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PLENARY SESSION

Elementary Analysis of Galaxy Clusters: Similar ity Criteria, Tully —Fisher,
and Approximate Invariants

Georgiy S. Golitsyn_(gsg@ifaran)ru

A.M. Obukhov Institute of Atmospheric Physics, RBASyzhevsky per., 119017 Moscow, Russia

At observations of galaxy clusters the followingagtities are usually measured: luminosity
L, sizeR, massM, temperaturdl,, sometimes velocities. They all are interbindedthy gravity
field characterized by the universal const@tThese five quantities are determined by three
measurements units: malgk lengthL and timeT. Therefore one can form two non-dimensional
similarity criteria:l; andl1,. One can also form any chosen observable as éidanaf the other
three ones. The author has at hand the data &j,[tather more complete than any other. This
material consists of more than thirty clustersCa# < z< 1.26 andz< 0.23 and represents various
stages of relaxation. This material gives a poliilib test the derived dimensional relationships
and to determine the dimensionless numerical aeffis at these relationships. These coefficients
are found nearly constant with a scatter less B@rper cent in the data above and could be
considered as other similarity criteria but funogoof I, and IM,. With such a small scatter they
may be called approximate invariants. The lumiryolsiand universal consta@ are forming the
dynamical velocity scaldJy, which immediately explains the empirical Tullysker law as:
L =U%G. Having the temperatufB, one may determine the thermal velocity of the glasma
particlesUt. The ratioUy/Ut =T1; is used here as a new similarity criterium whigtidund to be
constant within six per cent for nearly 30 objexited abovell; = 0.163 £ 0.00% 1/6 and may be
interpreted as the Mach number. The other critefiliyns the ratio of the cluster potential energy to
its doubled kinetic one and is the virial oneslfound to be a function of the cluster age. Téiani
evidence of cluster evolution during their life &mevidently through “cannibalism” of neighbours.
At z> 0.5 the mean cluster mass is five times less,ahamall z< 0.2. It is demanding to expand
these results to other clusters and different ¢jestingular galaxies, stars and their clouds, Astc.
an example it is found that for the Stin = 0.078, only about a half of the cluster valuespite
14-15 orders of magnitude difference in mass anfl #agnitude difference in radiation

temperature.
1. Vikhlinin A.A. Observation cosmology and studying the intergataetivironment on x-ray spectra of
galactic clustersDoctoral dissertation, Space Reasearch Insti2ad@?.
2. Vikhlinin A.A. et al. Chandra sample of nearlglactic clusters: mass, gas fraction, and massdeatyre
relation.Astrophys. J.2006,640, 691-709.

Minor Gas Constituents and Cloud Properties R  etrieved from
TANSO-FTS/GOSAT spectra

R. Imasu (imasu@aori.u-tokyo.aq,jiN. Saitoh, Y. Hayashi, Y. Someya, Y. Arai, H.n<w,

T. Machida, H. Matsueda, Y. Sawa, Y. Niwa, and 8minh
Atmosphere and Ocean Research Institute, The Wiiyaf Tokyo; 5-1-5, Kashiwanoha, Kashiwa-shi, l&hi
277-8568, Japan

The Greenhouse gases Observing Satellite (GOSAB jeint mission of the Japanese
Ministry of the Environment (MOE), the National titste for Environment Studies (NIES), and
the Japan Aerospace Exploration Agency (JAXA), Whi dedicated to observation of €énd
CH4 concentrations from space. The main sensor of dallite is a Fourier Transform
Spectrometer (FTS) designated as the “Thermal azat Mfrared Sensor for carbon Observation
(TANSO)-FTS”, which can sense a wide spectral ramg#guding short wavelength infrared
(SWIR) bands for measuring columnar concentratarSO;, and a thermal infrared (TIR) band for
upper air concentrations. It has been operateshalbr even more than four years has passed after




the launch on 23 January 2009. Although the caidn accuracy of TIR band, which was
designed to be better than 0.3 K for QO@trievals, has not been achieved yet, gas coratemts
and cloud properties have been retrieved as weédraperature profiles.

These results were compared with in situ measurenseich as a commercial airline project,
CONTAIL, and balloon measurements of ozone. It heven that biases in gas concentrations
correspond to the spectral biases estimated thrdlughcomparison with the data from a well
calibrated sounding sensor, AIRS. One of the benefi TANSO-FTS is the synergetic usage of
mulch-band spectra for retrieving gas concentrationthe lower troposphere. This method has
been applied to analyze the data obtained dur@@OSAT specific observation mode” targeting
at mega-sized city such as Tokyo city. These olasiens have been conducted by the GOSAT
science team for more than two years in order timmate CQ emission strength from the urban
area. CQ concentrations in the boundary layer were terghtiestimated based on the boundary
layer thickness estimated from temperature profédseved from TIR spectrum. The results were
compared with ground-based in situ measurementg rmaMRI/JMA observation site in Tsukuba
city near Tokyo.

Aerospace and Ground-Based Monitoring of Smoky Atmosphere over
European Part of Russia

G.l. Gorchakov (gengor@ifaran.ny S.A. Sitnov, M.A. SviridenkoV, E.G. Semoutnikova
A.S. Emilenkd, A.A. IsakoV, V.M. Kopeikin', A.V. KarpoV, I.A. Gorchakov3

K.S. VericheV, G.A. Kurbato¥, T.Ya. Ponomareva
!A.M. Obukhov Institute of Atmospheric Physics, RASyzhevsky per., 119017 Moscow, Russia
2M.V. Lomonosov Moscow State University, 1 Vorobygwy, 119991 Moscow, Russia
*Hydrometeorological Research Center of Russia,rBdechensky 1113, 123242 Moscow, Russia

Extreme smoke pollution over the European partwd$a (EPR) in summer 2010 influences
greatly the ecological situation and the radiatiggime of the atmosphere in this region [1, 2].
Evaluation results of the thermal and radiativameg of the smoky atmosphere over EPR on the
aerospace and ground — laser monitoring data asepted.

Thermal regime of the atmospheric boundary layes astimated using microwave sounding
data of the air temperature profilers at threei@tatin Moscow region, aerospace sounding data
(AIRS), and reanalysis data of the meteorologi@abhmeters in the troposphere. Essential feature
of the thermal regime into blocking anticyclone wlasind the strong thermal anomaly in the
surface layer and the troposphere. The thermal alyooharacteristics for the intensive smoke
screening region have been reported in [3].

Smoke aerosol parameters, among them smoke radiptioperties were retrieved using
ground — based aerosol monitoring data [1], aerpsoperties monitoring in the atmospheric
column data (AERONET stations) and aerospace mamif@lata (MODIS, MISR). An area of the
peak smoke screening evolution was being followed.

Water vapor content assessments in the atmospdrmadky layer were received on the data of
the measurement in the urban boundary layer ain®ista TV-tower, on the aerospace monitoring
data and on meteorological parameter reanalyses Batdiative effects of smoke aerosol over EPR
were calculated including aerosol forcing on upgred lower boundaries of the atmosphere [3, 4].
Gaseous pollution in smoky atmosphere over EPReas summarized.

This work was supported in part by RFBR (pr. No05101144, No 11-05-00704).

1. Gorchakov G.I., Sviridenkov M.A., Semoutnikovask Chubarova N.E. et al. Optical and microphyisica
parameters of the aerosol in the smoky atmospheteiMoscow region in 2010oklady Earth Sciences
2011,437, 2, 513-517.

2. Gorchakov G.I., Semoutnikova E.G., Isakov Alopeikin V.M. et al. Moscow smoke haze 2010. Exteem

aerosol and gaseous pollution of Moscow regiotagin. Atm. and Oceanic Optic2011. V. 24, No 6. P.
452-458 (in Russian).



3. Sitnov S.A., Gorchakov G.I., Sviridenkov M.A.ppeikin V.M. et. al. Atmospheric circulation infloee on
the evolution and radiative forcing of the smokeoael over European part of Russia in Summer 284€th
Investigation from Spac@013, 2, 18—-41 (in Russian).

4. Sitnov S.A., Gorchakov G.I., Sviridenkov M.A.akpov A.V. Evolution and radiative effects of théreme
smoke screening of European part Russia in Sum@1d. Doklady Earth Scienceg012,446, 2, 1197—
12083.

Remote Sensing of Snow and Ice in Polar Reg ions with Satellite Optical
Sensors

E.P. Zeg® (eleonor@light.basnet.pyA.V. Malinka, I.L. KatseV, A.S. Prikhach

G. Heygstef, L. Istomin&
!B.1. Stepanov Institute of Physics, NASB, 220082P6 Nezavisimosti, Minsk, Belarus
?|nstitute of Environmental Physics, University oéBen, O. Hahn Allee 1, D-28359 Bremen, Germany

Satellite remote sensing is an important and sonestithe only tool for monitoring sea ice
condition, especially over difficult-to-access poleegions. The core of the remote sensing
algorithms is the relation between measured radiattharacteristics and retrieved physical
conditions of the surface. The recent studies efghow remote sensing (mainly retrieval of the
snow grain size, the snow covered area and the afimglo) have been published extensively.

In this presentation we restrict ourselves to artskommary of the current situation. Also
there are plenty of works on the satellite rematesgg of ice (including the retrieval of the melt
pond fraction and corresponding variations of itedo). The main approach used in these works
is based on tha priori assignments of the spectra of the pixel constigjentch as melt ponds, dry
ice, snow, or open water.

We present the new technique to investigate theneling process: to retrieve the melt pond
fractions and the sea ice albedo. It is basedeahéwly developed model of the optical properties
of melting sea ice as a scattering medium (in naetail the theory of radiative transfer in sea ice
will be presented at Sec. 3). The model of radeatransfer is implemented in the softwHR& (Ice
Reflectance Simulator) that computes the signala ehtellite spectral radiometer under various
atmosphere and sea ice conditions.

This theory of the reflectance of melting sea ind the computer simulation performed was
used to develop the algorithm for satellite rens®esing of sea ice. The algorithm includes newly
developed atmosphere correction procedure. Eadh igixonsidered as consisting of white bare ice
(can be snow-covered) and melt ponds. The algonititrieves the melt pond fraction in a pixel and
its spectral albedo. The last values are crucialV&ious problems concerning climate change and
specifically for understanding and prediction oé ttirastic changes in Arctic environment. Melt
Pond Detector software (MPD) implementing the depet algorithm has been designed to be
installed and run under the LINUX and WINDOWS opig systems. Currently it is installed in
the MERIS processing chain in the Bremen Universitl?D product is the maps of the melt ponds
area fraction and the pixel spectral albedo. Psingsof the historic MERIS data has been
established (the data are stored to the onlineiveechThe produced maps allow monitoring the
long-time global changes of Arctic ice conditions.

These studies are a part of European Projects DAMESCand SIDARUS (Band 7' EU Framework
Programme).



Radio Occultation Monitoring of Internal Waves in the Earth’s and
Planetary Atmospheres

V.N. Gubenkd (vngubenko@gmail.comp.G. PavelyeY, I.A. Kirillovich?, Y.A. Liou?,
S.K. Yarf, V.E Andreev
Kotelnikov Institute of Radio Engineering and Etenics RAS, Vvedenskogo square 1, 141190 Fryazino,
Moscow region, Russia
“Center for Space and Remote Sensing Researchnilb@entral University, Chung-Li 320, Taiwan

Internal gravity waves (IGWs) modulate the struetuand circulation of the Earth’s
atmosphere, producing quasi-periodic variationghi@ wind velocity, temperature and density.
Similar effects are anticipated for the Venus andrdvisince IGWs are a characteristic of stably
stratified atmosphere. In this context, a new metloo the determination of IGW parameters from
a vertical temperature profile measurement in agily atmosphere had been developed [1-4].
This method does not require any additional infdromanot contained in the profile and may be
used for the analysis of profiles measured by wasritechniques. The criterion for the IGW
identification has been formulated and argued.hi& tase when this criterion is satisfied, the
analyzed temperature fluctuations can be considesaslave-induced. The method is based on the
analysis of relative amplitudes of the wave fietdl @n the linear IGW saturation theory in which
these amplitudes are restricted by dynamical ($hestability processes in the atmosphere. When
the amplitude of an internal gravity wave reachesghear instability threshold, energy is assumed
to be dissipated in such way that the IGW amplitisdeaintained at the instability threshold level
as the wave propagates upwards. We have extendedeveloped technique [1] in order to
reconstruct the complete set of IGW characteristictuding such important parameters as the
wave kinetic and potential energy and fluxes ofltB&/ energy and horizontal momentum [2]. We
propose also an alternative method to estimateréetive amplitudes and to extract IGW
parameters from an analysis of perturbations ofBhent-Vaislala frequency squared [2,4]. An
application of the developed method to the radicutiation (RO) temperature data has given the
possibility to identify the IGWs in the Earth’s, Mian and Venusian atmospheres and to determine
the magnitudes of key wave parameters such asithesic frequency, amplitudes of the vertical
and horizontal wind velocity perturbations, vertiead horizontal wavelengths, intrinsic vertical
and horizontal phase (and group) speeds, kinetigpatential energy per unit mass, vertical fluxes
of the wave energy and horizontal momentum. Thelltesof the wave studies found from
temperature data of the RO missions CHAMP and C@S{#&hkrth), Mars Global Surveyor (Mars),
Venera 15 and 16, Magellan and Venus Express (Vdrav® been presented and discussed.

The joint USA-Taiwan satellite mission Formosat-G&MIC (Constellation Observing
System for Meteorology, lonosphere and Climate)ssia of six micro-satellites, and each of them
has four GPS-antennas. It was launched in April62@0biting around the Earth at approximately
800 km. The primary scientific goal of the missierio demonstrate the value of near-real-time RO
observations in improving operational numerical tea predictions (NWP). The goal is readily
shown by assimilating the measurements of atmogpparameters into used NWP-models. These
parameters include density, temperature, pressudereative humidity fields in the atmosphere.
An analysis of their geographic and seasonal digions is necessary to the understanding of the
energy and momentum transfer, and the reactiorh®fpblar atmosphere in response to global
warming. This task is especially important as tbéaPRegions are very sensitive to the change in
global temperature and it may be a major causdatfat)sea level rising. A statistical analysis of
the IGW activity in polar atmospheric regions (ladies > 60°) using Formosat-3/COSMIC RO
temperature data collected from July 2006 to M&6RQ9 has been performed. Geographic and
seasonal distributions of the IGW potential engrggive activity indicator) in the altitude interval
from 15 to 35 km have been determined and analykkd.obtained results show that the wave
activity in the polar atmosphere is strong in wirded spring. The potential energy of IGWSs in
spring is largest in Antarctic atmospheric regishjle it is largest in winter in Arctic region. The
wave potential energy increases with altitude up3fokm in the atmosphere of both Earth’'s



hemispheres. In Antarctic region, internal waveshwigh potential energy occur in the atmosphere
over the Antarctic Peninsula. In Arctic region, ighhwave activity is mainly observed over North
Atlantic Ocean (Iceland) and Scandinavian Peninsllfe results on an analysis of the wave
activity and factors influencing upon it in the poktratosphere of Arctic and Antarctic have been
presented and discussed.

The work has been carried out under partial fir@rsupport of the RAS Presidium Prograib22 and
RFBR grant\e13-02-00526-a. Liou Y.A. and Yan S.K acknowledge Mational Science Council (NSC) of
Taiwan for the support of grant NSC 95-2111-M-008-01Y 3.

1. Gubenko V.N., Pavelyev A.G., Andreev V.E. Detiration of the intrinsic frequency and other wave
parameters from a single vertical temperature osithe profile measuremeni. Geophys. Re2008,113 Ne
D08109, doi:10.1029/2007JD008920.

2. Gubenko V.N., Pavelyev A.G., Salimzyanov R.Rwétyev A.A. Reconstruction of internal gravity veav
parameters from radio occultation retrievals otieaf temperature profiles in the Earth’s atmosph&tmos.
Meas. Tech 2011 4, 10, 2153-2162, doi:10.5194/amt-4-2153-2011.

3. Gubenko V.N., Pavelyev A.G., Salimzyanov R.Rhdreev V.E. A method for determination of internal
gravity wave parameters from a vertical temperaturgensity profile measurement in the Earth’s
atmosphereCosmic Res2012,50, 1, 21-31, doi: 10.1134/S0010952512010029.

