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ABSTRACT

For aerosol typing with lidar, sea salt parti-

cles are usually assumed to be spherical with

a consequently low depolarization ratio. Evi-

dence of dried marine particles at the top of the

humid marine aerosol layer with a depolariza-

tion ratio up to 0.1 has been found at predom-

inately maritime locations on Barbados and in

the Southern Atlantic. The depolarization ratio

for these probably cubic sea salt particles has

been measured at three wavelengths (355, 532

and 1064 nm) simultaneously for the first time

and compared to model simulations.

1 INTRODUCTION

The oceans are a large source of aerosol par-

ticles. The emitted sea salt is a widely spread

aerosol type and serves as cloud condensation

nuclei and ice-nucleating particle over the

ocean [1]. The highly hygroscopic sea salt

particles are usually of spherical shape in

humid marine environments, resulting in a low

particle linear depolarization ratio (PLDR =

0.03±0.01 at 532 nm [2]).

Under dry conditions, sea salt particles have a

cubic-like shape [3]. With increasing relative

humidity sea salt particles grow by water-

uptake. Once a relative humidity of 70-74% is

reached, sea salt particles are spherical [4].

In a laboratory study, Sakai [5] measured the

PLDR of spherical sea salt particles (0.01) and

crystalline sea salt particles (0.08) at 532 nm.

In lidar field measurements, first evidence of an

enhanced depolarization ratio was reported by

Murayama [6] for dry marine particles based

on measurements in Tokyo in 1999, but a clear

separation from a potential dust influence was

not possible.

Recent lidar measurements have been per-

formed in the trade wind zone in the Eastern

Caribbean and in the Southern Atlantic envi-

ronments to study pure marine aerosols.

Pure marine conditions prevailed during the

winter campaign (February-March 2014) of

the Saharan Aerosol Long-Range Transport

and Aerosol-Cloud-Interaction Experiment

(SALTRACE) [7]. The campaign was

conducted at the Caribbean Institute for Mete-

orology and Hydrology (CIMH), located at the

west coast of Barbados (13◦N, 59◦W). From 23

till 25 February 2014 enhanced depolarization

was continuously observed at the top of the

marine aerosol layer (MAL) because of dried

marine particles. The free troposphere was

absolutely dust-free so that no disturbance by

non-marine aerosols was possible. For the first

time, the particle linear depolarization ratio

at three wavelengths (355, 532 and 1064 nm)

of non-spherical sea salt layers has been mea-

sured. A case study of the dry marine particle

depolarization ratio at three wavelengths will

be discussed in section 3.

2 LIDAR SYSTEM

The multi-wavelength polarization Raman lidar

BERTHA (Backscatter Extinction lidar-Ratio
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Temperature Humidity profiling Apparatus) of

the Leibniz Institue for Tropospheric Research

(TROPOS) is a container-based mobile lidar

system. It enables the measurement of the de-

polarization ratio at three wavelengths simulta-

neously. Currently it operates as a 3+2+3 li-

dar system (3 backscatter coefficients, 2 extinc-

tion coefficients and 3 depolarization ratios). A

more detailed description has been given at the

27th ILRC by Haarig [8] and in [9].

The signals are detected with a range resolu-

tion of 7.5 m and a time resolution of 10 s. To

ensure the good quality of the depolarization

measurements, a ∆90◦ calibration [10] was per-

formed regularly. Vaisalla RS92 radiosondes

were launched and the temperature and pres-

sure profiles were used to compute the molecu-

lar contribution to the measured lidar signals.

3 MEASUREMENT EXAMPLE

A very pronounced case of a thin layer of dried

marine particles was observed over Barbados

on 24 February 2014. A well mixed marine

aerosol layer reached up to 2 km (Fig. 1). The

feature of interest is the enhanced signal in

the upper 200 m of the aerosol layer measured

in the 1064 nm cross polarized channel. This

feature is not visible in the color plot of the

1064 nm range-corrected total signal (upper

panel in Fig. 1).

The radiosonde launched at 23:07 UTC shows

a strong temperature inversion of 4 K at 2 km

height (Fig. 2). In the MAL, RH was about

70% to 80%. RH decreased to values of about

5% within about 200 m just above MAL top.

Marine particles lost their water shell and

their spherical shape at the top of the MBL

and this caused enhanced depolarization.

Figure 2 shows the relative humidity profile

from the radiosonde and the 1064 nm volume

depolarization. It can be seen that the volume

depolarization partly reaches 0.06 till 0.08 at

Figure 1: Range-corrected lidar signals for the

1064 nm total channel (upper panel) and 1064 nm

cross polarized channel (central panel), measured

at Barbados on 24 February 2014, 22:12 –

00:27 UTC. RH (lower panel) is derived from the

water vapor channel (407 nm) and the temperature

profile of the radiosonde (23:07 UTC).

the top of the MAL.

The particle backscatter coefficient and the

PLDR for the three wavelengths (355, 532

and 1064 nm) of the BERTHA lidar system

are shown in Fig. 3. In the 2 hour profiles,

a maximum PLDR of 0.055 (355 nm), 0.068

(532 nm), and 0.038 (1064 nm) is reached in

the thin layer of dried marine aerosol. Below in

the humid MAL, the PLDR is below 0.02. The

laboratory measurements by Sakai [5] for dried

sea salt particles (PLDR = 0.08 at 532 nm)

are in good agreement with our finding. The
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the humid MAL, the PLDR is below 0.02. The

laboratory measurements by Sakai [5] for dried
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Figure 2: The temperature and relative humidity profile of the radiosonde launched at 24 February 2014

23:07 UTC (left) and the height-time display of the 1064 nm volume linear depolarization ratio (right).
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Figure 3: Vertical profiles of particle optical

properties observed on 24 February 2014, 22:12 -

24:00 UTC. Shown are the particle backscatter

coefficient (left) and the PLDR (right) at 355 nm

(blue), 532 nm (green) and 1064 nm (red). The

profile of RH measured by the radiosonde is shown

in both plots. Note that the drastic change in RH

from 80% to less than 10% occurs within 200 m.

profile of RH was added in Fig. 3 to show the

coincidence of the decrease of RH with the

increase of PLDR.

Model calculations predict a depolarization

ratio of up to 0.15 at all three wavelengths for

perfectly cubic sea salt particles for realistic

size distributions of dried marine particles.

However the dried sea salt particles cannot

be of perfectly cubic shape, but have much

smoother edges. Thus, the measured values

for the enhanced depolarization ratio have

to be smaller than the model predictions.

Furthermore, mixing of spherical and cubic

particles may occur at MAL top, what also

decreases the depolarization ratio.

Similar results have been found on board of

a research vessel over the Southern Atlantic.

An extended Portable Lidar System (PollyXT)

[11] of TROPOS was deployed on board of

the German research vessel Polarstern in the

framework of OCEANET. The PLDR at 355

and 532 nm of dried sea salt particles was

measured.

4 CONCLUSIONS

By means of a triple-wavelength polarization li-

dar the spectral dependence of the depolariza-

tion ratio of dried marine particles has been un-

ambiguously measured for the first time. The

observed enhanced depolarization ratio is in

good agreement with laboratory studies. Dis-

crepancies to model calculations indicate that

3
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the dried marine particles have a cubic-like

shape with smoothed edges.
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