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Abstract. Lidar measurements at 4 wavelengths and two polarizations were per-
formed during the SESAME campaign in Sodankyld, Finland (67.37N, 26.65E).
Using the wavelength dependence of the particle scattering the aerosol size distri-
bution and the refractive index of the PSC particles were retrieved. A liquid PSC
with a refractive index of 1.36 could be observed. We assume that this PSC con-

sists of ternary solution particles in contradiction to the NAT-hypothesis.

1 Introduction

Polar stratospheric clouds (PSC) play a major role in the process of Arctic and Antarctic
ozone depletion due to heterogeneous chemical reactions responsible for chlorine acti-
vation, and particle sedimentation redistributing nitrogen species in the stratosphere.
Therefore the phase, size and the composition of PSCs should be known. PSC can be
divided into PSC type L, observed at temperatures some degrees above the ice frostpoint,
and PSC type II consisting of water ice particles occurring at temperatures below the

frostpoint. PSC type I can be subdivided into aspherical (type Ia) and spherical (type Ib)
particles. Measurements of gas phase HNO, removal in presence of PSCs and labora-
tory studies led to the assumption that PSC type I consist of nitric acid trihydrate and the
particle shape depends on the cooling rate [1]. '

However the explanation of PSC I based solely on the NAT-hypothesis can not explain
a large amount of data [2], and other compositions like liquid supercooled ternary solu-
tions (STS) of H,0, HNO, and H,SO, are discussed now [3]. )
Multiwavelength, 2-polarization lidar measurements give information about the size

distribution, refractive index and physical state of the cloud particles.
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2 Experimental Setup

The aerosol lidar used here was designed to measure the particle backscatter in a wide
range of wavelengths using a Nd:YAG laser at 355, 532 and 1064 nm together with a
Ti:Sapphire laser at 750 nm and simultaneous detection of all wavelengths. Two addi-
tional detection channels acquired the cross polarized signals at 532 and 750 pm. The
use of a 0.15 nm (FWHM) bandwidth filter at 532 nm, reduces the Rayleigh signal
contribution in the cross polarized channel to only 0.36 % by suppressing the rotational
Raman lines. This allows a very high sensitivity for nonspherical particles. From the
retrieved Mie backscatter coefficients at the four wavelengths we determined the aero-
sol size distribution of the PSC particles and their refractive index using an algorithm
based on Mie theory [4].

3 Observations

On Jan. 19, 1995 we observed a PSC with a scattering ratio up to 3.5 at 532 nm in an
altitude range from 19.5 to 24 km (Fig. 1). The aerosol depolarization
()

mol

§=(R-1)/(R-1)*§

was below our detection limit of 0.36 %. This proves the presence of spherical (liquid)
particles. Here §__ denotes the depolarization of the Cabannes line of the molecular
atmosphere with 8_ =0.365 % [5], R and R are the scattering ratios at the perpendicu-
lar and parallel detection channel. We retrieved the size distribution and the refractive
index of the particles assuming a monomodal lognormal size distribution.
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Fig 1: Aerosol depolarization and scattering ratios at 4 wavelengths for a PSC
measured on Jan. 19, 1995.
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Fig 2: Parameters of the aerosol size distribution, r-median and width o (upper left),
refractive index (upper right), number density (lower left) and surface area density
(lower right) for the PSC observed on Jan. 19, 1995.

Our algorithm scans size distributions with refractive indices from 1.33 to 1.53, median

radii from 0.05 to 1 um and o from 1.2 to 1.9. Within the PSC, only particles with
refractive indices between 1.33 and 1.38 yield backscatter coefficients that match the
measured values within our experimental error limit of + 10 %. Because the refractive
index of water is 1.33, this result indicates a high water content of the particles as it
would be expected for STS. The median radius of the particles was retrieved to (0.640.1)
um and the width of the size distribution was ¢ = 1.35+0.04. Although the real size
distribution might be multimodal the description by monomodal parameters is a good
approximation since the smaller particle mode (typical I .4 <0.1 um) yield only a small
contribution to the optical signal [6]. The surface area density of the PSC was deter-
mined to approximatly 20 pm?/ cm?. Below the PSC we found refractive indices be-
tween 142 and 1.46, and a median radius of (0.25£0.15) wm. This result is typical for
sulfuric acid background aerosol.
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The local radio sounding (Fig. 3)
shows that the temperature drops be-
low the condensation temperature of
NAT at 15 km altitude, but no PSC
could be observed in the altitude range
from 15 up to 19 km. At 19 km the
temperature is below the temperature
range where formation of supercooled
ternary solution particles (STS) is very 16
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efficient. This is assumed 3-4 K below C

T, The existence temperatures used B 5 o
here were calculated using an arctic 12 ST P \\. [N
LIMS profile for the nitric acid con- 130 190 200

tent and a water vapor mixing ratio of Temperature [K]

5 ppim. Fig 3: Local temperatures for Sodankyli at

19/01/95 and existence temperatures for
NAT, STS and ice

4 Conclusion

The PSC observation presented in this paper can not be explained with the assumption
of NAT particles. The altitude range of the liquid PSC corresponds much better with the
height, where the temperature is below the formation temperature for liquid ternary
solutions. The refractive index shows a high water content of the observed PSC as ex-
pected for STS particles.
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