4. Gubenko V.N., Kirillovich I.A., Pavelyev A.G. at. Characteristics of internal waves in the Marti
atmosphere obtained from an analysis of verticaperature profiles of the Mars Global Surveyor iiss
Solar System Re013,47, 6 (in press).

Current State and Prospects of Satellite Hydr ometeorological Systems

V. Asmug, L. Makridenkd, O. Milekhirt, V. SolovjeV, A. Uspensky, V. KhartoV’
!State Research Center on Space Hydrometeorologné®a”, 7 B. Predtechensky p., 123242 Moscow, Russi
2/NIIEM Corporation” JSC, 107078 Moscow, Russia
*Lavochkin Association, 141400 Khimki, Russia

In accordance with Russian Federal Space Progra@6-2015 Roskosmos (VNIIEM
Corporation, Lavochkin Association) and Roshydror(feRC Planeta) jointly develop various
satellite hydrometeorological systems, such as &de8M”, “Electro-L”, “Arctica-M”. A new
generation systems “Meteor-MP”, “Electro-M” are alsiow under development, including
advanced onboard instruments. “Meteor-3M”, “Met&ti?~ constellations should consist of 3
operational meteorological satellites and one cogephical satellite on sun-synchronous orbits
(manufacturer VNIIEM Corporation). “Electro-L”, “Bttro-M” constellations are to be comprised
of 3 spacecrafts on geosynchronous orbit, and féaetl” — of 2 spacecrafts on high elliptical
orbits (manufacturer Lavochkin Association). Bgsayload of all the mentioned satellites is briefly
described. Ground segment based on European, &iteend Far Eastern Centers of SRC Planeta is
also outlined. A comparison is given of current afudthcoming satellite meteorological
instruments, both Russian and foreign (Metop, M&& Suomi NPP, MSG, MTG).

Solar Radiation: Regular/Irregular Changes and Uncertainties

Costas Varotsos (covar@phys.uoa.gr)
University of Athens, Dept. of Environmental Physind Meteorology, Faculty of Physics, Bldg Phys%,84
Athens, Greece

The investigation of the deterministic or stochaslynamics over the widest possible range
of time scales of the spectral solar radiation (BBRattempted, based on the available ground-
based, in-situ, and satellite observations. To Him, the temporal and spatial variability of
principal atmospheric parameters for the SSR figldnalysed by utilizing modern tools of non-
linear analysis. In particular, the spatio-tempovaliability of the aerosol optical depth, the
atmospheric ozone content, the solar radiation, gba-surface temperature, the tropospheric
temperature as a function of height, and the neaurgl albedo for different surfaces and in
different atmospheric conditions is discussed. Tésults obtained provide a clear picture of
regular/irregular changes and uncertainties of 38&k-considered as a crucial component of the
Earth’s climate - indicating plausible improvemetdgshe present modeling of the atmospheric and
climate-dynamics.



Calibration Activities at the World Radiation Center, PMOD/WRC

Julian Grébner _(julian.groebner@pmodwrg.ch
Physikalisch-Meteorologisches Observatorium DaWsrld Radiation Center (PMOD/WRC), Dorfstrasse 33,
7260 Davos Dorf, Switzerland

The World Radiation Center is currently composedoof sections, the absolute radiometry
section (ARS), the infrared radiometry section (IR8&e world optical depth research and
calibration center (WORCC) and the World CaliatCenter for UV WCC-UV)). At the WRC,
pyranometers are calibrated using the compositersathod with the WSG for the direct beam and
a diffuse reference CM22 pyranometer, while pyrivaters are calibrated directly against the
WSG. The WSG has been compared several times t@rifugenic radiometer at NPL, with
differences equal or below 0.1%. A new referencdtgdor pyrgeometer characterisations has
been built at the Infrared Radiometry Section & YWRC. A prototype IR Radiometer using an
integrating sphere has been designed and constrtewteecome a future reference instrument for
longwave radiation which has been compared to bselate cavity radiometer developed at the
National Renewable Energy Laboratory in the US. el PFR operated at WORCC form the
reference for spectral aerosol optical depth mesmsents. A new spectroradiometer for direct beam
spectral irradiance has been developed for absoadi@ation measurements in the range 300 to
1040 nm. Finally, the newest addition to the WRt, world calibration center for UV radiation, is
providing calibrations of broadband UV radiometdddlowing stringent quality procedures
according to ISO 17025. Furthermore, the travelmderence spectroradiometer QASUME
provides quality assurance of spectral UV irradeaneasurements by collocated measurements at
solar UV monitoring sites in Europe since 2002 aod world-wide. This presentation will show
highlights of these activities which aim at prowgicalibrations of radiation sensors with state-of-
the-art reference instruments developed at PMODZWR

Short-lived Atmospheric Drivers of the Current Climate Changes and
Their Radiative and Temperature Indexes

I.L. Karol (karol@main.mgo.rssi.JuA.A. Kiselev, S.S. Chicherin
A.V. Voeikov Main Geophysical Observatory, 7 KaneysStr., 194021 Saint-Petersburg, Russia

Studies of the radiatively active gases and aesdsaVing the mean life time in the global
atmosphere not exceeding 10-12 years (the life aifmaethane) are reviewed. Special attention is
paid to the black carbon aerosols producing a sogmt positive greenhouse effect. The physical,
chemical and medical properties of these aeroselxansidered together with their atmospheric
cycles, their seasonal and diurnal variations tivemparticular regions.

Radiative and temperature forcing indexes of gaseb aerosols are critically evaluated.
Some new issues are presented on the possibléeetfjcof these forcings by using the simple
analytical model of the atmospheric thermal regimitla parameters close to the real ones.

Atmosphere and Climate Response to Potential Decrease of the Solar
Activity in the 21st Century

E. Rozanov (e.rozanov@pmodwrd.ch
PMOD/WRC, Dorfstrasse 33, CH-7260, Davos Dorf, Saviand

It was suggested by several publications that thar sactivity will decline within the next
century. Such a change can affect future statbeofitmosphere and climate due to an alteration of
solar spectral irradiance and precipitating enérgerticles. To understand the resulting changes
we simulate the evolution of the atmosphere in ZEsttury using atmosphere-ocean-chemistry-
climate model in transient mode driven by anthragog forcing and natural forcing with and
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without solar activity decline in the future. Weoshthat potential decline of the solar activity has
an important contribution to the climate and ozémeer evolution. In particular we find that the
drop of the solar activity is able to compensateuat?20% of the warming caused by greenhouse
gases emissions prescribed according to IPCC RGeértario and slows down the expected ozone
layer recovery.

Spectral Characteristics of the Radiation Bala nce and the Spherical
Albedo of the Earth as a Global Characterist ic of Climate Change

T.A. Sushkevich_(tamaras@keldysh,r8)A. Strelkov, S.V. Maksakova
M.V. Keldysh Institute of Applied Mathematics RASliusskaya sq., 125047 Moscow, Russia

The present report focuses on the applicationethiory of radiative transfer with polarimetry
and hyperspectral approach to space projects afteesensing of the global climate system of the
Earth, by analogy with the approach of studyinggbkar system planets and galaxies. Polarization
observations — one of the most important channkeisformation in astronomy and astrophysics.
Measurement of the polarization produced in allcgpé intervals — from radio waves to X-rays.
Measurement of the polarization of light providegportant information about the properties of
both the sources and mechanisms of radiation aogt @he environment, which absorbs or scatters
electromagnetic waves.

The purpose of the report — to draw attention tcolass of problems for ekzaflopsnyh
supercomputers. It is no coincidence supercomppigrin NASA, as well as in the centers of the
climate and space research in Japan, China, GerramyBefore creating an expensive and space-
effective global monitoring of the Earth it is asiable to model the system based on the "scenario”
approach.

As part of the development of computational toaisorder to create information and
mathematical software for solving direct and ineefbig) problems of the nanodiagnostics of
natural and man-made environments methods of hyeetral (hundreds and thousands of bands of
the electromagnetic spectrum from the ultraviolet the [IM) of Earth remote sensing are
considered spherical model of radiation transfer.

These studies are supported by the Russian Furiglafsic Research (Projects No. 11-01-00021, 12-
01-00009) and Russian Academy of Sciences (PrbiecOMN-3(3.5)).
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SESSION 1. "SATELLITE SOUNDING OF ATMOSPHERE AND SU RFACE"

Chairman: Prof A.B. Uspensky (SRC “Planeta”, Moscow)

Co-Chairmen: Prof. V.E. Kunitsin (MSU, Moscow), Prof. A.F. Nerushev (SPA "Typhoon",
Obninsk), Dr. L.P. Bobylev (Nansen Center, SPb), Dr. A. Kokhanovsky
(Institute of Environmental Physics, University of Bremen, Germany)

The study of the physical parameters of stra tospheric aerosols in the
Earth's atmosphere

A.V. Morozhenko (mor@mao.kiev.yaA.P. Vidmachenko, P.V. Nevodovsky, N.M. Kostagry
Main Astronomical Observatory of National Acaderhgoiences of Ukraine, 27 Ak. Zabolotnoho str.,80836
Kiev, Ukraine

As it is known, the aerosol plays an important rialéhe formation of the thermal regime of
the Earth and its ozone layer therefore the sdiemmmunity is focused on its study very much.
The first investigations of the aerosol layer wtre space experiments on determining the optical
thicknesses from measurements of weakening thensunst the entrance (exit) of the artificial
Earth satellite (AES) in the shadow (from the sh@&dof the Earth (the eclipse experiments). In the
early 1990s, being based on the experience of sisabf polarization observations of Venus, a
group of J. Hansen (NASA USA) has developed a sgxperiment with observation complex
GLORY that includes scanning polarimeter in the &lamgth range 4184 < 2250 nm. The
purpose of this experiment is to study the physpralperties of aerosols and their spatial and
temporal variations. However, as for the observatiof the Venusian atmospherel & 300 nm the
phase dependence of the polarization degrée) is formed only in gas-aerosol medium, then in
the case of the Earth's atmosphere a significanat ifasome cases dominant) role plays the surface.
Therefore, a variety of known reflectance of theri@sphere + surface” makes it almost impossible
to get complies with the condition of optical horeagity of the dependence Bf(a), and it is
difficult to distinguish the atmospheric and sugaomponent.

During the observations at wavelengths 300 nm the absorbing ozone layer completely
cuts off the influence of the surface and the tegheric aerosol as well, i.e. those elements that
give the greatest horizontal heterogeneity of @btzoperties and have significant and unpredicted
temporal changes. The polarization degree is foromg in the gas-aerosol medium at heights
h>25km. The scanning in a plane that is parallelthe equator provides us with quasi-
homogeneous phase function of tRda), which is suitable for the determination of plogdi
parameters of the stratospheric aerosol at diffdegitude belts and for identifying their changes
over time.

Unexpected Increasing AOT Trends over North-We st Bay of Bengal in the
Early Post-Monsoon Season

Pavel Kishcha(pavelk@post.tau.ac)jlBoris Starobinefs Charles N. Long Pinhas Alpert
'Department of Geophysical, Atmospheric and PlaneSuiences, Tel-Aviv University, 69978 Tel-Avirgds
“Pacific Northwest National Laboratory, Richland, $tiington, USA

The Indian subcontinent is characterized by a 8ggmt population growth. According to
demographic predictions, India will become the nfoghly populated country in the world by the
year 2030 (~1.4 billion). This significant poputatigrowth is accompanied by developing industry
and increasing transportation, resulting in inceglaanthropogenic emissions and declining air
quality over the Indian subcontinent and surrougdiea areas. The main point of our study is that
aerosol trends can be created by changes in m&iggrowithout changes in aerosol source
strength. Over the ten-year period 2000-2009, itokr, MODIS showed strong increasing
aerosol optical thickness (AOT) trends of approxaghald % per year over north-west Bay of
Bengal (BoB) in the absence of AOT trends overdhst of the Indian subcontinent. This was
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unexpected, because sources of anthropogenic ipallwere located over the Indian subcontinent,
and aerosol transport from the Indian subcontit@morth-west BoB was carried out by prevailing
winds. In October, winds over the east of the Indabcontinent were stronger than winds over
north-west BoB which resulted in wind convergenoe accumulation of aerosol particles over
north-west BoB. Moreover, there was an increasmegd in wind convergence over north-west
BoB. This led to increasing trends in the accumaotabf aerosol particles over north-west BoB
and, consequently, to strong AOT trends over thea.a0ur analysis showed that natural aerosols,
neither desert dust no sea-salt aerosol, are likehe the cause of the AOT trends over north-west
BoB in October. These increased AOT trends ovethreest BoB in October indicate an increase
in anthropogenic pollution over the sea. In conttasOctober, November showed no increasing
AOT trends over north-west BoB or the nearby Indsabcontinent. The lack of AOT trends over
north-west BoB corresponds to a lack of trends indwconvergence in that region. Finally,
December domestic heating by the growing populatesulted in positive AOT trends of similar
magnitude over land and sea. Our findings illustthiat, in order to explain and predict trends in
regional aerosol loading, meteorological trendsughdne taken into consideration together with
changes in aerosol sources.

Comparison of ground-based and satellite measu rements of the total
amount of different atmospheric gases

Yu.M. Timofeyev (tim@troll.phys.spbu.yuD.V. lonov, M.V. Makarova, Ya.A. Vorolainen,

A.V. Polyakov, N.M. Gavrilov, A.V. Poberovsky
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

The ground-based complex for measuring the direletr dR-radiation spectra with a high
spectral resolution on the basis of Fourier-spectter Bruker is described. Information on
techniqgues and codes for interpreting the groursddhameasurements and obtaining the total
amount of various gases is provided. Errors of gdelbased measurements of various gases are
analyzed. A number of methodical questions conogrithe problem of comparing satellite and
ground-based measurements is considered. Exanfdesnparison of ground-based measurements
of total amount ozone, water vapor, KO, CIONQ, HCI, HF, NQ, HNQO;, CO,, etc. with
satellite measurements by means of OMI, SCIAMACIKBYOME, MLS, ACE, GOSAT devices are
given.

These studies were performed using the equipmehedbPbSU Resource center "Geomodel”.

The work was partly supported by St. PetersburteSdaiversity (research grants 11.31.547.2010 and
11.37.28.2011) and by Russian Foundation for Baegearch (grant 12-05-00596).

CLAUS: a CM SAF Cloud Dataset Derived from S EVIRI on Geostationary
Meteosat Second Generation Satellites

Anke Kniffka (anke.kniffka@dwd.deMartin Stengel, Jan Fokke Merink, Aku Riihela
Satellite Application Facility on Climate Monitogn(CM SAF), Deutscher Wetterdienst, FrankfurteaSthe
135, 63067 Offenbach, Germany

EUMETSAT's Satellite Application Facility on ClimetMonitoring (CM SAF) uses space-
based observations from geostationary MeteosatnBeGeneration (MSG) satellites plus polar
orbiting NOAA and MetOp satellites to provide shtelderived geophysical parameter data sets
suitable for research on smaller time-scales a$ ageklimate monitoring. CM SAF's portfolio
includes cloud parameters, radiation uxes, surfatteedo, and atmospheric water vapor,
temperature and humidity layered profiles on aaedgi and partially on a global scale.

CM SAF has recently officially released the dataBeAUS (CLoud property dAtaset Using
SEVIRI). CLAUS comprises micro and macrophysicalud properties derived from geostationary
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MSG1 and MSG2 satellites, covering the time spa2@4—-12/2011. Along with this, a surface
albedo dataset has also been composed based santleemeasurements and using CLAUS cloud
mask as input.

CLAUS was derived from measurements of SEVIRI (8pig Enhanced Visible and Infrared
Imager) which is a broadband line by line scanmadiometer with 12 spectral channels (0.4—
13.4um), its spatial resolution is 3x3 Krat sub-satellite point. SEVIRI radiances are catia
against MODIS in channels 0.6, 0.8 and 6. Cloud fraction, cloud type and cloud top fields
were created with the NWC SAF algorithm by Metearfée, while CPP of the Royal Netherlands
Meteorological Institute was employed to deriveudoptical and microphysical properties. The
surface albedo was retrieved with the SAL algorifhom the Finnish Meteorological Institute.

