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EDITOR'SNOTE

Dear colleagues!

We are glad to present you wittimospher e Aerosol, Phytoplankton
and Its influence on climate forming in the Pacific Ocean: New
Measurement Methods. It is a collection of new articles by young
academics, students and PhD students, who patgdipg the First
International Sailing University Conference on Gie Forcing, held on
the board of the sailing training ship NadezhdthanSea of Japan and the
Sea of Okhotsk at the end of summer 2010.

This collection was written by young researcherthweincouragement
and great support from their scientific advisorsd at presents a vivid
overview of current problems in the research fietlatmosphere aerosol,
phytoplankton communities, volcano activities angdroacoustics,
moreover it examines the influence of climate clegngn phytoplankton
communities.

This research work and the entire expedition wauddl have taken
place without support from the Ministry of Educatiand Science of the
Russian Federation and its contributions and graotsthe young
academics and scientific groups (State contract63P02.740.11.0439,
14.740.11.0139).

The idea and the entire concept of the Sailing Ehsity in the Far
East of Russia as a unique combination of excitimgpoard investigations
and creative educational processes belongs to IBg Bukin, Vice-Rector
for Research of the Maritime State University. Tiesults of his great
contribution to the development of scientific pragmmes for young
academics are present here.

Victoriya Yurchik
Director of the Department of Scientific and Edimaal Projects,
Maritime State University named after Admiral G\Nevelskoy

E-mail: vita_yurchik@mail.ru






PREFACE

This volume contains all paper:
presented on the board of the sailir
ship Nadezhda by PhD students ai
researchers who participated in tr
annual scientific expedition of the
International  Sailing  University
2010, organized by the Maritime
State University named after Admira
G.l. Nevelskoy.

The Sailing University of the
Maritime State University is intended
to combine scientific experimental®
research methods with educatio
processes, and to provide
international forum for young
researchers and academic advisors/ l

Preliminary results were obtained
in the Sea of Japan, the Sea of Okhotsk and iR#ledic Ocean within the
period from August 3 till September 3, 2010. Thidlextion presents a
comprehensive coverage of the critical issues eéldb global climate
changes, which were very noticeable in the seavedttre North-Eastern
outlying areas of the Pacific Ocean during ourdaexpedition, where the
Sailing University traditionally carries out itssearch activities.

This collection aims to elaborate on the researathods and on
hardware used and tested throughout the expedi@imate forcing and
its influence on formation of phytoplankton commntigs was part of the
expedition carried out in the Sea of Japan and#aeof Okhotsk.

Dust storms in the continental areas of China amhddlia, volcanic
eruptions, and anthropogenic impact are of conalderinfluence on the
ocean and atmosphere systems; while continental vatchno aerosol
makes an impact on mineral nutrients for phytoplankcommunities in
seawater. The phytoplankton communities of the &e@khotsk, where
one of the largest bio recourses is concentratedticppate in the
formation of atmospheric radioactive components,thas can be well
observed in the area of Kashevarov Bank and KrtisenBank. Our
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scientific research aims to investigate the dynaroicthe phytoplankton
communities’ behaviour under the impact of the alien forcing
components typical of this region, i.e. tropic oyws, dust storms,
volcano aerosol emissions, and ozone layer changes.

On the other hand, the research intends to ingpmetphytoplankton
communities influence radioactive components innbar-water layer of
the atmosphere (aerosol, carbon dioxide, methaneyder to determine

the potential of this
influence on photosynthetic
activity of the phytoplankton
cells, which in turn could

X possibly affect climate
changes.
Students, young

researchers and PhD
students have prepared all
the articles presented here,
in cooperation with their
academic advisors who
also participated in the
expedition and research activities. This way ofhirey young researchers
appears to be extremely effective, as all natuxplegments are jointly
carried out, and all lectures are devoted to thitembeing under scientific
investigation.

