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Abstract: The volcano El Chichon (Mexico) erupted violently over several
days at the end of March and at the beginning of April 1982. After the eruptions
a sudden increase of backscattered light from the stratospheric aerosol layer was
detected by a lidar (0.6943 um) at Nagoya (35°N, 137°E) in mid-April 1982, At
the end of May the observed scattering ratio reached the maximum value about
44. The effect of the eruption of El Chichon on the stratospheric aerosol layer
seems to be larger than that of the volcan de Fuego eruption or Mt. St. Helens
eruption.

Immediately after the eruption, an apparent two-layer structure of scattering
ratio profiles was observed. According to the radio sonde data over Japan, the
aerosols in the upper layer were possibly transported by easterly wind and those
in the lower layer by westerly wind, respectively. After September 1982 the
centroid height of particulate backscattering and the main peak height decreased
gradually due to the effect of sedimentation.

1. Introduction

Lidar systems have been used to monitor the stratospheric aerosol content for
over twenty years. One advantage of the lidar technique is that vertical profiles of
aerosol distribution can be obtained routinely on clear nights. Therefore, lidar
measurements have given a lot of valid information about spreading and transport of
volcanic dust. And these measurements also help to know the extent of the variation
of the stratospheric aerosol content and to estimate the effect of volcanic eruptions
on climate (POLLACK ef al., 1976). Increase of the aerosol content and subsequent
decline of it after large volcanic eruptions have been reported by many researchers,
for example, GrRAMs and Flocco (1967) after the Mt. Agung eruption in 1963, and
RuUsSELL and HAKE (1977), HIRONO et al. (1977), McCoRrMICK et al. (1978) and IWASAKA
(1980) after the volcan de Fuego eruption in 1974,

After the decay of the volcan de Fuego eruption, from 1977 to 1979 the aerosol
content in the stratosphere was nearly of the background level. This “quiet period”
in the stratosphere was terminated by the La Soufriere and Sierra Negra eruption in
1979 (KENT and PHILIP, 1980; FUJIIWARA ef al., 1982) and Mt. St. Helens eruption in
1980 (REITER et al., 1980; D’ALTORIO ef al., 1981; HIRONO et al., 1981). However,
one year after the eruption of Mt. St. Helens, the aerosol content in the stratosphere
was reduced to almost the background level (REITER ef al., 1982a). 1In 1981 another
increase of the stratospheric aerosol content due to the Mt. Alaid eruption was
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observed with balloon-borne measurements (HOFMANN and ROSEN, 1981) and ground-
based lidar (REITER et al., 1982a), and in January 1982 so-called “mysterious cloud”
of unknown source was reported in Japan (HiroNo, private communication), Ger-
many (REITER et al., 1982b) and other places (Scientific Event Alert Network (SEAN)
Bull., 1982).

In March and April 1982 the volcano EIl Chichon in Mexico (17°N, 93°W)
erupted violently over the period of several days (SEAN Bull., 1982). These eruptions
transported extremely large amounts of gaseous and particulate matter into the strato-
sphere, and large amounts of volcanic aerosols were superimposed on the “mys-
terious cloud””. In mid-April 1982, a tremendously large sudden increase in backscat-
tered light was observed by ground-based lidars in Hawaii, Japan, U.S.A. and Germany
(SEAN Bull,, 1982; HIRONO and SHIBATA, 1983 ; IWASAKA et al., 1983). And the ob-
tained values of scattering ratio were larger than any values ever obtained after large
volcanic eruptions in the past two decades.

This paper describes stratospheric lidar measurements obtained at Nagoya,
Japan (35°N, 135°E) for a period of 8 months (April 1982-December 1982) showing
a sudden tremendous increase in the stratospheric aerosol content after the eruption
of E1 Chichon. The dense aerosol cloud with scattering ratio about 5 was observed
even in March 1983. Therefore, it seems that the effect of the E1 Chichon eruptions
on the stratosphere is long lasting. Further observations and examination are neces-
sary to study the decay time of the volcanic aerosol content.

2. Lidar System and Data Analysis

The lidar system used here consists of Q-switched Ruby laser (4=0.6943 pm)
which produces an output of 0.1-1.0 J/pulse and a 40 cm Newtonian type telescope.
A mechanical shutter is used to eliminate laser fluorescence. Parameters of this lidar
system are described in detail by IwasAKA et al. (1976), and IWASAKA and IsoNoO
(1977).

The profile of backscattering coefficient or scattering ratio is obtained from the
average value of the returned signal of a few hundred laser pulse firings. The scatter-
ing ratio R(z) is the ratio of the total atmospheric backscatter to the backscatter ex-
pected from a molecular atmosphere;

R BB 0

where

B: backscattering coefficient due to Mie scattering of aerosol,

B.: backscattering coefficient due to Rayleigh scattering of atmospheric mole-

cules,

and z represents the altitude. R(z)—1 shows the ratio of 8um/B. Which corresponds
to the optical mixing ratio of aerosols.