CLAUS was produced with the following features: Tdaa is available as daily and monthly
means, as well as monthly mean diurnal cycles amatity histograms. They possess a high spatial
and temporal resolution@x0.05° for the daily and monthly averages from hourly déte latter
are available on SEVIRIs 3x3 Krgrid. The careful calibration of SEVIRI radiancegnsficantly
increased the quality of the microphysical cloudparties. Due to the high temporal resolution,
errors resulting from sampling are very low. Thalgy of the derived cloud parameters is assured
in a validation framework including satellite-basedference observations (e.g. CALIOP, MODIS,
AMSR-E) and ground-based data (e.g. LIDAR and spesdiometer measurements as well as
synoptic data).

With CLAUS numerous applications on various temparal spatial scales are possible. Due
to the low sampling errors, the accurately retrieveean cloud properties allow to evaluate
numerical models concerning various cloud parammetach as cloud fractional cover, cloud top
parameters or microphysics. With unaveraged fialde the evolution of parameters during a day
can be studied down to spatial mesoscale. The nyontban diurnal cycles allow to study e.g.
variations of diurnal fluctuations during a year.

Analysis of dimensionality reduction techniques for ozone retrieval from
GOME instruments

Dmitry Efremenko (Dmitry.Efremenko@dIir.jJéAdrian Doicu, Diego Loyola,
Thomas Trautmann

Remote Sensing Technology Institute, German Aecespantre (DLR e.V.); Munchner Strasse 20, 82234,
Oberpfaffenhofen, Wessling, Germany

The new generation of European atmospheric ser&emsinel 5 precursor, Sentinel 4 and
Sentinel 5 are expected to provide high spatial simectral resolution spectra. The TROPOMI
instrument on the Sentinel-5 Precursor is expetdgatoduce about one order of magnitude more
data than its predecessor OMI, and about 50 timese rdata than GOME-2 on METOP A/B
(launched 2006/2012). In this regard, a fast preiogsof the data in the UV-VIS spectral domain is
required. To accelerate the processing of dat#aif.aj proposed to use the principal component
analysis (PCA) to reduce the dimensionality ofapéical parameters of the atmosphere.

We demonstrate the flexibility of this method byraducing several dimensionality reduction
techniques for the optical parameters. Besidegtimeipal component analysis, these techniques
include local linear embedding methods (localitysait embedding, locality preserving projection,
locally embedded analysis), and discrete orthogtmaaisforms (cosine, Legendre, wavelet). By
linearizing the corresponding radiative transferdelpwe analyze the applicability of the proposed
methods to a practical problem of total ozone caluetrieval from GOME measurements.

The design of a linearized radiative transfer mdud been established in a natural way,
without specializing the linearization approachatgpecific dimensionality reduction method. The
numerical analysis, dealing with the retrieval ofat ozone column from the GOME instrument,
has revealed the following conclusions:
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1. The maximum relative difference of the total me@olumn retrieved by the PCA-based
radiative transfer model is less than 0.006, witiéespeed improvement is of about 6.24—8.06.
2. The local linear embedding methods are moreratethan PCA, and have comparable

efficiencies. For example, the root-mean-squaixa difference of the locality preserving
projection is 2 times smaller than that of PCA, le/tihe increase in the computational time is of
about 1.05-1.08.

3. The discrete orthogonal transforms suffer froloveer accuracy and a lower computational
efficiency as compared to the linear embedding outhHowever, the differences are not
considerable. For example, the accuracy of disevatelet transform is comparable to that of
PCA, and the growth in computational time is of athib.22—1.30. In fact, the great merit of the
discrete orthogonal transforms consists in the koityof their construction, e.g., the discrete
cosine basis functions have a closed form repragsent which does not depend on the statistic of
the data set.

Numerical Simulations of Microwave Thermal Rad iation of Inhomogeneous
3D Rain Fields in the Millimeter Band

Ya.A. llyushirt (ilyushin@physics.msu.juB.G. Kutuza (kutuza@cplire.rj
!M.V. Lomonosov Moscow State University, PhysicsiBacLeninskie Gory, 119992 Moscow, Russia

2\/.A. Kotel'nikov Institute of Radio Engineering aféctronics RAS, 11-7 Mokhovaya st., 125009 Moscow
Russia

Passive microwave sounding is a very effective aodimonly applied technique for
investigation of atmospheric precipitation from epaProgress in this field is largely related te th
experiment SSM/I within DMSP project. Sounding weesformed on several frequencies within
19-85 GHz band from the 833 km high polar sun-syomabus orbit. Results of these measurements
have been involved in many papers [1].

As it is known, typical signature of the rainingraisphere in the microwave band is its
dichroism due to non-spherical shape of fallingnrdrops. Polarization of both the thermal
radiation and radar echoes is determined by tlusrdism. Most applied theoretical model of this
situation is a homogeneous flat slab medium.

Atmospheric clouds, and therefore rain fields, tgpcally spatially ingomogeneous (the so-
called broken clouds). In practice, a rain fietthsists of separate rain cells of several kilonseter
size. Numerical simulations of radiative transfesuch cell is very complicated in comparison with
flat layered slab medium.

In the present work, numerical results of compstetulations of thermal radiation in the flat
layer, 2D and 3D rain cell are presented. Radighbniess temperatures for vertical and horizontal
polarization are assessed. It has been shownhbard Stokes paramet®r(difference between
vertical and horizontal poalrization) can reach g 3-5 K, which is enough for reliable
identification of rain with space-borne microwavadiometer. Specifications of the orbital
interferometric radiometer necessary for detectand estimation of isolated rain cells are

discussed.
1. Czekala H., C.Simmer. Microwave radiative trensfith nonspherical precipitating hydrometeors
Journ. Quant. Spectr. Rad. Tran$998,60, 3, 365-374.
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The Operational Monitoring System of the Ozon e Total Column Values
from Russian Geostationary Meteorological Satel lite Electro-L N1

E.K. Kramchaninova, A.B. Uspensky (uspensky@platpetu)
State Research Center of Space Hydrometeorologgn4”, 7 B. Predtechensky per., 123242 Moscowsiaus

The paper describes the system of the total ozatemn (TOC) values operational
monitoring using imager MSU-GS (Multichannel ScamniUnit-Geostationary) measurements
from Russian geostationary meteorological satelligctro-L N1. The TOC estimation is based on
the linear regression algorithm (ridge regressiasing the MSU-GS measurements in 3 IR
channels 8.2-9.2, 9.2-10.2, 10.2-4in? as predictors. The data on atmospheric temperatur
profiles within the “ozone” layer, on surface temgiare and pressure provided by NCEP Global
Forecast System Model are used as additional poegicThe products of developed operational
monitoring system are the TOC fields on the reggjad with step 0.5° by both latitude and
longitude above the Eastern hemisphere in thelisatiéld of view (disk centered in the satellite
point on 76°E within the radius of 65°). The fieldse represented in numerical and graphical
forms. The comparison to respective OMl-based TGimates and NCEP TOC estimates
demonstrates the reasonable error level for MSW&®d TOC estimates: the relative absolute
biases are in the range 1-2%, while the relativeSEMalues are about 5-7%, depending on the
surface type.

Utilization of Information on Meteorological a nd Land Surface
Characteristics from Polar-Orbital and Geostati  onary Meteorological Satellites
for Modeling Water and Heat Regimes of a Va st Territory

Z.P. StartsevVa(zoya@aqua.laserYuE.V. Volkov&, A.B. Uspensk$; E.L. Muzylev
"Water Problem Institute RAS, 3 Gubkin str., 11988&cow, Russia
“State Research Center of Space Hydrometeorologgnth”, 7 B.Predtechensky per., 123242 Moscow, iRuss

The methods have been developed to estimate wadeneat regime characteristics of a vast
agricultural region for vegetation season basegloysical-mathematical model of land surface-
atmosphere interaction. The model is intended fonukating evaporation from bare soill,
transpiration by vegetation, soil water and heabhteot and other water and heat regime
characteristics for the study area as well asauil vegetation surface temperatures and vertically
distributed soil temperature and moisture. It isa@dd to the satellite-derived estimates of
vegetation cover and meteorological characteristidse case study has been carried out for
agricultural Central Black Earth region (CBER) bétEuropean Russia of 227.300%wontaining
7 regions of the Russian Federation for years 22082 vegetation seasons.

In the study the new and pre-existing methods amdhriologies of radiometer
AVHRR/NOAA, MODIS/EOS Terra and Aqua and SEVIRI ¢gtationary satellites Meteosat-9, -
10) thematic processing data have been developeefined providing the retrieval of vegetation
cover and meteorological characteristics which @¢obé used as the model parameters and
variables. The methods of their utilization in thedel have been also developed. The estimates of
three types of land surface temperature (LST): kskid temperaturésg, air temperature at a level
of vegetation covelrl, and efficient radiation temperatuf@ e emissivity E, vegetation index
NDVI, vegetation cover fractiol, leaf area index LAI, cloudiness and precipitatttave been
derived from AVHRR data. The set of remote sengingducts derived from MODIS data has
comprised estimates of LSfs, £, NDVI u LAI. The SEVIRI-based retrievals have includgg 7,,

E at daylight and nighttime and precipitation. Vexdiion of the AVHRR-derived LST estimates
has been performed through comparison with tempeEsimeasured at agricultural meteorological
stations of the region. The reliability of MODISdmal LST estimates has been confirmed by the
results of their comparison with ground-based olzd@n data and similar estimates derived from
synchronous AVHRR and SEVIRI data. The SEVIRI-dedTls estimates have been built using
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developed original method of thematic processingedeon the consecutive application of a local
“Split Window” algorithm and the method of “Two Te@@ratures” and using SEVIRI data for
cloud-free conditions in the IR channels N9 (1008)jand N10 (12 pm) at three successive times
without accurate a priory knowledge Bf The reliability of Tls estimates has been vedifigy
comparison with similar synchronous independent IBEderived 7is estimates produced in LSA
SAF (Land Surface Analysis Satellite ApplicatiorechHity, Lisbon, Portugal). The SEVIRI-based
Ta estimates have been built using new developddested method utilizing satellite-derivéd
estimates and its regression relationship withdetermined by ground-based data. Obtained
satellite-derived’; estimates have been compared with data of synchsostandard network timed
observations at agricultural meteorological staiohCBER for the vegetation seasons above.

The complex threshold method (CTM) for automatiepby-pixel classification of AVHRR
and SEVIRI data has been developed and tested disigns for the cloud detection and
identification of its types, estimation of the maxm liquid water content and water content of the
cloud layer, allocation of precipitation zones addtermination of instantaneous maximum
intensities of precipitation in the pixel rangeveall as other cloud cover characteristics arourd th
clock throughout the year independently of the landace type. Results of measurements in 5
AVHRR channels or in 11 SEVIRI channels as weltlasr differences are used in the CTM as
predictors. Dynamic threshold predictor values @kulated for each pixel as a function of the
height of the sun, calendar day, the surface anmpézature as at 2 m as reduced to sea level, the
maximum temperature in the atmospheric column algpven point, latitude and altitude of site
above sea level, the angle of the satellite sightetc. In this study estimates of daily, monthigl a
annual sums of precipitation for the considered RB&ea have been built using the CTM.
Validation of the method has been carried out usipgervation data on rainfall during the day at
agricultural meteorological stations. The AVHRR-daiBSEVIRI-derived daily and monthly
precipitation totals have been in good agreemetit griound-measured values and with each other.
Discrepancies have been registered only for locakima for which satellite-derived rainfall
estimates have been considerably less than folgthend-based ones that may be due to the
different spatial scales of area-averaged satelété&ved and point ground-based estimates. The
obtained satellite-derived estimates of preciptatcan be considered as equivalent of ground-
measured meteorological data.

To utilize described remote sensing products innioglel the special techniques have been

developed that included: 1) replacement the vahfigbe model parameters LAl aidetermined
by observations at agricultural meteorological istet by their satellite-derived estimates.
Adequacy of such replacement has been confirmetthdoyesults of comparing time behaviors of
LAI built by ground- and satellite-based data, adl\ws modeled and measured values of soil water
contentW and evapotranspiratidf, and the ground-measured and satellite-derived satieSTs;
2) entering the values of LSTR ¢ Tis and 7, retrieved from the AVHRR, MODIS and SEVIRI
data and AVHRR- and SEVIRI-derived estimates ofcimigation into the model as the input
variables instead of the respective ground-measteatperatures and rainfall; 3) taking into
account spatial variability of satellite AVHRR-, NDOS- and SEVIRI-derived estimates of LAI, B,
LST and precipitation by inputting their area-distited values into the model.

The final results of the study are fields of soiisture, vertical water and heat fluxes and
other characteristics of the water and heat regiaieéSBER territory simulated using the model
adapted to satellite data for years 2009-2012 aéigatseasons.
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About Supercomputing in Problems of Space Env  ironmental and Climate
Monitoring

V.V. Kozoderov, T.A. Sushkevich (tamaras@keldysh.8JA. Strelkov, A.N. Andrianov,

S.V. Maksakova, B.A. Fomin, L.D. Krasnokytskaya
M.V. Keldysh Institute of Applied Mathematics RASliusskaya sq., 125047 Moscow, Russia

New and promising possibilities of mathematical elody of the Earth's atmospheric
radiation for solving direct and inverse problenmstbe basis of the kinetic equation of radiative
transfer and hyperspectral remote sensing of t@sgihere and the Earth's surface are connected
not only with the development of a universal infation and a mathematical system for a wide
range of applications on supercomputers and chusigh supercomputing and parallel computation
distribution of resources, but also with the creatnd development of international GRID-systems
and thematic of cloud systems.

These studies are supported by the Russian Furiglafsic Research (Projects No. 11-01-00021, 12-
01-00009) and Russian Academy of Sciences (PrbiecOMN-3(3.5)).

The possibility to Extract Information about Aerosol and Cloud Structure
from Satellites Equipped with High-Resolution Polarization Sensors

B.A. Fomin' (b.fomin@mail.ry, V.A. Falaleeva (victory@phystech.edu
Central Aerological Observatory of Roshydrometedy@mayskaya ul., Moscow region, Dolgoprudny, Russi
“Moscow Institute of Physics and Technology, 9 timskiy, 141700 Dolgoprudny, Russia

Clouds and aerosols “remain the dominant uncewaimtthe radiative forcing” (IPCC,
2007). So retrieval of clouds and aerosols is aiggge in satellite remote sensing. At present the
satellites, such as MODIS, provideore or less enough information about global distribatof
their optical thicknesses. However the radiativeify depends not only on the optical thickness
but also on the structure of the optical active ponents, especially on their vertical profiles. $hu
it's necessary to develop suitable experimentaltaadretical methods for the retrieval of the cloud
and aerosol structures.

In this report we discuss the passive retrievdinee that uses a combination of the cross-
nadir polarimetry and high-resolution spectroscolpyis based on the underlying principle that
radiance at different spectral points possesséelift penetration depth inside the scattering enedi
due to high variability of the molecular absorptidingives a possibility to investigate atmosphere
layer by layer. Efficiency of this technique is Wedcognized and NASA, CNES as well as other
space agencies have already launched (e.g. POLBEdRplan to launch a set of the polarimetry
sensors (e.g. Aerosol Polarimetry Sensor (APS-NI382year) and Multi-viewing Multi-channel
Multi-polarization Imagers (3MI, 2020-2036 year)he spectral resolution (bandwidth) of these
and other sensors is about’d®™. Unfortunately such resolution is not enough tdaib the
maximum amount of information encoded in the spgeofrthe outgoing radiation because it takes
resolution of ~ 0.01-0.1 cfrto resolve each spectral line in the troposphedel@ner stratosphere.
However the real usefulness of such so high-resoluinstruments evidently needs to be
preliminary confirmed by means of the numericaleskpents.

Retrieval of aerosols and clouds structure needsonty high-resolution data, but also
information about the polarization. We will show wihhe information from high-resolution
polarization sensors plays major role and give éxamples how it can help solving many remote
sensing problems. One of these problems is retatéte semi-transparent cirrus clou@s)(which
often being 'invisible' produce essential errorsthe retrieval data (surface temperature, cloud
height, etc.). The technique mentioned above carsbtul also for detection of cirrus cloudd)(

We present both the shortwave and longwave potariz® “forward” models recently
developed for this remote-sensing technique. Thesdels are based on the combination of Line-
by-Line (LbL) and Monte Carlo (MC) methods. Theningipal feature is rigorous treatment of
molecular absorption and scattering along withipaldte scattering of the polarized radiation and
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emission of the longwave radiation by atmosphehe Models and their original algorithms will be

briefly considered in our presentation. Finall\get of numerical experiments with different aerosol
and cloud models including realistic cirrus clowtl)(models will be discussed to make clear the
real opportunities of this retrieval technique.