Dr. Oleg Bukin,
Vice-rector for Research, Professor

Maritime State University named after Admiral GNevelskoy;
Director of the International Sailing University



INTRODUCTION

OLEG A. BUKIN

Research results edited and collected in this lveerle obtained during
the 10" scientific expedition of the International Sailibfiversity on the
board of the sailing ship Nadezhda in Septembef201

Since 1997, Maritime State University (Vladivostékyssia) has been
organizing scientific expeditions of the Sailingitbrsity. Mostly, research
programs are focused on critical issues concethimgtmosphere and upper
ocean layer monitoring, as well as the currentestat phytoplankton
communities. The Sailing
University’s goal is to
research the main
processes of the atmos-
phere and ocean that
make contribution to the
North-Eastern part of the
Pacific Ocean climate
formation; to determine
how marine ecosystems
react to those still
ongoing climate changes;
as well as to identify the role of phytoplanktomuuunities in climate
formation in the abovementioned area. Our key @stisrinclude potential
use of phytoplankton communities for stabilizatiof sharp climate
changes and investigation into their influence lo@ dcean carbon cycle.
It is impossible to solve this problem without dieyenent of the new
physical methods for atmosphere and ocean monifotiverefore young
researchers together with their academic advisaree vassemble new
equipment in order to apply new research methotighware being tested
in each scientific expedition. Consequently, theults of our former
scientific expeditions as well as the Nadezhda'suen navigation (2003—
2004) have become part of the Sailing Universitigrgdic programme.
Articles written by Ekaterina Sokolova et al. andatfn Shinkarenko
present new equipment development in order to tigae the ocean upper
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layer. The former work
presents the
development of Laser
Induced  Breakdown
Spectroscopy (LIBS),
which was
implemented to P
investigate the S5
elemental composition
of seawater and phyto
plankton cells. The
above-mentioned
method has been being developed for a long pefitiche, but in this case
nanosecond pulse duration lasers were used in doddind out the
quantity of the smallest element concentrations®(@d) in seawater and
phytoplankton cells. Authors illustrate that LIB&érs with femtosecond
pulse duration usage increase test-sensitivity oy tlegrees, i.e. this
method is extremely effective for investigation thfe photosynthetic
apparatus of phytoplankton cells, especially wheninfluence of various
elements on the development rate of the phytoptemkbmmunities is
taken into account. Maxim Shinkarenko’s work présemew equipment
development in order to research phytoplankton eotmation fields in the
upper ocean layer: presented are testing resuliseofiew pumpable two-
frequency laser fluorimeter, which provides meawerats of the seawater
(phytoplankton included) fluorescence spectrumsherrunning vessel by
excitation of two length waves of the laser radiatiThis research made
possible to elaborate on methodology in order tpasse dissolved
organic matter reproduced by fresh phytoplanktdts ¢goung dissolved
organic matter). Such methodology was created dteroto appraise the
effectiveness of the phytoplankton cells’ photokgtit apparatus during
the production of organic matter. Konstantin Klugearticle presents
processing methodology of the sea water fluoresdmee-dimensional
spectrum. The work of the PhD student Ivan Dorokbenpresents
preliminary results of the fluorescence spectruat®rded throughout this
expedition, aiming at studying dynamics of the aesk processes of
degradation for the dissolved organic matter ilveger, as well as at
defining the phytoplankton role in the reproductfocesses of dissolved
organic matter, and its significance in the carbayicle in the ocean.

The works of PhD students Igor Stepochkin, VasilgcKur, and
Victoriya Saklakova present the development of meament algorithms
for sea colour data. They also intend to develothots for comparison
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of satellite data and onboarguz
measurements, and present t
development results for semianalitig
empiric algorithms, and the other ong
based on comparison of laser a
solar induced fluorescence. Th
abovementioned works refer to th
research of the effectiveness ¢
satellite definition for the dissolveg
organic matter by the phytoplanktol
community. Presented is detailed
description of the data base, whic
collects important information anc
makes possible to process data on-lir
Preliminary analysis of the atmosphel
monitoring (satellite data, ON-boAr (s
photometric measurement and lidar)
presented in the article by the senit
researcher Konstantin Shmirko. This analysis hashlmarried out within
a period before Peak Sarychev eruption on the &udsinds, and after it
(the eruption took place in June 2009, and wasbthgest on the Kurile
Islands for the last 300 years). The abovementiomsgarch seeks to
investigate how the volcanic eruption influencede tieondition of
phytoplankton communities in the Sea of Okhotskother aspect of the
interaction of phytoplankton communities with thenasphere processes
is presented in article by the student Alexey Bairj who attempts to
find out the experimental connection between atmesp aerosol and
phytoplankton concentrations in the lower undenaykethe atmosphere
above the ocean. This work presents the resultghef preliminary
analysis, received during this expedition to theh&varov Bank area (the
Sea of Okhotsk) and the Krusenstern Bank (the ied@iean).

