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Abstract A lidar system (694 nm) was used to measure the stratospheric aerosol lay-
er at Zhongshan Station (69°22'S,76°22'E) in 1993. A total of 53 sets of lidar data
presented in this paper were obtained over a period of 224 days between March 27 and
November 5, 1993. The average vertical profiles of stratospheric aerosol backscattering
ratio and the integrated backscatter coefficient over the 12 km~ 30 km altitude range
were reversed from the return signal of lidar. The results of observations show that the
stratospheric aerosol content more noticeably enhanced in 1993 than that in 1990 due to
Mt. Pinatubo eruption in Philippines in June of 1991. Polar Stratospheric Clouds
(PSCs) were observed from late May until early August. The vertical profiles of strato-
spheric aerosol backscattering ratio at Antarctica in 1993 show a clear double-layer
structure. One layer is at an altitude of about 12 km,the other is at an altitude of about
25 km. The upper layer is varied with season.

Key words lidar,aerosol, Polar Stratosperic Clouds (PSCs),ozone hole, backscattering
ratio, integrated backscatter coefficient.

1 Introduction

The extremely dense particle layer which is formed in the wintertime of Arctic and
Antarctic regions in stratosphere is called Polar Stratospheric Clouds(PSCs) (McCormick
and Trepte,1986). In 1973 Stanford noted that an optically thin layer of clouds over
Antarctica had been reported by ground observations in 1949 ~ 1951 (Collins et al. ,
1993). However, the continental scale and seasonal persistence of PSCs was not appreci-
ated until they were observed by satellite in 1979 (McCormick et al. , 1982). One of cur-
rent chemical models relies on the presence of Polar Stratospheric Clouds to explain the
rapid destruction of ozone observed each spring at Antarctica. Some scientists noted that
the clouds condition the stratosphere during the winter for the subsequent springtime o-
zone loss by removing free nitrogen compounds from the lower stratosphere and providing
sites for heterogeneous chemical reactions. Some people including scientists and politician
are interested in the reason of formation and variation of ozone hole at Antarctica, and
paying attention to them. Observations and researches of PSCs have been on-going at sev-
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eral Antarctic sites by lidar, since PSCs was observed by Iwasaka using a lidar system at
Syowa Station (69°S, 40°E) in 1983 (Iwasaka, 1985). Scientists from Italy and United
States observed it using lidar at several Antarctic station (90°S;67°S, 140°E;78°S,167°
E) (Collins et al. , 1993). A lidar system (694 nm) was installed at Zhongshan Station
and operated on March 27, 1993. The lidar data were obtained between March 27 and
November 5, 1993. The observations and some discussions are presented in this paper.

2 Lidar system and method of data processing

The lidar system used here consists mainly of a ruby laser, a transmitting telescope
and a receiving telescope, optical detector and data processing system(Sun et al. , 1986).
A convenient form for expressing the vertical profile of stratospheric aerosol particulate
concentration is the “Backscattering ratio” R(z),which is defined as:

R(z) = [B,(z) + B,(2)]/B,(2) = 1 + B,(2)/B,(z) (1)

where B, is backscattering coefficient due to Mie scattering of aerosol and B, stands for
backscattering coefficient due to Rayleigh scattering of atmospheric molecules.

Generally we use a integrated aerosol backscatter coefficient, IBC(z,,2,), to show
the feature of scattering of aerosol between altitudes z, and z,.

IBC(z,,2,) = -[zzB,,(z)dz = sz[R(z) — 1]B,d=z (2)

where z, is the upper boundary for the altitude integration.,and z, is the lower boundary
for the altitude integration.

Assuming that the size distribution and the index of refraction of stratospheric
aerosols are constant, /BC(z,,z,) gives a measurement of the aerosol loading in the at-
mosphere over the altitude range z, to z,.

All observations were made at night without cloud. The effective measuring range
of lidar system used here is within the limits of 35 km. The height resolution of the mea-
suring data is 7. 5 m. During the data processing, the data had been smoothed. The av-
erage profiles of backscattering ratio in Fig. 1 were obtained from the average value of the
lidar return signal of 10 laser pulse firings and their height resolution is 300 m_Every data
in the profiles is obtained from an average value of 400 data sets of lidar return signal.
The duration for every observation is about 1~2 hours.

3 Observations and discussion
Table 1 presents the observation periods, the peak backscattering ratio, maximum

of R(z) and the integrated backscatter coefficients. The IBC(z,,z,) presented in this pa-
per are calculated over the 12~30 km altitude range.
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Tabel 1. Log of lidar observations at Zhongshan Station, Antarctica

Date IBCX10'(sr™')  R(z)max. Date IBCX10'(sr™")  R(z)max.
March 27 7.3 2.9 August 1 14 4.8
March 31 9.6 3.4 August 7 25.3 8.1
April 1 10. 2 3.3 August 12 1.75 2.4
April 2 12.0 3.3 August 14 - 3.6 3
April 11 13.6 3.5 August 22 7.7 4.5
May 2 6.1 3.9 August 24 10.5 4.7
May 4 6.9 2.7 August 31 2.3 2.5
May 5 3.7 2.2 September 3 7.9 4.4
May 7 3.5 2.4 September 4 10. 9 5.2
May 14 5.7 3.6 September 6 3.6 3
May 23 13.3 4 September 17 16. 3 6. 2
May 24 14. 6 4.5 September 18 14 8.3
May 27 19. 8 5.9 September 19 12 5.9
June 6 9.4 4 October 3 5.6 2.6
June 10 18.9 4.9 October 4 2.1 3.3
June 11 17.9 4.4 October 5 5.2 2.4
June 15 18. 6 5.9 October 9 9.7 4.7
June 27 9.8 3.9 October 10 15. 4 5.2
July 2 17.9 5.3 October 13 9.9 6.7
July 4 13.2 4 October 15 1.9 2.6
July 6 28. 2 5 October 24 5 3
July 9 10. 4 3.8 October 29 10 4. 4
July 12 11.4 4.8 October 31 5.8 3.1
July 19 34 9.1 November 3 13.6 4.6
July 22 10. 4 4.5 November 5 6.7 3.3
July 28 7.2 2.6