We are grateful to Bryan Baum (University of Wissim USA) for providing the data on the real
cirrus clouds. Also we would like to acknowledgé thle support from Tamara Sushkevich of Keldysh
Institute of Applied Mathematics (Moscow, Russia).

This work was supported by grants RFBR (11-01-00@2#l (12-01-00009).

1. IPCC, 2007: Summary for Policymakers. In: Cliem@hange 2007: The Physical Science Basis. Cotitibu

of Working Group | to the Fourth Assessment Repbthe Intergovernmental Panel on Climate Change
[Solomon, S., D. Qin, M. Manning, Z. Chen, M. MaigjK.B. Averyt, M.Tignor and H.L. Miller (eds.)].
Cambridge University Press, Cambridge, United Korgcand New York, NY, USA.

Annual Cycle and Spatial Distribution of Clou d Overlap Parameter: An
Assessment Based on Satellite Data

Alexander Chernokulsky (a.chernokulsky@ifaran.Algxey V.Eliseev
A.M. Obukhov Institute of Atmospheric Physics, RBASyzhevsky per., 119017 Moscow, Russia

An incorrect simulation of cloud characteristicte up-to-date global climate models is the
main source of the uncertainties in climate progest. Assumptions on cloud overlap implemented
in a climate model may affect markedly modeledatide fluxes. To increase the ability of climate
models to simulate the real climate, it is prefeyato know the value of the cloud overlap
parametera which is a measure of the relative weight of maxim(a = 1) and randomd = 0)
overlap. This parameter may be used to diagnoa@velcontribution of convective and stratiform
cloudiness to total cloud fraction.

Here we present an estimate of geographical digioib of a derived from up-to-date satellite
observations. To assess values of total cloudidrctve used cloud masks CERES and MODIS,
which both are based on multispectral passive shiens from Aqua satellite (CERES SSF
product and MODIS collection 5.1). Active CALIORIdir observations were used to evaluate cloud
fraction at different levels (CALIPSO-GOCCP datas€@loud overlap parameter was calculated
by merging passive and active satellite datasatyy @onthly means for 2006-2010 were used in
these calculations.

The most prominent annual cycle @fis noted in the monsoon regions wheres close to 1
in winter and almost 0 in summer. For CERES tol@ali@ fraction,a is equal to 0.36 in July (0.38
in January) for the entire Earth, it is 0.39 (0.#¥Northern Hemisphere and 0.33 (0.33) in Southern
Hemisphere. Values af are lower when MODIS total cloud fraction is usgltibal annual meao
is 0.37 for CERES and 0.25 for MODIS. We found thais linearly dependent on total cloud
fraction in most regions, except in the southeopits. The maximum cloud overlag (s close to
1) is associated with small values of cloud frattamd occurs in subtropical highs over the ocean
and in subtropical and polar deserts over landtf@nother hand, the random cloud overlapq
close to 0) occurs in regions with large valueslotid fraction (e.g. ITCZ and midlatitudinal storm
tracks). Moreover, we found that vast regions o tBouthern Ocean (around °@&) are
characterized by negative values @f mostly in summer. Presumably, an assumption ef th
minimum overlap of cloud layers should be usedasé regions due to strong baroclinic instability
and horizontal shift of cloud layers.

The relationship ofr with total cloud fraction in their spatial distation is evaluated. We
noted thata linearly depends on total cloud fraction worldwi@xcept southern subtropic ocean).
The relationship ofr with wind is assessed as well.

The work has been supported by the Russian Mingdtgducation and science (agreement 8617), by
the grant of the RF President MK-3259.2012.5, leyRlussian Foundation of Basic Research under gjfant
05-00972 and by the Global Energy partnership (echtMG-2012/04/1).
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BoccraHoBneHne nNpocTpaHCTBEHHO-BPEMEHHOW CTPYKTYpPbl UCTOYHUKOB U
CTOKOB AMOKCMAa yrnepoga no AaHHbIM rnobGanbHbIX HaGnoaeHUn

XKypasines P.B. (ruslan.zhuravlev@gmail.coni ansimn A.B., Makcrotos 111111,
OmenkoB C.JI., XarratoB b.B., JIykesnoB A.H., benukos /I.

Lenmpanvnas asponocuueckas obcepsamopus, yi. Ilepsomaiickas 3, Jonzonpyousiii, Poccust

OOpatHas 3amada aTMOC(EPHOTO TIEpPEHOca pellanack B MPUIOKEHHH K OICHKE
CpemHeMecsYHbIX Tpu3eMHbIX TOoTokOoB CO, mma 2009 roga ¢ uCnosb30BaHWEM Ha3eMHBIX
mabmoneanii CO,, a Ttaxke HaumHag ¢ uroHd 2009 roma ¢ mcmonb30BaHUEM HAOMIOAEHUHA CO
cnytauka GOSAT. [lompaBku K TOJsSIM TOTOKOB JJIsi WHTEPECYIOIIETO HAC BHJAA HMCTOYHHUKA
OIMCHIBAIOTCS KaK JTMHEHHAs KOMOWHAIMS TPUHIIUITAATBHBIX KOMIIOHEHT COOTBETCTBYIONIHMX MOJICH
ra3o00MeHa Ha TOBEpXHOCTH. J[is pacdera aTMoc(hepHOro MmepeHoca MCIOIb3yeTCss COBMEIIICHHAs
sitnepoBas-narpamxkeBas moaeabr (GELCA model).B cBs3u ¢ TeM, 4To HCIONB3yeTcss OONbIIOe
konyectBo Habmogenuii (6000—-80008 mecsi), amst pemeHuss oOpaTHOM 3ama4yn OblLla BEIOpaHa
MeTonuka KalMaHOBCKOTO CriakuBaHus ¢ (PUKCUPOBAHHOW IJIMHONW OKHA aCCUMUIISIIIUU, KOTOPAs
MO3BOJISICT OIICHWBATh MECSYHBIC IOTOKHM IOCIEAOBATEIbHO, B COOTBETCTBHH C BBIOPAHHBIM
pa3MepoM OKHA aCCUMUJISIIUH.

Pe3ynbTaThl pacyeToB MpeACTaBICHBI B BHJIC IBYMEPHBIX MOJICH CPEeTHEMECYHBIX IOTOKOB, a
TaKk)Ke TMepepacCUUTaHbl il BBHIOPAHHBIX PETHOHOB. PacyeThl MOKAa3bIBAIOT CYIIECTBEHHOE
YMCHBIIICHHE OICHKH HEOIPEICICHHOCTH ITOTOKOB TPH MCIIOJIh30BaHUK HAOJIOICHUIN CO CITyTHHUKA
GOSAT.

World Data Center For Remote Sensing of the  Atmosphere (WDC-RSAT):
Near Real-Time Measurements and Innovative Dat a Products

O. Gusev (oleg.goussev@dInd®. Bittner and J. Meyer-Arnek
German Aerospace Center (DLR), German Remote SeDsita Center, Atmosphere, Oberpfaffenhofen,
Germany

The World Data Center for Remote Sensing of the dSphere (WDC-RSAT) offers
scientists and the general public free accessdonsinuously growing collection of atmosphere-
related satellite-based data sets (ranging fromtoawalue added data), information products and
services, focusing on atmospheric trace gasess@sradynamics, radiation, and cloud physical
parameters. Complementary information and data wfacse parameters (e.g. vegetation index,
surface temperatures) is also provided. Selectathpbes of near real-time data products (NRT)
and archived datasets will be shown in this pregemt.

Development of Interpretation Algorithms and t  he Numerical Simulation of
the Atmospheric Sounding by IR and Microwave Devices onboard
METEOR 3

A.V. Polyakov (polyakov@troll.phys.spbu)rdru.M. Timofeyev, V.S. Kostsov, Ya.A.

Virolainen
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

Different algorithms and codes for interpreting txtgoing IR and microwave radiation
measurements by IRFS-2 and MTVZA. The algorithmd endes are intended for retrieving the
temperature, humidity and ozone profiles, the lemdperature and emissivity, the sea temperature
and near-surface wind velocity, the water contérdl@uds, etc. in various versions of the code, as
algorithms for solving the inverse problem, the tiplé linear regression (MLR), the artificial
neural networks (ANN) and non-linear iterative phgb algorithm (IPA) based on the optimal
estimation method. In ANN technique, to enhanceeffieiency of solving the inverse problem, the
principal component analysis is used for tempeeatmnd humidity profiles and IR spectra that
allows to reduce significantly dimensions of praobe
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On the basis the closed-loop numerical experimemntsrs of the temperature-humidity
sounding using the outgoing IR spectra measureithdgpecified devices are estimated for all the
above algorithms. Noticeable advantages of the A#thod in comparison with MLR are shown.
So, at IR-temperature sounding at the heights &2 km the MLR gives considerably greater error
(a difference is to 1K), and IPA — almost the sarer, as ANN technique. When using the ANN
technique, retrieval errors for the relative huryidire about 10-15% at the heights. In the lower
troposphere, approximately the same error giveslf#e approach, but advantages of the INS
technique increase with the height growth. Resofitthe microwave sounding for a number of
integrated parameters of the atmosphere and acsurfthe water surface temperature, near-surface
wind velocity and cloud water content — are consde
The work was partly supported by St.PetersburgeSiatversity (research grants 11.31.547.2010
and 11.37.28.2011) and by Russian foundation feidBResearch (grant 12-05-00445).

Ultraviolet Polarimeter for Studying the Aeros ol Component in the Earth
Atmosphere

P. Nevodovskyi (nevod@mao.kiev.)aA. Morozhenkd, A. Vidmachenkd,
M. Geraimchuk (geraimchuk@kpi.edu.yigA. Zbrutskyf, Yu. KurenioV, V.Sergunif,
Yu. Hirniak’, O. Ivakhiv’ (ptm@polynet.lviv.up
'Main Astronomical Observatory of National Acaderfisaiences of Ukraine, 27 Academika ZabolotnohpG3680
Kyiv, Ukraine
“National Technical University of Ukraine “Kyiv Pagchnic Institute”, 37 Pemohy ave., 03056 Kyiv, &lke
%Lviv Polytechnic National University, 12 S. Bandsta, 79013 Lviv, Ukraine

The changes of the weather and climate on the Bapbnd on the temperature balance of the
planet, i.e., on the flow of radiation coming frahee Sun and emitted by the Earth into cosmic
space. The changes of transparency coefficierds @ptical thickness of the atmosphere) and
reflection coefficients (i.e., Earth surface) twat to be decisive factors disrupting this balance.
Variations of the gaseous and aerosol componenteatmosphere make an essential contribution
into the changeability of the existing balance. Blratosphere and the ozone layer which protects
the Earth from a severe ultraviolet radiation drepecial importance in the atmosphere.

Stratospheric aerosol plays an important role i@ thrmation of a heat regime and in
providing a powerful ozone layer (at the altitudeower 30 km). Spectrophotometer investigations
made it possible to obtain certain data on thektlass of aerosols on these altitudes. However, its
nature (i.e., a real part of the refraction indaxgl size distribution functions have not be studied
far. Polarization measurements enable one to noostatly determine these characteristics.

The leading astronomical observatory of the Naligkeademy of Sciences of Ukraine in
collaboration with the National Technical Univeysadf Ukraine “Kyiv Polytechnic Institute” have
been carrying out research since 2005 till nowaaayshe development of on-board polarimeters
for the purpose of studying the stratospheric agrivem the orbit of Earth satellites [1, 2]. Based
on this research, an experimental small sized jpodder for investigation of a stratospheric aerosol
from the orbit of the satellite was created. laigiot one-channel ultraviolet polarimeter with a
rotated polarization element. Glen prism is usec g®larization element which is initiated into
motion by a miniature piezoelectric motor. “Surablli low-sized photomultiplier R 1893 made by
“Hamatsu” Co. serves as a radiation receiver tlpgrates in one-electron regime. The elaborate
scheme as well as the compact structure made silpego produce an on-board device weighting
0.8 kg and having the volume of the optical-andima@acal section of 0.33 liter, which enables one
to place it on board of any microsatellite. Adjustih and experimental investigation of the

developed equipment are carried out at the moment.
1. P.V. Nevodovskyi, A.V.Morozhenko. Studies inttatospheric ozone layer from near-earth orbitzirti
ultraviolet polarimeterActa Astronautica69, 1, 54-58.
2. M. GeraimchukQ. Genkin,O. Ivakhiv, et alElements and Systems of Polarization Devices forshace
Investigation Kyiv: EKMO, 2009, 188 p. (in Ukrainian).
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Assimilation of GPS-RO Profiles and its Impac t on CPTEC/INPE Global
Model

Dirceu Luis Herdies (dirceu.herdies@cptec.inpe Blavio Santos de Cerqueira and Luiz

Fernando Sapucci
National Institute for Space Research — INPE CefaeWeather Forecast and Climate Studies, Rodovia
Presidente Dutra km 40, 12630 Cachoeira PauliSf,Brasil

Assimilation of Radio Occultation profiles has showo be a useful tool to reduce
deficiencies in the meteorological data collectsystem. These profiles have the potential to
improve the quality of the initial model conditiogenerated in the process of data assimilation, and
have been applied successfully by many weatheigti@as centers. In order to explore the benefits
of this additional data source on numerical weathrediction generated by the CPTEC/INPE
global model, experiments assimilating COSMIC pesfiinto PSAS (Physical-space Statistical
Analysis System) have been done. In order to imy&tst the impact of RO-GPS data on the
analysis and forecast generated by the CPTEC/INBfiagmodel, COSMIC atmospheric profiles
of geopotential height and water vapor were empldge two months (January and July 2009) .
Experiments show that the assimilation of GPS-R@ tads to a significant reduction of biases in
the forecast of geopotential, humidity and windthe upper troposphere and the stratosphere, as
well as a better RMS fit when compared to analyBie results show that the inclusion of GPS-RO
data extends the forecast range by 36 additionaishd@he impact on forecasts was most prominent
when processing the data from the Southern Hemispeomaly correlation score for 500 hPa
geopotential heights improves by 0.17-0.22 in tltlsern Hemisphere. The benefits from
assimilating GPS-RO data were also shown to applyind and humidity, demonstrating a
significant and positive impact of GPS-RO datah CPTEC/INPE global model forecasting.

Satellite Passive Correlation CO Sounding in A tmosphere with Usage of a
Fabry-Perot Interferometer

S.F. Balandin_(bal@iao.yuS.A. Shishigin
V.E. Zuev Institute of Atmospheric Optics SB RASdAmician Zuev sq. 1, Tomsk 634055, Russia

The carbon monoxide CO plays a major role in atrhegp chemistry, influencing on the
oxidizing ability of a troposphere, pollution detysof air and content of ozone in it. Total quantit
on a global scale will increase. However velocityhe increase is determined difficultly because of
high spatial and time oscillations of the CO cohtenatmosphere. In southern hemisphere, the
mean ratio of CO and air for a surface of the Eexth 70 ppb, in northern hemisphere it increases,
reaching on the latitude 600—200 ppb. The CO dgstmainly in troposphere due to the interaction
with OH. The quantities of anthropogenous and @&inks CO are comparable.

Now the global measurements of the CO content | a@tmosphere are carried out
approximately in 100 terrestrial units and at 2&iehs. The satellite data on the CO content in the
atmosphere are obtained by interpreting IR measemisn Satellite CO measurements have been
fulfilled, since 200Q., using the MOPITT device with modulators of theegsure and optical
trajectory such as LMC-1, LMC-2, LMC-3, PMC-1, PM&Cin correlation gaseous cells with band
centers of 2166 and 4285 ¢mThe mean error of measuring is 7—14 %. During ldmg-time
satellite monitoring CO in an atmosphere, the @btgarameters of a cell can vary owing to the
partial decay CO carrying on to change of his va@wuancentration, and the adsorption of atoms of
carbon on cell walls. In the report the possibibfyusing the Fabry-Perot interferometer instead of
a correlation cell is considered as a selectiverfjpermitting to remove this deficiency. By a s¢tle
of parameters of an interferometer it is possibled¢hieve a good fit of reflection interferometer
spectrums to a spectrum of the CO attenuationceila

The information system “SPECTRA” IAO was used irlcakations of the IR attenuation
spectra due to atmospheric gases. When the reftefactor of interferometer mirroR = 0.7, the
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distance between mirrotd = 0.139 cm, the mirror absorption coefficieht= 0.02, the angle of
mirrors W = 0.2003 rad, the level of the interferder signal reaches 80 % of the signal level in the
correlation cell. Thus, the total influence of aspberic interferences diminishes in 1.5-2 times.