Andrey Storozhenko, a PhD student, describes thiade of acoustic
measurements aimed at investigating the dynamitkseo$onic scattering
layer in the photic layer of the ocean, in ordepbserve and analyse the
phytoplankton communities’ dynamics and their reactto various
processes. The work by the PhD student llya Bukind the senior
researcher Dmitry Lyakhov, analyses possible wdyasing a remotely
operating vehicle, equipped with the laser fluotiengin order to register
seawater areas with high methane concentratiorth Barks are to create
a complex apparatus for research of the gas hyrdtposits and
investigation of carbonic cycles in the ocean.







QUANTITATIVE ELEMENTAL DETERMINATION
IN WATER BY FEMTOSECONDLASER-INDUCED
BREAKDOWN SPECTROSCOPY

SERGEY GOLIK, ALEXEY ILYIN
AND EKATERINA SOKOLOVA

Examination of the phytoplankton cell photosynteesistem condition
and monitoring of concentration of sea water eldmethat limit
phytoplankton cell development require an operatigasurement method
for determination of chemical elements concentnaéibthe microgram-per-
liter level. For this purpose, in our research wegested and developed the
method of nanosecond laser spectroscopy, thatedldar measurements of
chemical elements in the liquid and phytoplankteltscat the 18 — 10* g/l
level, which ensures its usability for real-timex seater and phytoplankton
communities monitoring [1,2]. However, this methaid not allow for the
measurements of biogenous elements that limit plgodton cell
development, and this prompted us to carry outrees®f experiments
aimed at determination of element concentratichetevel of 16 g/l.

Research of elemental composition requires preimiidentification of
spectral and molecular lines of plasma inducedherstrface of sea water
and distilled water. This research was carried with an apparatus
described in work [3].

Spectra of optical breakdown on the surface ofewaamples under
normal atmospheric conditions were obtained forsgutluration — the
super-short one, less than 50 fs, and subpicosecond one of approximately
650 fs. Figure 1 shows the optical breakdown spetton the water
surface induced with a laser pulse of 50 fs andstexged without ICCD
gating. This case reveals an intensive continupesteum resulting from
a super-continuum generation, as well as Bremssinghl and
recombination radiation. Figure 2 shows an aveagii?0 measurements
of optical breakdown spectrum on the sea waterasarinduced with a
laser pulse of 50 fs, registered with a time del&g0 ns after laser pulse
action. Laser pulsing was 10 Hz, exposure timeC&fD camera was 1 ps.
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Fig. 1 — Spectrum of optical breakdowns on sea mstieface with laser pulse
duration of 50 fs, registered without gating.
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Fig. 2 — Spectrum of optical breakdown on sea wataface with laser pulse
duration of 50 fs, time delay is 20 ns.
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This case shows the absence of an intensive camtinEmission lines of
sea water macro-composition are registered. Lebots that all spectrums
shown in this paper are not calibrated to the spedensitivity of
recording equipment.

Optical breakdown spectra induced by pulses of f65ih the surface
of sea and distilled water samples under normabspneric conditions,
being an averaging of 20 laser pulses, are showrigunes 3 and 4
respectively. Within the given spectra were idéstifemission lines of sea
water macro-composition (Ca, Mg, Na, K, H) as vadlO and N lines.
Figure 4 shows the distilled water spectrum induzgthser pulses of 650
fs under normal atmospheric conditions. H, N, anéin@s were singled
out in the distilled water spectrum. Displayed $pens do not show lines
of other elements in sea water, as their regismatéquires either special
signal accumulation, or higher spectral resolufgjn
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900 -
800 -
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600 -
g 500 -
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= o0t
Na K 1(766,4)
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300 - |
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g \( )
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]
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Fig. 3 — Optical breakdown spectrum on sea watdace, laser pulse duration is
650 fs, time delay is 40 ns.
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Fig. 4 — Optical breakdown spectrum on distilledtaxasurface, laser pulse
duration is 650 fs, time delay is 40 ns.

The experimental complex presented in work [3] wased for
identification of spectral lines of phytoplanktoalls in the femtosecond
optical breakdown. Phytoplankton samples settledvrdan ash-free
filters, so-called “white ribbon”, with an averagmre size and high
filtration speed. The volume of filtered sea wateas 1 litre for each
sample. Figure 5 shows laser plasma spectrums afedeon the surfaces
of studied filters with biological objects. For cparison, this paper shows
research results of the two filtered sea water $ssnpne of them being
one year old.

