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ABSTRACT

Monitoning of stratospheric dust particles after the Pinamubo Voleano eruptdon, June 1991,
has been made with a two-wavelength lidar, A aovel two-wavelength particle backseattering
rano, R,;, was used to observe the smatospheric pasticle distribnion with altitude. Thiz rato is
defined as a ratio between parucle backscattering signal at 532 nm and particle backscanering
signal at 355 wn. Different parucie group in the aumosphere presents different two-wavelength
particlc backseattering ratio. By observing this two-wavelength particle backscanering mto
profiles, we notced the presence of ditferent particle groups in stratosphere and the sedimentation
of the Pinarubo volcanic particles. The changing of two-wavelength particle backscattering rato
and wavclength dependence values at latter tme are discussed.

INTRODUCTION

Rayleigh lidar techmiqué 15 a vaique tool to observe the
stratospheric dust  Iryer,

presented in terms of ldar backscater mano,

(B,Z)+ B(2) o

R(Z) = BH(Z-] 1

where B (Z) and B (2) are respectively, the aerosol and molecular
backscattenng signals.  The upper term. B (Z)+B (D), is
proportional to the lidar signal ames the squared distance, Z, from
ground. In our study, the model of U.S. Standard Aunosphere,
1976 was used for molecular density estimagon, A backscatter
ratio R{Z) = I represents an aerosol (cloud) free aunogphere. The
backscatier ratios, R, and R,, at two wavelengths, 532 and 333 nm,
and the novel two-wavelength particle backscaticring rado, K,

were used 1o obscrve the soatospheric partucije distributon with-

alatude during the Penn State LADIMAS (L Autudinal Distribution
Middle Amnospheric Juucture) Campaign 1991,

TWOQ-WAVELENGTH LIDAR DETECTION OF
STRATOQSPHERE

During October 8, 1991 and January 2, 1992, the Penn State.

LAMP (Laser Atmospheric Méasurements Program) lidar was on
board the German research vessel RV POLARSTERN to study the

To separate the partcle scatering
components {rom the total roturn signal, the hdar profiles are-

and,

B,
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R(Z) = 1+

where, subscripts / and 2 represent the measurements from 532 nen
(green) and 355 nm (UV), respectively.

The backscatter rato profiles, R(Z), from ground to 40 bm
for a thirty-minute integration period at 22:00 UT on 22 November
1991, at both 532 rom and 355 mm, are shown in Figure 1, By
assuming a particle free atmospherc abave 40 km, the normalizaton
of lidar return profiles 1o Ry(Z) = 1 and Ry(Z) = | were performed
in the region near 40 bn. In Figure 1, the scattering rade profiles
of both 532 nm and 355 nm are close to unity above 35 bn, which
confirmed the assumption of a partcle-free atmosphere above 40
km. The Plnatubo voleanic particle layer caused strong scattering
In the lower stratosphere between 20 and 30 km, and some volcanic
partcles penetrated all the way up 0 33 b,

From the lidar backseatter ratios R, and R,, the backscatter

| signals contributed by particles at both wavelengths, 8,; and B 1

can be calculated as,
Bpt = (R-1)B,, , (4)

and

B, (R~1)B_,, (5)

‘respectvely.  Another way 1o observe the distribution of

| atmospheric particles or clouds is by using the two-wavelength
 particle backscatter rato profile. This ratlo profile is defined as the
'rato of the volume particle backscattering cross-secdon at both
. wavelengths, represented by backscattered signal, at 532 am, <98
1o the backscarttered signal at 355 nm, B,;. as,