The proposed techniques of the measurements abdeusaother gases in the atmosphere,
especially for such, where the gas-correlation eeitording to calculation dates, should has alarg
length H,0 — 5400 m, C®-50 m and etc.) and in case of chemical-activeg#sS, &, SO and
etc.), when the usage of a cell practically becormg®ssible.

The Measuring Technique of Vertical Allocation of the Content of Methane
in the Atmosphere with the Help of a Correl ation Radiometer

S.A. Shishigin (ssa@iao.ru)
V.E. Zuev Institute of Atmospheric Optics SB RA&;addemician Zuev sq., Tomsk 634055, Russia

The calculation of an output signal of a correlati@adiometer involves the necessity of
replacing the inhomogeneous atmospheric layers bmogeneous ones with the radiance
temperature of a specific spectral radiation rang®responding with the radiation of
inhomogeneous layer [1]. The transmission functbthe chosen homogeneous atmospheric layer
is obtained on condition that their values correspdo the transmission function of a real
atmospheric layer. The brightness temperature ¢dyar characterizes emissive properties of
homogeneous layer and it can be presented as fenetivwd temperature of thinner homogeneous
sub-layers, at which the thermal radiation of sayets is equivalent to the radiation of the
homogeneous layer.

The change of the effective brightness temperatieehomogeneous layer with its thickness
is studied in the methane absorption band of 12260dv™. The deviation of the gas
concentration from the reference its distributionatmosphere is showed up in a change of the
output signal of a radiometer measuring the todal gplumn in the atmosphere and using a gang of
correlation cells with explored gas at differentgsures. The processing of results of simultaneous
measurements of the gas content from the spaderphaby a correlation radiometer with a gang of
correlation cells allows operatively determining tthanges in vertical gas distribution during the
satellite motion [2]. The impact of the methanetean variations in lower atmospheric layers on

the output signal of the correlation radiometeated on the space platform is specified.
1. Balandin S.F., Starnovskii S.A., Shishigin SMalysis of possible application of the gas lifjler
correlation method to space measuring of methantenbin the atmospherAtmos. Oceanic Opt2008,21,
10, 782-786.
2. Shishigin S.F., Starnovskii S.A. Influence ofti@l heterogeneity of atmosphere on a outputaigha
satellite correlation radiometdssledovaniya Zemli iz Kosmqs2013, 1, 9-15.

An Automatically-Controlled Method for Determin ing Jet Flows
Characteristics Based on Geostationary Satellit e Measurement Data

R.V. lvangorodsky, A.F. Nerushev (nerushev@typhooninsk.r)
Research and Production Association “Typhoon”, 4Bdy Street, Obninsk, 249038, Russia

Jet flows (JF) as a significant element of the apheric general circulation not only
influence on the distribution of thermodynamic paesers and on the gas admixtures contents in
the upper troposphere and stratosphere, but alsobman effective source of inner gravitation
waves (IGW) responsible for the energy and pulsshaxge between the troposphere and upper
atmosphere. Besides, JF have a significant effedhe aircraft flight range and duration in the
upper troposphere.

In view of the well-known general laws of jet flowpatial distributions on the globe, their
location and characteristics (geometric dimensioresimum wind speed along the axis, a effective
lifetime) undergo significant spatiotemporal vaoas. The knowledge of a JF location and its
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characteristics is crucial for solving a seriepw@ctical problems. The use of the method developed
by us for determining the characteristics of atnhesig motions from the data of geostationary
meteorological satellite data [1] and of the noseftware makes it possible to automatically
determine in the quasi-real time the location amel above-mentioned JF characteristics in the
upper and middle troposphere.

The images of the Earth obtained with a temporsbltgion of 15 min by the radiometer
SEVIRI in the channels of water vapor of 6.2 and micrometer from the European geostationary
meteorological satellites of the second generaiitTEOSAT-9 and METEOSAT-10 serve the
initial information. With the use of the softwareeweloped, the zones of JF are chosen
automatically (the ranges with the horizontal wisppeedV = 30 m/s) in the upper and middle
troposphere. Their characteristics (orientationgth, width, surface area, maximum wind speed
along the axis, effective lifetime) are determinétie effective lifetime means the period of time
during which several JF integral characteristiessarstained within certain limits.

JF characteristics in the range o @-60 N, 60 W—6C E for about an annual period are
analyzed using the available database of satafliages. Certain regularities of their spatiotempora

variability have been revealed. Main directionsutéire studies are formulated.
1. Nerushev A. F., and E. K. Kramchaninova. Metfaxdetermining Atmospheric Motion Characteristics
Using Measurements on Geostationary Meteorolo@estlliteslzv., Atm. and Oceanic Physi&011,47, 9,
1104-1113.

The Determination of Precipitation Characterist ics from the Satellite
Measurements in the Optical Wave Length

A.F. Nerushev_(nerushev@typhoon.obninsk.RiE. Chechin
Research and Production Association “Typhoon”, 4Bdy Street, Obninsk, 249038, Russia

Atmospheric precipitation refers to most importargteorological phenomena, the definition
of which, and moreover the forecasting, are ofeagpractical importance for different spheres of
human activities presenting one of most difficultofdems in synoptic meteorology and
climatology. There are several methods for detemygimprecipitation characteristics from the
satellite measurement data in the visible, IR ancrowave regions of wave lengths. A typical
characteristic of the majority of these methodshies use of a great number of atmospheric and
underlying surface parameters, the knowledge otlwheeds diagnostic of forecasting information
containing in turn the determination of measureneerdrs.

The present paper describes a method used fomdeieg precipitation characteristics with
the use of a minimum number of parameters. Ford#termination of precipitation intensity two
parameters are used: the cloud optical depth inithiele wave ranger{ and the effective radius of
cloud particles ref). The spatial distribution of and ref is determined from the data of the
spectroradiometer MODIS. To determine the total am® of fallen precipitation it will be
sufficient to use two more parameters — the clostiesn extent and the velocity of its motion. The
characteristics mentioned are at present deternfinedthe measurement data of geostationary and
polar-orbital satellites.

The method was tested at computations of predipitatharacteristics during the cold season
when cyclone Xinthia passed over West Europe imd&lp 2010 and during intense snowfalls over
Europe and the European territory of Russia in IA012 and in January 2013 caused by Atlantic
cyclones. The comparison results of computatiomal abservational data obtained at WMO
stations are presented along with the estimatidéresrors of the method used for determining the
characteristics of precipitation from frontal closygstems in the cold season. The rangeaidref
variations in precipitating and non-precipitatinipuds was determined. A possibility of a 6-hr
forecasting of precipitation characteristics witle ise of the method proposed is considered.
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Nowcasting of Aircraft Icing Conditions in Mo scow Region Using
Geostationary Meteorological Satellite Data

Olga V. Barabanova (olya-in-castle@yandex.ru)
M.V. Lomonosov Moscow State University, Facult@ebgraphy, Leninskie Gory, 119991 Moscow, Russia

Nowadays the Main Aviation Meteorological CentreMoscow (MAMC) provides forecasts
of icing conditions in Moscow Region airports usimgormation of surface observation network,
weather radars and atmospheric sounding. Unforeynadatellite information is not used properly
in aviation meteorological offices in Moscow Regiomeather forecasters have deal only with
satellites images of cloudiness. The main forecasté MAMC realise that it is necessary to
employ meteorological satellite numerical data frdiffierent channels in aviation forecasting and
especially in nowcasting.

Algorithm of nowcasting aircraft in-flight icing cdlitions has been developed using data
from Geostationary Meteorological Satellites “Metab9”. The algorithm is based on the
brightness temperature differences. Calculationbfhtness temperature differences helps to
discriminate clouds with supercooled large dropsmelsevere icing conditions are most likely. Due
to the lack of visible channel data, the sateliti@g detection methods will be less accurate at
night. Besides this method is limited by opticalhick ice clouds where it is not possible to
determine the extent to which supercooled largepgirexists within the underlying clouds.
However, we determined that most of the opticdtigk cases are associated with convection or
mid-latitude cyclones and they will nearly always/é a layer where supercooled large drops exists
with an icing threat.

This product is created hourly for the Moscow AgaSe and marks zones with moderate or
severe icing hazards. Verification of the algorithising aircraft pilot reports shows that this
algorithm is a good instrument for the operatiopeictise in aviation meteorological offices in
Moscow Region. The satellite-based algorithms preskehere can be used in real time to diagnose
areas of icing for pilots to avaid

Tropospheric NO , Trend over St. Petersburg as Measured from Space

D.V. lonov (ionov@troll.phys.spbu.yuA.F. Mishchenko
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

Atmospheric air pollution is a strong and permantdtor affecting human beings and
environment. The main source of this pollution s anthropogenic emission of different trace
gases, including nitrogen oxides (NONO+NQ,). These gases are not only radiative- and
chemical- active compounds, but also a hazardausgpobeing harmful for the human health in
high concentrations.

The data of many years tropospheric N€atellite measurements, carried out by the
instruments GOME, SCIAMACHY and OMI in 1996-2012emn consolidated into a uniform
series to analyze possible long-term change owecitly of St. Petersburg. Most recent processing
of satellite data was used (http://temis.nl, verstp and compared to the results of previous simila
studies. The new data was found to considerabferdifver the region of study (St. Petersburg) —
for instance, tropospheric N@olumn is reduced almost twice during winter tifgempared to
data version 1). Resulting time series of monthgBamtropospheric N{Ocolumn over the duration
of ~17 years, was approximated by a model fundédimg into account the linear term (increase or
decrease) and the components to characterize roketgioal conditions responsible for the
accumulation or dispersion of NGn the troposphere — boundary layer height, serfa@ssure,
surface temperature and wind speed data from ECMB#Sed on that analysis, statistically
significant trend is estimated to be ~ 6% per yedrich is in general agreement with an official
estimates of N@Qemission growth in St. Petersburg.

These studies were performed using the equipmeahedbPbSU Resource center "Geomodel".
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This study was done with partial financial suppfmdm research grants 11.31.547.2010 and
11.37.28.2011 of Saint-Petersburg State Universigywell as from the grant 12-05-00596 of the Rurssi
Basic Research Foundation.

Impact of Land Convection on Temperature Diurna | Variation in the
Tropical Lower Stratosphere Inferred From COSMI C GPS Radio Occultations

S.M. Khaykirt? (sehamic@yandex.yuJ.-P. Pommere4uA. Hauchecorrfe
Central Aerological Observatory of Roshydromet,gy@mayskaya ul., Moscow region, Dolgoprudny, Russi
?_ATMOS, CNRS-Université de Versailles St QuentMiR8190, Guyancourt, France

Following recent studies evidencing the influendedeep convection on the chemical
composition and thermal structure of the tropicavdr stratosphere, we explore its impact on the
temperature diurnal variation in the upper trop@sphand lower stratosphere using the high-
resolution COSMIC GPS radio-occultation temperatagasurements spanning from 2006 through
2011. The temperature in the lowermost stratospbeee land during summer displays a marked
diurnal cycle characterized by an afternoon coolifigis diurnal cycle is shown collocated with
most intense land convective areas observed byTtoeical Rainfall Measurement Mission
(TRMM) precipitation radar and in phase with thexmam overshooting occurrence frequency in
late afternoon.

Two processes potentially responsible for thatideatified: (i) non-migrating tides, whose
physical nature is internal gravity waves and I@gal cross-tropopause mass transport of
adiabatically cooled air by overshooting turreteld®ve contribution of these processes to the
diurnal cycle above various geographical regionghi tropics is discussed. The impact of deep
convection on the temperature diurnal cycle is tblanger in the southern tropics, suggesting more
vigorous convection over clean rain forest contisghan desert areas and polluted continents in
the northern tropics.

The work was carried out under the grant of thesiBest of Russian Federatidvfk-2912.2013.5.

Carbon Dioxide Concentration Simulation Using GELCA Model for
Assimilation of Satellite Observations

A.V. Ganshir (alexander.ganshin@gmail.chm.N. Lukyanov, R.V. ZhuravleV,
Sh.Sh. Maksyutdy T. Od&, M. Saitd, V. Valsald, S.L. OshchepkdyH. Mukaf

Central Aerological Observatory of Roshydrometedy@mayskaya ul., Moscow region, Dolgoprudny, Russi
National Institute for Environmental Studies, TsokuJapan
3Cooperative Institute for Research in the Atmosph€olorado State University, Fort Collins, USAdtignal
Oceanic and Atmosphere Administration, Earth SyfRResearch Laboratory, Boulder, USA
“LSCE, Gif Sur Yvette, France
®CAT/ESSC, Indian Institute of Tropical MeteoroloByne, India

International satellite project GOSAT was startédre@bruary 2009. This work presents the
approach of carbon dioxide concentration simulatisimg Global Eulerian/Lagrangian Coupled
Atmospheric model (GELCA) developed within the fework of this project.

Comparing the model results and observations shibatsGELCA model can be applied for
analyzing and reconstruction of observations (noomg stations, aircrafts and satellites).
Furthermore the model is a part of the developad dasimilation system which used for the
reconstruction of the greenhouse gases sourcesiakal In this work the model was used for the
simulation of CQ but it can be successfully applied for the othenaspheric components with
predetermined emissions.
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Satellite-based Spectroscopic Observations of C  arbon Dioxide under
Significant Atmospheric Light Scattering: Appli cation to GOSAT Data
Processing

Sergey Oshchepkdysergey.oshchepkov@nies.qgd,jdndrey Brif, Tatsuya Yokots
Yukio Yoshidd, Thomas BlumenstoékMatthias Schneid&rand Vladimir Budak
National Institute for Environmental Studies, Tsn&uJapan
Karlsruhe Institute of Technology, IMK ASF, Karlsay Germany
® Moscow Power Engineering Institute, 14 Krasnokazmnaya, 111250 Moscow, Russia

High precision needed for global carbon dioxideeotation from space requires accurate
consideration of atmospheric light scattering du@érosol and clouds. This report represents an
improved Path length Probability Density Functid®PDF) method to simultaneously retrieve
concentrations of greenhouse gases and light pattifications from space-based spectroscopic
observations of light reflected and scattered ftbenEarth’s surface and the atmosphere. The target
guantity to retrieve is the column-average greesb@as mole fraction. The light path modification
was involved in the retrieval process to accoumthigh variability in the optical properties of
aerosols and clouds through the atmosphere.

This method has been applied to process radiarexrapmeasured by the Greenhouse gases
Observing SATellite (GOSAT), in orbit since 23 Janu2009. The measurements of radiance
spectra were provided by the Thermal And Near-refiitaSensor for carbon Observation - Fourier
Transform Spectrometer (TANSO-FTS) in the shortevenrared bands at 0.76, 1.6, and 210 as
the center with a high spectral resolution (intBre&about 0.2 cni.

To test the method we have compared PPDF-based&@evals from GOSAT with those
derived from FTS ground-based measurements ovee#i@ site from the Total Carbon Column
Observing Network (TCCON) (http://www.tccon.caltesthu/). GOSAT PPDF-based retrievals
were collected within a large sampling domain (EHitude x 45° longitude grid box) and ground-
based FTS data were mean values measured withourldi the GOSAT overpass time. These
observations cover both dark (northern Atlantic &geand bright (western part of the Sahara
desert) surfaces. Therefore, these tests are egpative of conditions where we expect both light
path shortening and light path lengthening dueigh kaltitude cirrus or coarse aerosol particles
from Saharan dust. This comparison showed a googeagent of the satellite PPDF-based,CO
retrievals as compared with ground-based FTS meamnts of CQover Izafa site.