The spectrum was recorded with a time delay of 45+2 in relation
to laser pulse, each 100 laser pulses being acaimaulAt registration of
the plasma spectrum within the wavelength from &6600 nm and 740-
780 nm, a neutral filter with 2.0 OD (Newport) wastalled in front of the
spectrograph slit; a neutral filter with 1.0 OD (M®ort) was used for the
rest of the range.

On the basis of spectral line table, data emiski@s of the following
elements were identified: K, Mg, Na, Ca, Cl, Fe, CH, O, H, N.
Spectrums obtained showed relation of signal intgn@mission line
intensity) to continuum intensity (SBR) on the scabt less than 10:1,
also due to low intensity of the continuum, unlikat of the traditional
nanosecond laser-induced breakdown spectroscojsynéicessary to note
that Fel emission lines under these conditions xafitation were not
registered in sample #1 settled on the filter, Wh&presumably due to the
decomposition of phytoplankton cells in sea watat @ith their passing
through 10-micron filter pores. Sample #2, takereatly before its
examination shows a high number of lines in the Bpectrum of plasma,
their intensity being higher than in sample #1 enskea water.
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Fig. 5 - LIBS of filter samples) filter with sea water sample #1, b) filter witbas
water sample #2, ¢) clean filter.

To analyze and assess minimally detectable corat@nis of chemical
elements in aqueous medium were used the Statelasthrreference
samples (SSRS) of water solutions of natrium iotewaolutions (SSRS
7474-98) with the concentration of 0,95-1,05mg/camd calcium ion
solutions (SSRS 7682-99). These elements weretedldae to their high
concentration in sea water and presence on LIBStrgpe of atomic and
ion lines, which are clearly registered in casesiafo and femtosecond
breakdown.

Dependence of Na | line intensity (588,9 nm) oncamtration in the
SSRS water solution helped research the limit gfiadi detection for Na.
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Figure 6 shows averaging of 7 LIBS measurementshef SSRS Na
spectrum. The spectrum was obtained with laseemfid00 Hz, and laser
pulse duration of 650 fs. Energy pulse was 1.1 padse duration was
grope time delay of 75 ns, exposure time was 500Ths signal was
accumulated on 800 laser pulses. Na emission limensity on the

wavelength of 588.9 nm was 40+8,5 relative unithe trelative

measurement error being 21% for this concentralitws, in defining the
minimally detected concentration as a value ®@background signal, we
obtained the Na atom detection limit: ~®16/ [3].

Similarly, dependence line intensity of calcium (B93,4 nm) on
concentration in the SSRS water solution helpe@amh the limit of
signal detection for calcium. The spectrum wasiokthwith laser pulsing
of 1 kHz, pulse duration of 50 fs, energy per pw$el mJ, and pulses
time delay of 75 ns. Exposure time was 500 ng&mh laser impulse, the
signal was being accumulated during 4 secondsaaradresult 4000 laser
pulses were summarized. Ca emission line intemsitthe wavelength of
393,4 nm constituted (144+16) relative units, teétive measurement
error for this calcium concentration in water beift@,1%. Thus, in
defining the minimally detected concentration aslae of 35 background
signal, we obtain the Ca atom detection limit; 202-g/I.

1007
90
80r

70¢

I, rel. units

60

50F

4 L I L L 1 I}
282 584 586 588 590 592 594
A, nm

Fig. 6 - LIBS of NaCl water solution with Na condetion of 4-18 g/l



Sergey Golik, Anatoly llyin and Ekaterina Sokolova 11

Conducted experiments revealed that unlike in #se ®f nanosecond
excitation, the detection limit for Ca and Na atomvgh one-pulse
femtosecond breakdown with the same analytical ieangth is two order
magnitude weaker (see table 1). Further, the fesntosd breakdown
increased sensitivity of spectrum definitions dgrianalysis of vital
biogenous elements, ferrum, for instance, the nallym detected
concentration of which is far less reliable whemasecond excitation is
used.

Table 1. Comparison of minimally detected concentrations.