Fig. 1 shows some of average backscattering ratio profiles for the observation periods
between end of March and early November in 1993 at Zhongshan Station. Fig. 2 shows
the seasonal variation of IBC. Our observation results show the following facts.

(1)  The maximum valués of R(z) and IBC obtained between March 27 and
November 5 tend to be larger than that at Amundsen-Scott South Pole Station in 1990
(Collins et al., 1993), but smaller than that at Syowa Station in 1983 (Iwasaka,
1985). These differences are due to the enormous increase of stratospheric aerosol partic-
ulate content after Mt. Pinatubo volcanic eruption in Philippines in June of 1991. The av-
erage backscattering ratios observed by Collins using a lidar system (589 nm) at South
Pole Station before late May and after early August of 1990 are less than 1. 3 except Oc-
tober 18 and the integrated backscatter coefficients are less than 1 X10 ‘(sr ') ,close to
1X10 °(sr ). These data show the background levels of Antarctic atmosphere. How-
ever, the peak backscattering ratios are about 2. 2~ 3. 9 and the integrated backscatter
coefficients are about (3.5~10.2)X 10 *(sr ') obtained by us during the period from
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Fig. 1. Profile of' R(z) in Zhongshan Station.

March 27 until May 14 of 1993. The enormous increase of stratospheric aerosol particu-
late content was caused by Mt. El Chichon volcanic eruption in April of 1982. Only one
year after that eruption,the maximum of IBC which were obtained by Iwasaka at Syowa
Station between June and July of 1983,is about 1 X 10 *(sr '). Before June and after
August IBC by Iwasaka are about 5X 10 ‘~1X10 *(sr '); but the maximum of IBC
obtained by us on July 19 is about 3.4X 10 *(sr™"), which is smaller than that obtained
at Sywoa Station in 1983. The reason causing the difference is that our observations were
made after Mt. Pinatubo erupted 21 months late. The content of stratospheric aerosol
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Fig. 2. Seasonal variations of IBC(March,1993~ November,1993).

particulate due to volcanic eruption decreased with time. According to the results ob-
tained in Germany, Japan and Beijing between 1991 and 1993, the stratospheric aerosol
particles must be much more in 1992 than that in 1993 at Artarctica(Sun et al. , 1993).
(2) Fig. 2 shows clearly that the stratospheric aerosol particulate concentration in-
creases from late May until early August. 83 per cent of 18 sets of lidar data obtained be-
tween May 23 and August 7 has its IBC value larger than 1X10 °,but before and after
that period the IBC is almost smaller than 1 X 10 *(sr '). Moreover Antarctic strato-
spheric aerosol layers presented throughout the altitude region between 8 and 28 km in
wintertime. The variation of IBC is relatively small in wintertime. Wintertime enhance-
ment of stratospheric aerosol concentration revealed the presence of PSCs throughout
Antarctic wintertime of 1993.
(3) These small five-pointed stars in Fig. 2 show the IBC obtained in Beijing.
Fig. 3 shows the backscattering ratio profiles measured in Beijing. It is clear that there
are large differences in vertical distribution and total content of stratospheric aerosol be-
tween Antarctica Zhongshan station and Beijing. The dense aerosol layer distributed at
an altitude range of 8 ~17 km could be observed within a period from March 27 to
November 5. but the aerosol particulate concentration varied greatly now and then above
20 km at Zhongshan Station. The stratospheric aerosol layer presented mainly at an alti-
tude range above 13 km in Beijing. The distribution height was lower at Zhongshan Sta-
tion than that in Beijing. The main reason may be due to that the tropopause is lower at
Antarctica than that in Beijing. some radiosonde indicated that the tropopause was locat-
ed at an altitude between 10 and 11 km,or only 8 km sometimes. Additionally the values
of IBC obtained at Zhongshan Station are larger than that in Beijing.
(4) The stratospheric aerosol vertical profiles in Fig. 1 show a clear double-layer
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structure at Zhongshan Station in
1993. The lower layer at an altitude of

3500 35.00
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a period from late March to early g %0.00
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IBC larger than 1 X 10 °(sr™') and ' r " ! p '°
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were detected on November 5, October

10 and mid-September, but they disappeared rapidly. This kind of dense stratospheric
aerosol layer was detected by Collins in 1990(Collins et al. , 1993). He called it isolated
cloud.

It was reported that the rapid destruction of ozone at Antarctica in springtime of
1992 and 1993 was detected. This phenomenon appeared after Mt. Pinatubo volcanic
eruption causing the sudden increasing of stratospheric aerosol particulate content. We
are interested in whether one of main reasons of rapid destruction of springtime ozone at
Antarctica is caused by the increase of stratospheric aerosol particulate, especially the
presence of PSCs in the Wintertime. Its observation and researching work will be done
further and supported by Antarctica science research program.
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