We also tested the proposed method for those GQfkA&rvations when high-altitude clouds
were horizontally inhomogeneous within the GOSAXeti

Intercalibration of Russian Satellite Instrumen ts and IR Sounder IASI

Yu.V. Vlasovad (volhonoko@mail.ryy A.V. Kukharsky, A.N. RubleV, E.V. Rusif,

A.B. Uspensky
!State Research Center of Space Hydrometeorologgnth”, 7 B.Predtechensky per., 123242 Moscow, iRuss
?|nstitute of Computational Mathematics and MatheoaiGeophysics SB RAS, av. Ak. Lavrentjeva 6, 8300
Novosibirsk, Russia

Special studies including a comparison with datanflother satellite instruments and special
aircraft measurements confirmed the high accuracl saability of measurements from two 1ASI
sounders installed on board of ESA’s two METOP |kegs. In this regard, the technique of using
IASI measurements as reference data for the idileration of national satellite instruments MSU-
MR & IRFS-2 has been developed. The MSU-MR scaramel IRFS-2 sounder are and will be
installed on board of the polar-orbiting weathern®te-M # 1&2 satellites.

The main feature of proposed technique is the did® @hannels of SEVIRI or MSU-GS
scanners installed on geostationary satellites d&ate or Electro-L as transfer standards for
calibration of MSU-MR & IRFS-2 from IASI measuremegnFor calibration, the cloud-free pixels
of the territory, which is observed from a geostadiry scanner, are selected for IASI measurements
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closest in time to measurements of test instrumdtds calibration, the difference of brightness
temperatured\T; = Te-Tias) IS calculated, wher@g is measured in the IR SEVIRI or MSU-GS
channel,T\ag| is calculated from IASI measurements taking intocaint the channel instrumental
function of geostationary instrument. An analogdifferenceAT, = Ts-Tist iS calculated for the test

instrument (MSU-MR or IRFS-2). DifferenasT = AT;-AT, is a calibration correction to the test
instrument.

The theoretical substantiation of the approach lbeen carried out by simulation of IR
satellite measurements by a well-known line-by-linadiative transfer model LBLRTM.
Experimental validation of the technique has besmad on satellite measurements over the Indian
and Atlantic oceans under cloud-free conditions.

Estimation of Stability Indices from ATOVS/NOA A and ATOVS/METOP
Measurements over Ukraine

Oleksandr Bobryshev (alex_bobryshev@mal).@ieksii Kryvobok, Oleksandr Krivosheiin
Ukrainian Hydrometeorlogical Research Institute; IS@uki str., 03028 Kyiv, Ukraine

The scheme of the estimation of stability indicegroUkraine using ATOVS/NOAA and
ATOVS/METOP measurements is developed. Stabilitgeknis defined as the stability of the
atmosphere in hydrostatic equilibrium with resptxtvertical displacements and it is a critical
factor in the severe weather development. Atmospherofiles, required for estimating the
Stability Index are retrieved using the IAPP pa&kaghich reads ATOVS level 1D data and
produces temperature and water vapour proffesmdex, KO index, lifted index, and maximum
buoyancy are obtained.

The retrieved temperature and water vapour profil@sed on satellite-date are in a good
agreement with observed ground radio sounding datsorder to test the usefulness of this
estimation of stability indices for short-term foast, several cases of rapidly developing
convective storms observed over Ukraine were aadlyfhe comparison between stability indices
estimation from satellite derived atmospheric pesfiand NWP forecast shows that the first one is
able to predict instability better over pre-conweetareas. Thus, it is expected that the nowcasting
and short-term forecast can be improved by theatipeal Stability Index products derived from
satellite measurements of atmospheric profiles.

Comparison of Satellite (GOSAT) and Ground-Base d Spectroscopic
Measurements of CO , and CH, Content Near Saint-Petersburg
(59.9°N, 29.8°E)

N.M. Gavrilov, M.V. Makarova_(zaits@troll.phys.sphbu), Yu.M. Timofeyev,

A.V. Poberovsky
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

Comparison of atmospheric column mean mole fractbrcarbon dioxide and methane
measured with ground-based Fourier-transform spsotpy at the Peterhof base of Saint-
Petersburg State University (59.9° N, 29.8° E)eang 2009—-2011 and 2009-2012 with similar data
obtained with the Japanese GOSAT satellite is pmdd. The comparison shows that the average
CO, mole fractions from satellite data version VOl.axe by 9.8 + 3 ppm less than the
corresponding values obtained from ground-basedsunements. For the GOSAT data version
V02.xx this average decrease is 4.7 + 2.6 ppm. Sowmegestimating C®measured near Saint-
Petersburg compared to the TCCON ground based retaiindirectly detected, reasons of which
require further explanation.

Average CH mole fractions for the GOSAT data version VO1.x& By 13 ppb less than the
corresponding values obtained from the same datendgrbased measurements (with standard
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deviation ~ 26 ppb). For the GOSAT data version ¥®2he average differences are ~ 4 ppb and
standard deviations ~ 15 ppb. This shows that F$pectroscopic observations near Saint-
Petersburg, utilizing NDACC retrieval algorithmeutd agree with GOSAT satellite data.

These studies were performed using the equipmehedbPbSU Resource center "Geomodel".

This study was done with partial financial supp@mm research grants 11.31.547.2010 and
11.37.28.2011 of Saint-Petersburg State Universigywell as from the grant 12-05-00596 of the Rurssi
Basic Research Foundation.

Two Methods for Radiation Calibration of Mult i-zonal Satellite Sensors
with High Spatial resolution

I.L. Katsev (katsev@light.basnet)hW.S. Prikhach, E.P. Zege
B.l. Stepanov Institute of Physics, NASB, 220082P6. Nezavisimosti, Minsk, Belarus

The traditional method to perform the radiationilwaltion of satellite sensors using the test
site includes measurements of the signal at theitimb the calibrating satellite sensor and
simultaneous field measurements of the atmosphwtesarface parameters (albedo and radiance
reflection coefficients of the underlying surfac&he characteristics of atmosphere and underlying
surface are used to compute the spectral densitiyeofolar radiation at the input of the satellite
sensor. For these calculations the altitude straatf aerosol-gaseous atmosphere is assumed to be
known a priori. Besides the computations of theiatace transfer in the coupled system
atmosphere-underlying surface are supposed to therped with regards to the influence of the
adjusted pixels contribution into the registeretkléite signal from the test pixel. This influence
exists because of molecular and aerosol scattamiagmosphere and as known is essential at the
distances up to 5km.

We propose here two methods to calibrate the gatelulti-zonal sensors (MZS) of high
spatial resolution. The first method requires thgistration of signals from two (or more) closely
located test pixels with different albedo. It emablto significantly simplify and improve the
accuracy of the radiation calibration of MZS instents. To implement this method one needs to
measure the atmosphere optical thickness, irradjaaad albedo and radiance coefficients of two
test sites. Compared with traditional calibrationgess new method eliminates the need of a priori
knowledge of the vertical structure of atmosph#re,necessity to calculate radiative transfer & th
coupled system atmosphere-underlying surface, acouating for the effect of neighboring pixels
in the signal recorded by the satellite sensor.

The second offered method is cross-calibratiorhefMZS with high spatial resolution using
data of other well-calibrated satellite multi-spattsensor (MSS) of moderate spatial resolution
(MODIS, MERIS), possibly operating from its own titam. This procedure requires: (1) to find
the co-located and practically simultaneous sunfene MSS and the calibrated MZS instrument;
(2) to retrieve the spectral characteristics ofdtmosphere and underlying surface using MSS data,;
(3) using this data to compute the signals in gexgal channels of the high spatial resolution MZS
and to compare this calculated signal with the mekMZS signal averaging over the same MSS
pixel.

We will demonstrate the results of such cross-catiibn of the satellite sensors ASTER and
ALOS in Visible and near IR regions using MERIS aathe relative scatter of the calibration
factor was the order of 3-5%. These results atbergood agreement with the careful calibration
using test sites performed by three research grivsapsUSA and Japan.
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Estimation of the Solar Activity Index Based on the Total Electron
Content Measurement and IRI12012 Model

[.A. Gotur, A.M. Devyatkin, V.M. Krasnov, U.V. Kughov, A.N. Meshkov
A.F. Mozhaysky Military Space Academy, 13 Zdanaasik8408 Saint-Petersburg, Russia

The problem of the solar activity index estimatlmased on the total electron content (TEC)
measurement has repeatedly been discussed indraure. For example, in the European satellite
navigation system «Galileo», it's assumed to b& ff all to calculate the effective ionization
parameter (4 to correct the ionospheric delay. The parametgisAcalculated on the base of
navigation signal measurements (at least by twert@se stations) and specifically developed
semiempirical ionospheric model NeQuick. Then tregpsnof ionospheric delays are calculated on
the base of the Ausing NeQuick model. Initially the NeQuick modelshbeen produced for the
TEC calculations where the monthly average solavigcindex F10.7 data have been used as input
data. However, in the process of working out meshimdsolve the inverse problem that consists in
determination of the solar activity index basedtlom TEC measurements (the Global lonospheric
Maps have been used as experimental data) it'eduout that the computed index F10.7
substantially changes within 24 hours and depemdfattude and longitude of the observation
point. In some cases the index can be negative egbal some hundreds that significantly exceeds
the possible F10.7 value. Consequently, the authomted A, in range from zero to some
hundreds. In this respect, the authors supposethbaubstantial variability of Als accounted as
well by the experimental data errors.

By working out method of the solar activity indexetérmination based on the TEC
measurements the three initial conditions have lobesen: 1) the computed solar activity index is
constant during a day and doesn't depend on caiedin2) the method is based on IRI2012 model,
as the most adequate model for the experimente@sarement errors of the navigation signals and
model errors of the IRI2012 model are random eyribiss the statistically mean values of the solar
activity index have to be calculated.

To perform the method the IRI2012 model has begunstatl to calculate the TEC profiles
with input data: time, coordinates and only dailue of the F10.7 index. The calculations of the
ionospheric delay's signals is carried out alomgtthjectory of the radio wave propagation with the
fixed step. To take into account the horizontablgrats of the ionosphere along the trajectory ef th
radio beam a few profiles of the vertical electdamsity are calculated.

To determine the experimental ionospheric delayettpeation for linear combinatioPy-L,,
P,=P>-P1, Ly=L »-L; is formulated. The measurements is performed atpoir@ with mask of angle
of altitude 20° for two adjacent time points. ThHle equation is supplemented with the expression
connecting the TEC for two different angles oftatle along line from receiver to satellite. Solatio
of the two equations allows us to select the iohesp delay on a background of random errors due
to the instrumental errors as well as parametetiseoionosphere.

Averaging of the solution within the time intenallows us to increase the ratio of signal to
the noise. The daily solar activity index (FTEC)dstermined on the base of the value of the
experimental delay and IRI2012 simulation. The FT#fues are averaged for selected time
interval at midday and for various satellites. Magiations of FTEC values during January 2013
have been calculated by use of ONSA station datgeheral, they coincide with variations of the
daily F10.7 values during the same time periodhds to be noted that outliers on the FTEC
variation curve completely correspond to outlienscarve of magnetic activity indeXg) variation
during January 2013.
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The Method of Refinement of the Geopotential Field over Areas
Uncovered by Meteorological Observations Using Meteorological Atrtificial
Earth Satellites Data

I.LA. Gotur, A.V. Kostromitinov, M.Yu. Rud’
A.F. Mozhaysky Military Space Academy, 13 Zdanoask8408 Saint-Petersburg, Russia

The question of an increase the accuracy of diagrafsthe geopotential field is issue of
much interest. Papers devoted to engaging of thtearaogical artificial Earth satellites (MAES)
data as additional information could be technicallparated into two groups. In the first group the
methods of image analysis of the cloud fields atanened. The second group considers the
processing methods of outgoing radiation quantitydifferent spectral regions. The problem of
reconstruction of the geopotential field in thegsuere air system is solved in the first group of
papers. However, despite the presence of many agipes, the problem of the use of satellite-based
data under analysis of meteorological variablesritd yet been fully resolved.

The method proposed allows to use cloud fields datder the objective analysis of
geopotential field based on the spline approxinmatidnder such approximation an information
about statistical structure of the field doesn& aad an obtaining of the global continuous field o
the explored variables is provided. Moreover, thiera possibility to involve not only value of the
variables but their directional derivatives undex approximation. As information that we apply in
analysis of the geopotential field the coordinatéshe centers of cyclones data and zonal and
meridional components of the wind vectors are uséd information is obtained as a result of the
1B level data (geographically attached and radidosly calibrated images) from NOAA and
Meteor-3M satellite space systems. In the firsgjestaf this process the mask of clouds is formed.
Then the presence of clouds identified by a logart spiral. The third stage consists in
determination of the coordinates and parametetheogpiral allowed to identify the coordinates
of the center of the cyclone as well as directind speed of wind at different points of the spiral.

The presence of clouds identified by the logarithspiral is determined by the correlation-
extreme identification method. A set of standardatp and related with them characteristics of
directions and speeds of wind have statisticallgnbebtained at different points. The information
obtained is used for the refinement of the geopiateefield in the following way. In the original
minimization problem, taken as a basis of the gortibn of the approximating spline, the value of
the geopotential data obtained from a net of thgetyair sounding and the derivative values in the
directions determined according to the MAES dagaused as constraints. In the free atmosphere as
such information the zonal and meridional compasesitthe wind vectors can be used for the
geopotential fields.

It is possible to use them due to at the first appnation in the atmosphere above the
boundary layer the mode of motion is determinedtiy gradient of the geopotential and the
Coriolis force. In the centers of the cyclones tkevhtive values in the directions become zero.

Numerical experiments performed have shown a goodistency of the refined geopotential
fields, that have been obtained by the developelnique, and cloud fields observed on images
being obtained from MAES.
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SESSION 2. "REMOTE SENSING OF ATMOSPHERE AND UNDERL YING
SURFACE IN DIFFERENT SPECTRAL RANGES"

Chairman: Prof. Yu.M. Timofeyev (SPbSU, Saint-Petersburg)

Co-chairmen: Prof. V.N. Arefyev (SPA "Typhoon", Obninsk), Prof. G.G. Shchukin (MGO,
SPb), Prof. A.A. Troitsky (RRI, N.-Novgorod), Prof. Costas Vorotsos
(University of Athens, Greece)

Remote Sensing of Carbon Greenhouse Gases and Isotopes of Water
Vapour in the Atmosphere Using Ground-Based F  TIR of Ural Atmospheric
Fourier Station in Kourovka

V.1. ZakharoV (v.zakharov@remotesensing.r) G. Gribanov, N.V. Rokotyan, R. Imas@,

J. Jouzel M. Butzir!, M. Wernef
'Ural Federal University, 51 Lenin ave., 620000 Ekatburg, Russia
2Atmosphere and Ocean Research Institute, The Wsiiyaf Tokyo, Kashiwa, Japan
3Laboratoire des Sciences du Climat et de I'Enviement/ Institut Pierre Simon Laplace, Saclay, Feanc
“Alfred Wegener Institute for Polar and Marine ReséaBremerhaven, Germany

The Kourovka observation site (Ural Atmospheric fi@u Station, 57.038N, 59.548 E,
300 m elevation) is equipped with Fourier interfaster Bruker Optics IFS-125M (maximum
spectral range 420—25000 ¢mmaximum resolution 0.0035 ¢ conjugated with solar tracker
A547N, Picarro L2130-i water vapor isotopic laseralgzer, and Gill Instruments MetPak-II
meteorological station. Ural Atmospheric Fourieati®in (UAFS) aims to remote sounding of
GHGs in the atmosphere and validation of satedl#t&. Altogether with solar irradiance spectra the
following parameters are measured at surface aomtisly: atmospheric pressure, air temperature,
relative humidity, speed and direction of wind, @bte concentration of water vapor (ppm), values
of SHDO anddH,*20 (expressed in %.). Number of atmospheric spenttae NIR range (4000—
12000 crit) had been recorded since summer of 2010 to surB@i. Series of retrieved from the
spectra columnar values of gOCH;, CO, HO and HDO in the atmosphere over Kourovka
observation site are presented. Correlations betwa@¢R columnar values &H,*0 HDO and in-
situ measurements and isotopic general circulatiodel ECHAMS5-wiso outputs are discussed.

This research was supported by the RFBR gkahP-01-00801a and grant of Russian government
under the contract 11.G34.31.0064.