Iatitudinal distribution of middle atmosphere structure [Philbrick et
al. 1992; Rau and Philbnck 1994]. Beside the swdy of the
latitudinad distribution of awmospheric structure, this campaign
provided & unique opportunity to monitor the stratospherie dust
layer ladtudinal distribution after the eruption of the Pinatubo
volcano in June 1991, The lidar backscatter ratios for two-
wavelength lidar measurernents, R, and R, are;
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This two-wavelength particle backscatter ratio profile provides a profile at cach wavelength (shown by a domed lne). The two-
measurement of aerosol and cloud propertics. Figure 2 shows an waveleageh particle backscater mtio profile is shown on the right
example JO-munuie integraton of the two-wavelength particle of the figurc. From the couiparison of the two-wavelength particle
vackscauer sutio profile from ground to 40 kon at 22:00 UT on 22, backscatter ratio profiles, Ry, on 29 March 1992 and on 22
November 1091. Although the lidar backseatter ratio profiles,’ : November 1991, we notice the setding of the volcanic aserosol
R(Z), of 532 nm and 355 nm, aro changing with altitude, this two- layer. On the two-wavelength particle backscartter ratio profiles of
, Wavelength partclo backscatier ratio (R);) profile has a nearly - 29 March 1992, there appeared to be two different groups in the
constant value at the stratogpherie voltanic dust layer, from 19 bn alttude region from 17 bon to 32 km. Between 17 and 22 km, the
to 32 k. The value of R,, is about 0.5, and it was nearly constant ratio witt about 0.5, which was about the same as the value that we

- during the three-month period of the LADIMAS Campaign. For ,-oba?wcd d‘uring the LADIMAS measurements, four month carly.
, the cirrus cloud layer between 8.5 and 13 kon, this R,; has a wide . . While at higher altitudes, 22 to 32 b, that rado dropped 1o aboir

‘rango of values. | 0.23. This smaller ratio corresponds to particles with wavelength
For the stratospheric voleanic acrosol layer that we observed dcpcndc?cn q = 3.4, and with size around 025 jor: From the lidar
on the might of 22 November 1991, the particles over this region observations, we concluded that ning months after the Finatubo

were the volcamic acrosols resulting from the Pinatubo voleano crupdon, the volcanic dust laycr at 41 *N latitude with particls size
eruption - m June 1991, By the time of the observation, of 05 1o 0.75 pom had sertled 10 2 lower region, below 22 bn.
sedimentation took away most voleanic dust, leaving only the small Smaller particles, with 8 diameter of about 025 wm, were left in

particles with uniforn size through this region. The uniform size the higher vegion, 22 to 32 kn.
and other properties of the particles 15 deduced from the stable |

valuc of the wavelength dependence. The wavelength dependence, | REMARKS
g, of stratospheric volcanic aerosol layer particle seattering i3
denived from the following reladon, | From the observadons of two-wavelength particle backsca-
 itex ratio profiles, we found that there were usually two or more
EE'. - ( __‘1_“_3),,‘ (7) - groups of particles present in the stratospheric volcanic aerosol
sz A “layer six months after the cruption of Pinatubo Volcano. The
wavelength dependence of stratospheric volcanic particles was
Thus, the wavclength dependence g of statospheric partcle is denved from the IWG‘W“?“:lﬂ“gm particle backscatter ratio with a
~mean value of 1.66. The study of stratospheric particles propertics
Ing 5’.’{) - v:ming two-wavelength  lidar needs further rmesearch  and
B, _improvement.
g = - ; : (8) |
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[tdar observattons of the smatospheric acrosol layer were performed
at Penn State. The measured two-wavelength lidar profiles are
shown in Figure 3. On the left of the figure, the two-wavelength
returms from ground to 40 fon are shown with a model molecular
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Figure 1. The lidar backscatier ratio profiles of 532 nm and 355 am measured at 22:00 UT
on 22 Novembear 1091,
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Figure 2. The two-wavelength particle backscarer ratio (R,;), B,/B.,, measured ar 22:00 UT
on 22 November 1091,
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Flgure 3, The  two-wavelength  lidar return profiles and  two-wavelength  padcie

backscatering rado (R)y) profile measured ar 03:28 UT on 29 March {992,
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