The vertical resolution of the averaged profiles is 1.5 km. To distinguish the
backscatter due to aerosol particles from the backscatter due to air molecules, the
profile was normalized to the backscatter from an “aerosol free” region either above
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or below the main aerosol layer (RUSSELL et al., 1976) and the backscatter from a
molecular atmosphere was calculated by using “U.S. Standard Atmosphere” (U.S.
Government Office, Washington, D.C., 227 p., 1976).

3. Lidar Measurements

In Fig. 1b, 36 profiles of R(z) measured at Nagoya during the period from April
10 to December 27 in 1982 are shown (IWASAKA et al., 1983). One sample profile
(Fig. 1a) before the eruption of Mt. St. Helens (April 2, 1980) which shows the back-
ground aerosol content level was compared with those profiles.

The increase of scattering was measured first in the height range of 27.0-28.5 km
on April 19 and the scattering ratio (R) was 1.6 (IWASAKA et al., 1983). From April
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22 to the beginning of July, the apparent two-layer structure was observed except at
the end of June. The peak value of R of the upper aerosol layer suddenly increased
to 14 on May 4, and after large fluctuations, it reached the maximum value 44 on
May 21 at a 24.0-25.5 km level. Afterwards the peak value of R decreased gradually.
From mid-July to early August, nearly all of the increased scattered light returned
from the region below 24 km and the peak values of R were 4-5. After September the
R(z) profile formed a single broader peak and the height of the peak was about 24 km.
The time-height cross section of the backscattering coefficient is shown in Fig. 2.
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Fig. 2. The time-height cross section of particulate backscattering coefficient during the period

of April to December 1982.
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The value of April 2, 1980 is shown by dashed line.
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The densest aerosol layer appeared at the end of May at about 24 km with the value
about 7x 10~ "m™!sr™1,

In Fig. 3, the time series of the integrated backscattering coefficient from 12 to
30 kmis shown. The level of the aerosol content of April 1980 is indicated by a dashed
line. In May 1982 the integrated backscattering coefficient increased to as large as
3x107%sr~! and afterwards gradually decreased until August. However, after Sep-
tember, it increased again as large as that of May.

4. Aerosol Transport

As mentioned in Section 3, the two-layer structure of the scattering ratio profiles
was observed continuously from the end of April till the beginning of June. Ac-
cording to the radio sonde data, wind was casterly at the altitude of the upper aerosol
layer over Japan while it was westerly at the lower layer. In Fig. 4, E to W com-
ponent of the wind over Shionomisaki (about 200 km west of Nagoya) is shown. The
figure reveals that the stratospheric winter regime was still dominating during the
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Fig. 4. Westerly-easterly component of the wind over five stations of Japan
at 30 and 50 mb levels from April to June 1982.

mid-April. During the period from the end of April to the beginning of May the
stratosphere was in a state of change from the winter to summer regime. From the
scattering ratio profiles shown in Fig. 1, it is found that the boundary altitude of the
two aerosol layers during the period from the end of April until the beginning of June
was about 21 km which corresponds to the altitude where wind shifted from westerly
to easterly.

In Fig. 5, the wind data at 30 and 50 mb levels in Japan and the scattering ratio
at the corresponding altitude are compared. The five stations (Wakkanai, Sendai,
Shionomisaki, Kagoshima and Naha) are located at nearly equal intervals of latitude
and they cover all over Japan. It is found that the scattering ratio increased at both
levels when wind direction changed from westerly to easterly. That is, the scattering
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Fig. 5. Time-height cross section of westerly-easterly component of the wind over Shionomisaki
from April to June 1982.

ratio increased when easterly stream line of air containing highly concentrated aerosols
came over Japan. At 100 mb level (about 17 km) corresponding to the lower aerosol
layer, wind was continuously westerly. Therefore, volcanic aerosols in the upper
aerosol layer above 21 km would be transported by easterly wind while those in the
lower layer would be transported by westerly wind and they reached almost at the same
time over Japan coincidently. As a matter of fact, it is reported that the dense aerosol
cloud with scattering ratio of 222 in the height range 24.5-26.2 km was detected on
April 10 and 11 by the lidar in Hawaii (20°N, 155°W) (SEAN Bull., 1982).

5. The Effect of Sedimentation

In Fig. 6, the time variation of centroid height of particulate backscattering (5n)
is shown. The centroid calculations were restricted to the altitude range 12-30 km.