First Measurements of Formaldehyde Integral Co ntent at Zvenigorod
Scientific Station

A. Borovski (alexander.n.borovski@gmail.contE. Grechkd, A. Djola’, A. ElokhoV,

O. PostylyakoV, Y. Kanaya
!A.M. Obukhov Institute of Atmospheric Physics, RASyzhevsky per., 119017 Moscow, Russia
Research Institute for Global Change, Japan Agdaciarine-Earth Science and Technology, Yokohama

Formaldehyde (HCHO) is the most abundant orgarmicorgyl compound in the atmosphere.
This is a short-lived oxidation product of a langember of volatile organic compounds (VOCSs).
Its abundance can be closely related to VOC emmissad natural origin or from human activity.
Measurements of scattered sunlight at UV-Vis spéategion are carried out at the
Zvenigorod Scientific Station (ZSS). We developeaar@cedure of the HCHO retrieval from these
measurements [1]. Using DOAS procedure we retrid¢d€tHO differential slant column densities
(DSCDs) from measured UV spectra by JAMSTEC MAX-D®At the ZSS during summer and
autumn 2010. Basing on obtained results we invagtighe possibility to reveal 1) Moscow
influence on HCHO (traces of weekly cycle in the HHT data) and 2) temperature effect in the
HCHO data.
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1) When polluted air comes from Moscow, HCHO DSQObMonday morning is less than
one on Tuesday morning. It can be a manifestatfoime weekly cycle of the HCHO variability
related with car traffic and can be explained biaglef the transfer of the formed on Sunday (lower
pollutions) and Monday (greater pollutions) air s&s from Moscow to Zvenigorod. This
hypothesis is confirmed by the nitrogen dioxide @IO@SCD variability at the ZSS.

2) The temperature effect is noticeable in our HCBI®CD data. HCHO DSCDs are greater
on warmer days, because there is HCHO formatiom frmn-methane VOCs, for which more
emission is expected at higher temperatures [2].

This study was supported by RFBR under grant 1228 and by JSPS under the Japan-Russia

Research Cooperative Program.
1. lvanov V.A., Postylyakov O.V. Estimation of igt@al NO, content in the atmospheric boundary layer from
observations of scattered in zenith radiatitournal of Atmospheric Optic2010, 23, 6, 471-474.
2. Irie H. et al. Eight-component retrievals fronognd-based MAX-DOAS observatiorstmos. Meas. Tech.
2011, 4, 1027-1044, doi:10.5194/amt-4-1027-2011.

NO, Vertical Profile Retrieval at Zvenigorod Sci entific Station by MAX-
DOAS: Error Analysis and Preliminary Results

0.V. PostylyakoV (oleg-postylyakov@yandexyuw.A. lvanoV, Y. Kanaya
!A.M. Obukhov Institute of Atmospheric Physics, FBASyzhevsky per., 119017 Moscow, Russia
2National Ozone Monitoring Research and Educatiddahter of BSU, 4 Nezavisimosti av., 220030 Minsk,
Belarus
%Japan Agency for Marine-Earth Science and Techno{@MSTEC), Yokohama, Japan

Several types of measurements in which it is ptessdretrieve the vertical column of NO
in the lower troposphere are performed at the Zy@oid Scientific Station (ZSS). For example,
spectral measurements of solar radiation scatiaréte zenith (Z-DOAS) are used for retrieval of
NO2 integral content [1]. Also in cooperation wilapan Agency for Marine-Earth Science and
Technology, Yokohama, Japan, Max-DOAS observatembeen made from 2008. On observation
site, to retrieve the vertical profile of NO2 inetthower troposphere Japanese implementation of
MAX-DOAS is used [2]. New method for the determinatof NGO, at the lower troposphere is
developed within the confines of Russian-JapaneptojThe method can be applied both to Z-
DOAS and Max-DOAS observations.

This one presents retrieval algorithm, error ang]yand the preliminary results of NO
vertical profile retrieval. The study was perfornfed error and other characteristics of instruments
typical for ZSS. The dependence of N@ofile retrieval error and profile vertical regbbn on set
of observational angles was found. The analygierformed for the following atmospheric model:

— the background aerosol content (optical thicknesslketo 0.45 at 400 nm)

— a priori information about the N(rofile was based on a N@rofile model for the
Moscow region [3].

— in the absence of clouds.

The first results of NO2 profile retrieval for surarmautumn of 2010 are presented in the
report.

This study was supported by RFBR under grants Q1055 and 12-05-92108, and by JSPS under

the Japan-Russia Research Cooperative Program.
1. lvanov V.A., Postylyakov O.V. Estimation ofégfral NQ content in the atmospheric boundary layer from
observations of scattered in zenith radiatitourn. Atm. Optics2010, 23, 6, 471-474.
2. Irie H., Takashima H., Kanaya Y. et al. Eightrganent retrievals from ground-based MAX-DOAS
observationsAtmospheric Meas. Techr2011, 4, 6, 1027-1044.
3. Chubarova N, Larin I, Lezina E. Experemental #rabretical studing of N{gcontent variation at boundary
layer in MoscowVestnick of MSU2010, 5, 2.
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Ground-based Measurements of Total Columns of Halogen-Containing
Trace Gases at Peterhof

A.V. Polyakov (polyakov@troll.phys.spbu)itvu.M. Timofeyev, Ya.A. Virolainen,
A.V. Poberovsky
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

Results of ground-based spectroscopic measureroktiie total column (TC) of some trace
gases containing halogens and participating inticeas of the ozone transformation are given. The
technique for solving the inverse problem, uagatiori information are described and estimates of
retrieval errors caused by various factors are mgivA series of HCI, HF and freon TC
measurements cover about 4 years. Temporal vatyati different scales of TC of different gases
is considered. Comparisons with independent grdaased and satellite measurements are
performed.

These studies were performed using the equipmeheddPbSU Resource center "Geomodel".

The work was partly supported by St. PetersburteSdaiversity (research grants 11.31.547.2010 and
11.37.28.2011) and by Russian foundation for basiearch (grant 12-05-00596).

The Retrieval of Ozone Vertical Structure on the Basis of FTIR Solar
Spectra Measurements

Ya.A. Virolainen (Yana.Virolainen@JV14952.spb.gdvu.M. Timofeyev,

A.V. Poberobsky, D.V. lonov
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

The series of ozone column (OC) measurements ferelift atmospheric layers made in
2009-2012 near St. Petersburg by ground-based URdf@spectrometer (FTIR) (Peterhof, SPbSU)
have been analyzed. The series have been obtangdtdl OC, OC in two layers — troposphere
and stratosphere and for OC on 2-3 stratosphemecda

FTIR retrievals have been compared to independatat €or total OC measurements of filter
ozonometer M-124 and Dobson spectrophotometer (kmey MGO) and OMI (AURA satellite)
have been used. For comparison of stratospherit/O€ (AURA) measurements, for tropospheric
— the difference between total OC OMI and stratesppfOC MLS have been used. FTIR trospheric
OC measurements also have been compared with gzoned-based concentration measurements
in Sestroreck and Zelenogorsk.

The temporal variations of OC measurements in mffe atmospheric layers have been
analyzed and compared to those on several NDAG@rsta

These studies were performed using the equipmeheddPbSU Resource center "Geomodel".

The work was partly supported by St. PetersburteSdaiversity (research grants 11.31.547.2010 and
11.37.28.2011) and by Russian foundation for basiearch (grant 12-05-00596).

Investigations of Antarctic Stratosphere Gas C  omposition Based on the
High-resolution Spectroscopy of the Moon durin g the Lunar Eclipse

0.S. UgolnikoV (ougolnikov@gmail.comy A.F. Punanova V.V. Krushinsky
!Space Research Institute RAS, 84/32 Profsoyuznayd 997 Moscow, Russia
Kourovka Astronomical Observatory, Ural Federal Uerisity, 51 Lenina st., 620000 Ekaterinburg, Russia

The work is devoted to the southern polar stratesphnvestigations based on the high
resolution spectroscopy of the Moon inside the w@ardifrthe Earth. The measurements were made
in Kourovka Astronomical observatory with 1.2-mewtope and fiber-fed spectrograph set up in
2011.

During the eclipse the Moon is emitted by the radrarefracted in the atmosphere of the
Earth. Spectrum of reflected emission containsraber of atmospheric bands, their characteristics
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are sensitive to the concentration of the specesr the tangent ray perigee. Its altitude and
coordinates of the ray perigee are determined byrtbhon surface point position inside the umbra.
The radiation transfer geometry is analogous tosgieee limb atmosphere measurements allowing
to scan the distant atmosphere regions at sevavakand kilometers from the observation point.
Lunar eclipse is the only ground-based possihititiiold such measurements. The work is based on
the spectral measurements of the Moon near théessutimbra border during the total eclipse of
December, 10, 2011. The radiation was transfernedugh the Antarctic stratosphere near the
seasonal ozone depression, that makes the investiggpecially interesting.

The bands of the gases with well-known spatialrithgtion (O, bands at 630, 690 and
765 nm, Q absorption features between 450 and 600 nm) wseel w0 retrieve the effective
trajectory of the radiation transfer through thetakotic stratosphere depending on the wavelength
and estimate the influence of aerosol scatterirfte Pprocedure requires the exact account of
absorption by both trajectory parts in the atmosph@angent trajectory through Antarctic
stratosphere and slant trajectory through the latabsphere). Other gases bandg (GD,, H.O)
give the values of tangent column densities ofdlgases in the lower Antarctic stratosphere. The
accuracy is especially high for ozone, since theeolational range covers the majority of Chappius
bands, where absorption by the tangent trajectomery strong (up to a factor of 6). The ozone
content slightly exceeds the level determined hglls® observations.

The work is done with the financial support of HassFoundation for Basic Research, grant No.12-
05-00501a.

Detection Submicron Water Clusters in the Atm  osphere

A.V. Troitsky (troitskyav@nirfi.sci-nnov.ny E.A. Miller
Radiophysical Research Institute, 25/1B. Pecherskaya., 603950 N. Novgorod, Russia

Water in the Earth's atmosphere is present inftteetphase conditions with its gaseous state
(water vapor), liquid water drops and solid state,and has a determining role on many physical
processes of planetary character. In particulatemia the atmosphere on about 75% defines the
transfer of solar radiation. More than 50% of tlaunal greenhouse effect is also determined by
atmospheric water and its phase composition.

The aim of this report is the study of the phasecstire of the water in a clear (cloudless)
atmosphere by using its own (thermal) radiatiothim microwave range. In this paper we describe
the results of the spectral radiometric investmatiof the microwave spectrum emission
(absorption) for atmospheric water vapour. The #mmeous measurement of the intensity of
radiation of the atmosphere in the fields of micave absorption lines of water vapour 183 GHz
and 22.2 GHz at frequencies (140, 95, 37, 20.7& 22123 GHz) have been carried out. The ranges
of significant difference microwave spectra fronvde of the spectra for the clear sky were
observed. The microwave spectrum of those formatamresponds to the "clear" spectrum of the
atmosphere in the presence of liquid clouds ofsible at optical wavelengths. The observed
phenomenon is interpreted by the presence of clouttee atmosphere consisting of water clusters
of submicron size ~ 0.pm.

The sunlight is scattered as it passes throughetlgbud and this scattering is resonant with
the maximum at the wavelength ~ Qu, which corresponds to the blue region of the alisu
spectrum. Thus, the color of cluster clouds is lalnd they are not visible on a background of blue
sky "clear" atmosphere. Note that the blue colahefsky is a result of resonant scattering ofrsola
light on the thermodynamic density fluctuationsaof the size of which is as ~ Qun. It can be
assumed that under certain conditions the densityufations of air can stimulate the condensation
of water vapor and the formation of sub-micron ®us Spatial-temporal scale cluster of clouds
typically 4-50 min and LWP does not exceed 0.2 Kgimhich is several times smaller than regular
clouds (about §m). Typically, clusters clouds are observed in higleveloped convection in the
presence of internal gravity waves and after theoapheric fronts.
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Microwave Humidity-Temperature Sounding of Atmo  sphere and Water
Surface

D.M. Karavaev (dm.karavaev@mail)y&.G. Shchukin
A.F.Mozhaysky Military Space Academy, 13 Zdanoask&408, Saint-Petersburg, Russia

Application of remote sensing of the environmemtdolving the number of applied problems
of meteorology is very promising. Integration of tétegeneous data of meteorological
observations, including data of upper-air, microvaadiometry and radar sounding of atmosphere
and surface will allow to obtain the most complatel adequate information about the state of the
atmosphere that contains clouds and rainfall. k& téport the possibilities of the microwave
radiometry method, based on the interpretatiorhefdownward and upward thermal radiation of
the atmosphere-water system in the microwave rarigie spectrum, for solving the various
problems of remote sensing such as the determmatfiprofiles of humidity and temperature in the
troposphere, the integrated water vapor and clogdid, the estimation of the precipitation
intensity, the water surface temperature are dssulis

An overview of results of experimental studies mtegrated water vapor and cloud liquid
with ground (ship)-based radiometer at 22 GHz a®@BIz is given. For estimating the errors of
microwave measurements of meteorological paramedessries of comparative experiments with
the use of data of independent measurements iereiit regions (over oceans and over land) have
been performed. The comparison of microwave measmes of integrated water vapor with the
data of simultaneous upper-air sounding of the aphere in the Leningrad region showed that
RMS error in the absence of precipitation was 03-Hg/nf. Microwave measurements of
integrated stratus cloud liquid are in a satisfacagreement with the empirical models derived on
the basis of airborne sensing of clouds. At theeséime, there are some differences in statistical
distributions of integrated cloud liquid over ocesard land in warm and winter periods of the year.

The comparative tactical-technical characteristitshe ground-based and airborne multi-
frequency microwave systems for studying the atrhespand water surface are given. Currently,
the actual problem is to develop economically-weabptions of radiometric systems, with high
metrological characteristics. The application ofcrowave radiometry for solving the problems
associated with the forecasting of severe weath@m@mena, validation of satellite data is
discussed.

Measurement of Cloud Parameters by Means of  Active-Passive Sensing

A.M. Linkova (annlinkova@mail.ny T.A. Tkacheva, G.I. Khlopov, Ye.N. Belov,

O.A. Voitovych, V.A. Kabanov, S.I. Khomenko
0.Ya. Usikov Institute for Radiophysics and Elegice of NASU, 12 Ak. Proskury str., 61085 Kharkdkraine

The study of clouds is important for the atmosplmrgsics, as well as for solution of many
practical tasks in meteorology. At that remote senpsnethods play a crucial role because they
allow to perform monitoring of large areas. In pafar, combined use active and passive sensing
on the base of weather radar and radiometer iseait gnterest. Radiative characteristics of clouds
are described by the integro-differential equatdmadiative transfer [1], which solution is quite
difficult task, and in general case it is not definyet. So various approximate methods are widely
used [2], in particular, the approach of "pure apson” is used here, when the scattering of
electromagnetic waves by cloud particles can bdeotl. At that brightness temperature is a
function of the vertical profile of temperature awdter content that does not allow to solve the
inverse problem and define the cloud parametersiégsurement at a single wavelength and at a
fixed elevation angle.

However performed numerical simulation has showat tthe dependence of brightness
temperature on integral water content of cloudnsoat independent on the type of vertical profile
of water content as well as cloud thickness, segiral water content can be uniquely reconstructed
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by measurement of brightness temperature. At theesame the parameterization of the vertical

profile of temperature and water content on theelmdslata of contact measurement allows to pass
from the integral equation of radiative transferth@ transcendent equation and to retrieve the
height distribution of water content by active-passsensing. In this case, reconstruction of the
water content profile is reduced to the definitiminthe distribution parameters. In particular, the

well-known model of vertical profile of water contg3] is used, which parameter can be obtained
by measurements of cloud water content using passimsing and cloud thickness using active
sensing.

Experimental measurements of the water contentth@dvertical profile of water content
were performed by means of the 3-cm radiometervegather radar MRL-1, operating at 3.2 cm
and 8.2 mm wavelengths. As it is shown obtainedlt®sre in good agreement with the averaged
data published for the studied types of clouds.rdlime performed analysis permits to make
conclusions about the weak dependence of integatdrneontent on both water content profile and
cloud thickness. First experimental results of meaments of water content profile in the clouds

are also presented.
1. Akira IshimaruWave propagation and scattering in random mebliaw York: Acadedemic Press, 1978, 280
p.
2. Stepanenko V.D., G.G. Schukin, L.P. Bobyliow s Matrosov. ermal radar in meteorology eningrad:
Gidrometeoizdat, 1987, 283 p.
3. Mazin I.P Clouds and cloud atmospheieeningrad: Gidrometeoizdat, 1989, 647 p.

