°N, 93.2°W) on 

April 1982 and Mt. Pinatubo (15.1°N, 120.4°E) 

on June 1992. The maximum values of IBC were 

3.110−3 sr−1 on July 2 in 1982 and 5.810−3 sr−1 at 

February 22 in 1992. These values are 62 and 116 

times larger than the minimum value (5.0110−5 

sr−1) during the period from October 1997 to 

September 2001 when the influence of volcanic 

eruptions was at minimum (annual average of 

blue line in Fig. 1). The corresponding aerosol 

optical thicknesses were 0.16 and 0.29, 

respectively, assuming the aerosol lidar ratio as 50 

sr. After the eruptions the IBC value decreased to 

the background level over 6 years. 

4. DISCUSSION: Increase of IBC from 2000 to 

2012 

The IBC value slightly increased from 2000 to 

2012. The rate of increase was 1.0610−5 sr–1year–

1 (5.3% year–1). The increase of IBC after 2000 

has been observed at Mauna Loa and Boulder in 

the United States [1] and Lauder, New Zealand 

[6]. Vernier et al. [2] suggested that the major 

reason for the increase was volcanic eruptions 

with VEI ≥ 4. We notice that the IBC between the 
tropopause and 16.5 km (not shown), which was 

unavailable from satellite observation, increased 

significantly during the period. The increase of the 

stratospheric aerosols cancel the global warming 

by the increase of anthropogenic carbon dioxide 

[3, 4]. Thus, it is important to continue monitoring 

the stratospheric aerosol and studying the trend. 
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Fig. 1: Long-term variation of vertically integrated aerosol backscattering coefficient (IBC) at 532 nm 

between altitudes of 16.5 and 30.5 km over Tsukuba from 1982 to 2014. Thick black and thin red lines 

show the monthly mean and raw IBC values observed with the lidar. Blue line shows background values 

estimated by fitting a sinusoidal function to the observed values between 1997 and 2002. Orange tick 

marks on the top show the period of large volcanic eruptions. 
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