Element Wave Concentration, g/l This work, g/l
length, mn (from work[4])
Na | 588,9 5.10 10°
Call 393,4 3.10 2:10°

Thus, firstly, the method of femtosecond laser-oetl breakdown
spectroscopy with signal time gating allows forise@gtion of elemental
composition of phytoplankton cells. Secondly, regiton of microelements
in samples deposited on filters is made possibfal, Ahirdly, this method
confirms the necessity of carrying out the sea matel phytoplankton cell
analysis directly after sampling.

The typical fluorescence time of femtosecond emissilines
breakdown is considerably shorter compared with nthaosecond one.
However, due to generation of stable femtosecosdrl@lasma on the
surface of studied samples and the high ratio é lintensity to the
continuum, the femtosecond LIBS showed high rdliigbiand result
reproducibility for concentration measurements béroical elements in
liquid.
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OBSERVATION RESULTS OFAEROSOL
DYNAMICS IN ATMOSPHERE OFSEA
OF JAPAN AND SEA OF OKHOTSK

KONSTANTIN SHMIRKO

Recent times have seen close attention paid tdestwd processes linked
with climate changes. On a first-priority basidgstis relevant to dynamics
of radioactively active atmosphere components, Wwimclude trace gases
(ozone,CO,, methane, water vapor, etc.), and atmospheric\alsanic/
anthropogenic aerosol. An increasing number of arlc eruptions and
their increasing capacity during maximum value @dsi of volcanic
activity cycles are thought to be the main causeglobal temperature
changes. This results in higher emissions of greest gases and
volcanogenic aerosols into atmosphere, which im tbrings about
radiation balance changes.

Within a period from 2007 till present, the IACP BERAS lidar
station has been monitoring volcanic aerosol distion, caused by
Okmok, Kasatochi and Sarychev Peak volcanoes! khede cases, at the
atmospheric tropopause level and lower, aerosokrtaycapable of
changing the relation between flux difference afoming and outgoing
radiation at the tropopause level were observedjctwiresults in
troposphere temperature condition change. Thiséntte directly depends
on vertical distribution of scattering layers. Toigective of this article is
to highlight in what atmospheric changes the eanptif Sarychev Peak
volcano on Matua Island resulted. We used data fshipborne lidar
measurements together with spaceborne ones. ltatiee case we used
data from Cloud-Aerosol Lidar and Infrared Pattér Satellite
Observation (CALIPSO) satellite provided by NASAttph/www-
calipso.larc.nasa.gov/

Two scientific research expeditions were carrietlio2009 and 2010.
The first voyage aboard the Senite towards theamctook place two
weeks after its eruption in July 2009. The secooyhge took place a year
after the first expedition, within a period from gust 3 to September 2,
2010, aboard the training tall ship Nadehzda. Tdllwing atmosphere
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parameter measurements were continuously carried out aboard the ship
throughout its entire route: aerosol optical depth, vertical distribution of
backscattering and extinction coefficients, particle size distribution function
as well as samplings for chemical testing.

A shopborne mobile lidar was used to obtain vertical profiles of the
backscattering signal (Fig.1a). The receiving system diameter was 150
mm. Backward scattering signal registration was carried out with a 14-bit
10mhz AD converter. The transmission unit was based on the Nd:YAG
Brilliant-Ultra laser (by Quantel) with pulse energy being equal to ~45 mJ.
Laser impulse frequency was 15 Hz. Backscattering signal measurements
were effectuated in clusters of 1000 impulses (in cases of altitudinal
sounding), and of 100 impulses, when dynamics of light-scattering layers
were being taken into account. The background signal measurements were
taken for their further subtraction before each set of measurements.

Fig.1a Shipborne mobile lidar: Fig.1b Sun photometer with sun
1 sine V-block; 2 collimator; 3 laser head; tracking system.
4 receiver.

Passive atmosphere sounding was carried out with a portable direct sun
photometer (made in Tomsk) (Fig.1b), synchronously with lidar sounding,
when possible. Measurements were taken hourly when the weather was
clear (the lidar profile does not support nebul osity).

Apart from optical remote sounding, we carried out contact
measurements of parameters of the atmospheric surface layer, which
included measurements of particle size distribution function, atmospheric
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aerosols and black carbon concentration. Such measnts were carried
automatically on an hourly basis.

Figure 2 shows expedition routes. On the map, gdeénindicate lidar
measurements, while yellow circles show spectraphetric measurements.