That is,
hc=§:ﬁm(z)-2dz/ || Buerdz. @

where 4, presents the centroid height of backscattering coefficient, z;=12 km and z,=
30 km. However, during the period from the end of April to mid-June when the two-
layer structure was observed, the calculations were performed both for the centroid
upper than about 21 km and for the centroid below 21 km separately. These two
regions almost correspond to easterly wind region and westerly wind region as men-
tioned in Section 4.

On April 2, 1980 the height of the centroid was about 18 km. At the beginning
of April 1982, however, it was as low as 13-15 km possibly because of the effect of
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Fig. 6. The time variation of the centroid height. The calculations were restricted to the 12-30
km range (black dots). During the period from April 22 to June 15, calculations were
performed for the upper aerosol layer (above 21 km) and the lower aerosol layer (below
about 21 km) separately (white dots and crosses).

“mysterious cloud” (see Section 3). After April 19, the height of the centroid rose
suddenly. In May the centroid of the upper layer almost corresponds to the main
peak height, because highly concentrated aerosol existed around the main peak. In
July and August, though only a few observations were performed because of cloudy
weather, it is found that the centroid height was as low as 18-19 km. At the begin-
ning of September the height of centroid rose suddenly again and afterwards it de-
scended gradually possibly due to sedimentation. The mean descending speed of the
centroid height from September to December is about 14 m/day.

In Fig. 7, the time variation of the main peak height of scattering ratio (R) and
particulate backscattering coefficient (3,) from September to December is presented.
The mean descending speed of the main peak height is about 30 m/day, that is 3.5
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10~% cm/s. From a rough estimation (KASTEN, 1968), it corresponds to the falling
speed of a particle of 0.5 yum radius around 20 km. Falling speed of a particle de-
pends on altitude, therefore the radius of a particle cannot be estimated from the
falling speed of centroid. And removal of aerosols from the stratosphere through the
tropopause due to sedimentation can also reduce the falling speed of centroid because
these calculations are restricted to the altitude range higher than 12 km.

As shown in Fig. 3, the integrated backscattering coefficient increased after
September. From Fig. 1, it is found that in mid-July and August the dense aerosol
layer which was observed persistently at about 24 km until the beginning of June
disappeared and it appeared again after September. This appearance of the dense
aerosol cloud therefore caused the rise of the height of centroid and caused the in-
crease of integrated backscattering coefficient in September. The low values of
integrated S, obtained from mid-July to August would be due to the inhomogeneity
of horizontal distribution of aerosols. To interprete the increase of the integrated
Bw from the beginning of September to the end of November, it might be necessary to
take into account microphysical processes (gas to particle conversion and so on) as
well as the inhomogeneity of horizontal distribution of aerosols.

6. Error Calculation

For the background aerosol content level, extinction of the lidar beam in the
stratosphere does not affect the backscattering coefficient seriously. However, as
for measurements reported here the effect of extinction is not negligible.

Attenuated backscattering coefficient is written as follows;

F@=5): exp (2] ou@raz), ©

where

B’ measured (attenuated) backscattering coefficient,

B : real backscattering coefficient,

c,: extinction coefficient.

Here we assume the ratio of the volume backscattering coefficient to the ex-
tinction coefficient (k) is 1/65 st™! from the estimation by PINNICK e? al. (1980). This
estimation is based on the assumption of sphericity of particles. The propriety of
this assumption is not confirmed because our results of depolarization measurements
indicate the existence of non-spherical particles. However, now we assume k=1/65
as the first approximation.

From PLATT (1979),

Sﬁ@’(z)dz:%{l—exp[——%gfﬁ(z)dz]} . 4
Rearrangement of eq. (4) gives
A )

r  kIn[1—27/k]°

where 7’ and 7 present integrated particulate and molecular backscattering coefficient
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from z, to z; for attenuated and non-attenuated cases.

The results calculated from eq. (5) show that extinction is only a few percent for
7'<<107* sr™!, but it causes serious underestimation for 7'>10"*sr"'. From Fig. 2,
underestimation of integrated particulate backscattering coefficient would amount
to at most 30%. The altitude of normalization is mainly taken near tropopause, but
for some cases it is taken above the main aerosol layer. The scattering ratios depend
also on the altitude of normalization. The effect of normalization altitude on the
scattering ratio at the aerosol main peak height amounts to 30% at most and the
effect on integrated backscattering coefficient amounts to 20% at most. When the
altitude of normalization is taken above the main aerosol layer (about 28 km), the
error caused by the extinction is comparable with that caused by the lack of photon
number at the normalization height.

Therefore, to discuss the change of scattering ratio profiles in detail, it is necessary
to take extinction into account and also to choose the altitude of normalization
carefully.
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