50°N s
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Surn photomseter meagsurements

® Hiooptical and Hydrologlcal measurements

= Armospheric CO2 ard HZD

w———
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o LILT) 20Mp Mriermy
— — —

147°E 150°E 153°E

E:peciilnn route 2010

' W |

132 136°E 144%E 150°E 156°E
Fig.2 Routes a) 2009, b) 2010
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Spatial resolution of satellite lidar data was 306ters between profiles.
However, their accumulation was necessary to olatdiigh-quality signal
of backward scattering. Being interested in thecswhere condition in the
vicinity of Matua Island, we were obtaining thedidsignal composite
profile via averaging profiles within a circle o280 km radius.

Data obtained during expeditions can be convenlfipriivided into
two types, belonging to either “pure” or “agitateatinosphere. We define
the “pure” atmosphere as a case when lidar profitesot show strongly
marked nebulosity, their integral coefficient ofckaard scattering being
equal to, or less than 0.01"sm™ Analogously, “agitated” atmosphere
implies such situations when lidar profiles do show strongly marked
nebulosity, while its integral coefficient of backmd scattering is bigger
than 0.01 st m™. Values of backward scattering integral coefficien
which is used as a classification criterion, weldamed via statistic
processing of lidar data of previous expeditior0¢& 2006, 2008).

Main (background) lidar profiles reflect the comalits typical of the
Sea of Okhotsk and the Sea of Japan atmosphere:

— planetary boundary layer (PBL) lies within the rarfgpom 340m
to 1000m (stable boundary layer lies within rangef 170m to
340m);

— atmospheric aerosol is majorly concentrated in foREBL levels;

- rather stable aerosol stratification is observésl,change being
caused by meteorological processes.

After the eruption of Sarychev Peak volcano, a daamount of
pyroclastics was emitted into the atmosphere. dched the tropopause
heights and formed a permanent aerosol layer {tége 4a). Apart from
considerable height from 8 to 12 km and high valaé$®ackscattering
coefficient along the entire aerosol layer depfie, depolarization factor
value equaled 0.2, which corresponds to non-spddeparticles of dry
origin (the volcanic one, in this case). This atpl@ic condition was
being observed throughout June-July 2009.
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Fig.4a First successful shot produced by CALIPSO aftécamic eruption
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18 Observation Results of Aerosol Dynamics

Figure 5 shows lidar measurements taken duringettpedition to the
volcano in June 2009. The closer to the volcane,rttore apparent the
aerosol layer became at the height of 8-9.5 knealivg the tendency of
going even lower. Near the volcano itself, obtamtiof high-quality
vertical profiles was not possible because of aersible ash emissions. A
large amount of aerosol emitted into the atmosphesalted in its
stratification, and the planetary boundary levgdanded its boundaries as
aerosol was inflowing.

Atmosphete state along the vessel "Nadezhda" route

(a) Day 25.062009  (b)Night 23 = 26.06.2009 Along ship's route measuraments (c)Day 26.06.2009( Station near volcano )
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Fig. 5 Lidar experiment near Sarychev Peak volcano

The planetary boundary layer had a complex mujttad structure. At
that time we registered at least three sub-layesisié PBL of same origin
— from ash and water vapor emissions. The firstdayas located at 300
meters above the sealevel, the second and thiragltiagies of 1500 and
2000 meters. The first 2 km were completely attéedidy atmosphere
constituents, and we were unable to retrieve data fabove 2 km. The
planetary boundary layer at that time was locatetha 2 km height. It
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should be noted that the marine boundary layer is located at the altitude
less than 700-1100 m.

Due to the high values of aerosol concentration and optical thicknessin
the planetary boundary layer, there are possibilities in intensive gas
exchange between atmosphere and the sea upper-top layer, as well as
volcanic aerosol disposition onto the water surface.

Figure 6 shows CALIPSO satellite data we analyzed to explore the
atmosphere structure at the higher altitudes.
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Expediﬁlon route 2010
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Fig.6 Vertical profile of backscattering signa (June 25, 2009) and integration
range

That day CALIPSO satellite data clearly showed the aerosol layer position
at the height of 8.5 km. Moreover, it was clear that the atmospheric bottom
layer had been filled with aerosol up to the height of 2 km.

Expedition carried out in 2010 showed that the atmosphere in the
vicinity of Matua Island had restored its intermediate qualities. Apart from
the boundary layer and tropopause, aerosol traces were not present
anymore. Residual aerosol could account for the layer at the tropopause
height. At that time, the planetary boundary layer had no sub-layers and its
altitude was 700 m.