Some Regularities of Spatial Fields of Integra | Water Vapor from Radio
Measurements Stations Network of Satellite Nav igation Systems

V.V. Kalinnikov (Vlad-Kalinnikov@mail.r), P.G. Khutorova, G.M. Teptin
Kazan (Volga Region) Federal University, 18 Kreralaia, 420008 Kazan, Russia

The problem of continuous monitoring of the integda water vapor content in the
atmosphere with a high temporal and spatial remwius quite a challenge to limited possibilitifs o
modern technology. The use of a radio receiver GROGNASS satellite navigation system can
solve this problem for all weather conditions.

From measurements of the receiver GPS/GLONASS mkfvacated in the territory of the
Republic of Tatarstan, Russia, the integral watgyov content and its horizontal gradients were
calculated. Network size is approximately 300 kmlina east-west and 100 km in direction north-
south. The integral moisture content estimatiorisade at the level of 1.5 mm of the precipitated
water with sun photometer data and at the levé.Bfmm with NCEP/NCAR weather fields. The
seasonal variation of gradients is found. Meridigradient usually shows the decreasing of water
vapor content with increasing latitude, and the thignaverage is 1.8 mm precipitated water per
100 km in August and 0.1 mm/100 km in December.oMds values of monthly average zonal
gradient are somewhat smaller than the north aaddd mm/100 km in March and June and —
0.8 mm/100 km in May and October. The instant @alaf gradients can considerably exceed mean
monthly values.

Some Results on Comparison of Measurements of Atmosphere
Temperature Profile Using Microwave and Radios onde Techniques

0O.S. Ponomarev (olp.mgo@gmail.chniu.V. Rybakov
A.V. Voeikov Main Geophysical Observatory, 7 KaneysStr., 194021 Saint-Petersburg, Russia

Data on temperature profiles of the lower atmosph@btained by microwave profilers MTP-
5 and standard network radiosondes, released aadtwogical station at Voeikovo, Liningrad
District are compared in the research. The overvidwoth methods is given, systematic and
random error estimates are conducted, and alsmitrewave instrument’s capability to obtain the
inverse profile is estimated.
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Investigation of Atmospheric Optical Properties Based on Multi-Year
Photometric Solar Observations in the Crimea

E.l. TereZ (terez@crimea.eduG.A. Terez
'Crimean Astrophysical Observatory, pos. Nauchr§40® Crimea, Ukraine
2V.1. Vernadskiy Tavricheskiy National Universit097 Simferopol, Ukraine

Design of the automatic solar photometer CF-1 feasuring atmospheric optical properties
in the 372-1005 nm spectral region during year-dooinservations (monitoring) is described along
with improved methods for automated data processiing results of photometric observations
performed in the Crimea over extended periods met{with CF-1 photometer in t. Simferopol
starting in 2001, and with standard solar photom&ie83 in Karadag starting in 1972) are
presented. Based on analysis of observed datanteeannual and intra-annual variability of
aerosol optical thickness and the Angstrom paranfetethe atmosphere over Simferopol and
Karadag can be determined. A significant findinghis detection of noticeable decrease of aerosol
optical thickness (i.e. increase of atmosphedaadparency over the Crimea) beginning in 1993,
which can be explained by a rapid decrease of aptiygenic load on the environment due to
shutting down of the major industrial complexes.

In addition, regular observations of solar radmatio thep-band are used to determine the
atmospheric water vapor content from 2001 to prtes@nalysis of observed data shows that water
vapor content in the atmosphere over the Crimed&i@feropol) is seasonally dependent: 1.2—
1.3 cm during the summer-time and 0.2-0.3 cm duthmg winter-time. However, the average
annual water vapor content for Simferopol remaipexttically constant at 0.63 cm over the 2001—
2012 time period.

Solution of Inverse Problem of Aerosol Light Scattering in the
Approximation of Randomly Oriented Spheroids f rom Direct and Diffuse
Solar Radiation Measurements

T.V. Bedareva(btv@iao.r)), T.B. Zhuravlevi M.A. SviridenkoV (misv@mail.r),
V.E. PavloV (pavlov@iwep.rl
.E. Zuev Institute of Atmospheric Optics SB RASademician Zuev sq., 634021 Tomsk, Russia
2A.M. Obukhov Institute of Atmospheric Physics, FBASyzhevsky per., 119017 Moscow, Russia
3Institute of Water and Ecological Problems SB RIABlolodezhnaya str., 1656038 Barnaul, Russia

The considerable spatiotemporal variations of tloapheric aerosol necessitate the
development of new and improvement of already exjsnethods for retrieving the aerosol optical
and microphysical characteristics. In work [1], pesented an algorithm for solving the inverse
problem of aerosol light scattering ensuring theieeal of such aerosol parameters as the single
scattering albedo, the scattering phase functiom §symmetry factor), the particle size distributio
function, and the complex refractive index in tipprximation of homogeneous spherical particles
according to data of spectral-angular photometg@asarements in the visible and near-IR spectral
ranges. However, the assumption on the spheri€ipemsol particles constrains the applicability
of the algorithm: in particular, the atmospherituations in the regions affected by powerful dust
outbreaks are left unconsidered. Earlier, it waswshthat the light scattering properties of dust
particles can be described using the model of spdfeerandomly oriented in space. The experience
of use of this approximation as applied to the knanethods for solving the inverse problem of
aerosol light scattering indicates that the aerpsoameters are retrieved with appreciably higher
accuracy [2].

In this work we discuss the algorithm [1] modifiedaccount for the nonsphericity of aerosol
particles through their approximation by randomtieoted spheroids. We comparatively analyzed
the aerosol parameters retrieved with and withakihg into the account the particle nonsphericity.
The accuracy of the retrieving the optical and optiysical characteristics taking and without
taking into account the field measurements errgrsestimated with the help of numerical
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experiments. The algorithm is tested with the ufeda@a on the photometric measurements
performed under the conditions of the arid clin@t&outheastern Kazakhstan.
Authors thank O. Dubovik for the suggested progrimn calculating the efficiency factors of
extinction and scattering by spheroids.
This work was supported by the project of the Rars$tund for Basic Research No. 12-05-31007-
mol_a and by the Department of the Erath ScieriRaessian Academy of Sciences, No. 12.2.
1. Bedareva T.V., M.A. Sviridenkov, T.B. ZhuravleRetrieval of aerosol optical and microphysical
characteristics from ground-based spectral measmenof direct and scattered solar radiation. Part
Testing the algorithm. Atm. Ocean. Opt., 2013,2&4-34.
2. Dubovik O., A. Sinyuk, T. Lapyonok, et al. Apgdtion of spheroid models to account for aerostiga
nonsphericity in remote sensing of desert diisGeophys. Resl11, D11208.

Features of Double-Frequency Sounding of Polyd isperse Medium with
Ellipsoidal Drops

G. Veselovska (veselovskaya3@mail,1@. Khlopov
A.Ya. Usikov Institute of Radiophysics and Eledt®iNASU, 12 Proskura st., 61085 Kharkov, Ukraine

At present, much attention is paid to the develaunoé remote sensing of precipitations to
study processes in atmosphere, as well as varjppiication problems. At that double-frequency
sounding is widely used and based on the calculatidhe differential value of radar cross section
(DRCS), which improves the reliability of data casngd with single-frequency method. However,
most published works [1] are based on the assumpmtiocspherical form of drops, although the
majority of cases show that particle shape diffesen spherical due to the interaction of forces of
gravity, surface tension and aerodynamic resistaibe Pruppaher model [2] describes a drop
shape in the steady fall mode by biaxial ellipsaith the horizontal axis —[& the vertical — a.
This greatly affects on scattering characteristesg] therefore, the solution of the electromagnetic
energy scattering on ellipsoidal water drops in ti@se of double-frequency sounding is of
significant interest.

In general, double-frequency sounding of preciftats based on measuring of DRCS as the
ratio of the specific values of radar cross sesti@CS), measured at two frequencies. Therefore, in
the paper, the scattering characteristics of pepelise medium with ellipsoidal raindrops at
double-frequency sounding at orthogonal polarizetiovere calculated. Dependences of the drops
RCS from their form and elevation angle of radaieana have been determined and it is shown,
that the ellipsoid eccentricity at double-frequerspunding significantly weaker effects on data
soundings than in the case of single-frequencydiogr3].

As a result of the study the following conclusiaas be made:

— the approximate solution of the double-frequena@ttscing of a plane electromagnetic wave
in a polydisperse medium with ellipsoidal drops whtained;

— it was shown that the drops form-factor has a sméillence on the results of double-
frequency sounding in contrast to a single-freqyesaunding;

— to avoid the multiple values in the recovery pragedof rain intensity the special inequality
was proposed.

— at horizontal polarization of the incident fieldCR of ellipsoidal drop does not depend on

the viewing angle, that is essential for remotessgnof precipitations.

1. Menenghini R., L. Liao. On the equivalence odldwavelength and dual-polarization equations for
estimations of the raindrop size distributidnAtmos. and Oceanic Technolpg®07,24, 806—820.

2. Pruppachefl.R. and K.V. Beard. A wind tunnel investigationtbé internal circulation and shape of water
drops falling at terminal velocity in aiQuart. J. Met. So¢1970,96, 247-256.

3. Khlopov G. I., Linkova A. M., Veselovska G. Blgitovych O. A. Double-frequency sounding of ellyidal
water drops. Radiofizika i Electronika, 208¢17), 4, 37-43 (in Russian).
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Numerical Statistical Simulation of Lidar Remo te Sensing of Atmospheric
Aerosol and Cloudiness in Visible and Teraher tz Range

E.G. Kablukova (Jane_K@ngs.)uA.B. Kargir', B.A. Kargin'? A.A. Lisenkd
Ynstitute of Computational Mathematics and MatheoaiGeophysics SB RAS, av. ak. Lavrentjeva 6, 8300
Novosibirsk, Russia
“Novosibirsk State University, 2 Pirogova str., 6300ovosibirsk, Russia
3V.E. Zuev Institute of Atmospheric Optics SB RA&abemician Zuev sq., Tomsk 634055, Russia

Under real atmospheric conditions the microphysicaperties of the scattering medium are
subjected to randomly-inhomogeneous fluctuationsniie and space. Therefore direct and inverse
problems of laser sensing should be consideredsioehastic formulation. In this case the initial
optical parameters of the transfer equation thatmiges multiple scattering are defined in the form
of random functions of space and time. Obvioughtesnent of direct and inverse problems of laser
sensing theory under these conditions should bedbagpon the analysis of functional and
correlation relations which define informativenessd interdependence of the estimated and
measured parameters for the given experiment.

In this paper the light haze of a ground-basedeUIOAR in an altitude-wise optically
inhomogeneous cloud-free atmosphere and the choredabetween aerosol scattering coefficients
and echo-signal time distribution were computedviamous optical-geometrical parameters of the
experiment using the Monte-Carlo method. Modelihghe LIDAR echo-signal reflected from the
lower boundary of a liquid droplet cloud for a gnodbased LIDAR was also completed in the
visible and the terahertz range. A feature of tleadeulations is the choice of a model with altéud
wise statistically inhomogeneous structure of adroscattering parameters for a cloudless
atmosphere. The vertical stratification of molecudad aerosol scattering coefficients, aerosol
scattering indicatrix in the atmosphere and cloudttering indicatrix in the visible range are
presented in [1], the corresponding data for tmehiertz range may be found in [2]. The echo-
signals from clouds were computed in the assumpifostatistical variation of the altitude of the
lower cloudiness boundary. The vertical stratifimatof the attenuation coefficiens in stratiform
clouds was obtained from [3]. In the calculationsal estimates [4] and their new effective
modification [5] were employed.

Note that maximum correlation values between theoeignal and the lower cloudiness
boundary are significant (over 0.4) and increaseme attenuation coefficient decreases both in
the visible and in the terahertz range. In the adsa combined radiation source and receiver sing|
scattering makes the main contribution to the esigoal (averaged over the cloud’'s lower
boundary altitude) in terahertz range.

The work has been done under the financial supgfate RFFR (grant 12-01-00034), Integrational
Project SB RAS # 52, RAS Presidium Project #158-1-

1. Kablukova E.G., Kargin A. B., Kargin B.A. Lideemote sensing of atmospheric aerosol and cloustines

Monte Carlo modelingProc. SPIE 8526November 19, 2012, doi:10.1117/12.977241.

2. Shettle E.P., Fenn R.\Wlodels for the Aerosols of the Lower AtmospherethadEffects of Humidity
Variations on Their Optical Propertiedir force geophysics laboratory, Air force syseeaommand, USAF ,
1979.

3. Feigelson E.M., Reider Radiation in cloudy atmospherBordrecht, Boston, Lancaster, 1984.

4. Marchuk G.1., Mikhailov G.A., Nazaraliev M.A.t al. Monte Carlo methods in atmospheric opti§pringer-
Verlag, New-York, Berlin, Heidelberg, 1984.

5. Kablukova E.G., Kargin B.A. Efficient discret®eshastic modification for local estimates of themie Carlo
method for problems of laser sounding of scattenmaglia.Computational technologie2012, 17, 3, 70-82.
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An Apparatus and Programmatic System of Hyper -Spectral Airspace
Imagery Processing

V.V. KozoderoV (vkozod@mail.ri T.V. Kondranid, E.V. DmitrieV?, V.P. Kamentséey
'M.V. Lomonosov Moscow State University, PhysicsiBacLeninskie Gory, 119992 Moscow, Russia
“Moscow Institute of Physics and Technology, 9 tutskiy per., 141700 Dolgoprudny, Russia
¥Institute of Numerical Mathematics RAS, 8 Gubkin $19333 Moscow, Russia
“Tver State University, 33 Zhelyabova str., 17010€rTRussia

Methods, algorithms and computational programs afumal and anthropogenic objects
recognition using airspace images of high speetnal spatial resolution are elaborated within the
created apparatus and programmatic system. Theappaart is based on the registration of the
hyper-spectral images which are formed by hundmdspectral channels in visible and near
infrared region. The recognition is based on thetjase of spectral and texture features of the
observed objects while employing the supervisingcedures of a selected classifier with test
sampling. A step up method is applied for the clegaptimization using data under processing for
the analysis of the objective function charactegzihe accuracy of the objects recognition by the
spectral features for the particular classifiere Tigh spatial resolution of the hyper-spectralgesa
demands understanding contextual information (thetext is characterized by the influence of
neighboring pixels, for example, the forest vegetabbject is related to a particular class unkess
boundary with any other object appears, the accolitite context leads to an enhancement of the
accuracy of such recognition).

New approaches are accounted for while considesiteg and labels in the objects pattern
recognition procedures. A mathematical formalismused of finding the maximum posteriori
probability for Markov random fields to have in rdithe influence of the neighboring pixels for a
given class of the objects on the processed im&tgndard procedures of smoothness of any
distorted image due to the instrument noise an@roéffects are considered together with the
segmentation procedure of separate classes, @esntioothness only inside the selected contours
(“spatial regions”) of the objects. Examples arsoatlemonstrated of the perceptual grouping
appearance where the test sites with the segmefgtaigres (points, lines, regions) are irregular
distributed and the matching problem of these feathas emerged. The neighborhood system has
just become essential for the pixels of a particalass and the cliques between these pixels as a
measure of their inter-relations. The higher lesethis recognition combines such computational
procedures, in which the site denotes a given nrajcand the label represents any acceptable
transformation (orthogonal, affine or any other).

Examples are shown of the airborne hyper-spectnalgery processing where the forest
canopy has a characteristic texture given by thernmediate illuminated and shaded parts of the
tree crowns as well as the inter-crown space. €hestered radiances of the illuminated parts are
mainly determined by the optical properties of theowns, the current atmospheric conditions and
the Sun height at the moment of survey. The us@eérgpectral instrument ensures high values of
the signal to noise ratio in this case. The reibecof the solar radiation by the shaded partdef t
crowns of the same class of the “pure” forest sgmeoiccurs in a more complicated way. Multiple
sunlight scattering inside the crowns and the spkptoperties of the underlying surface has just
emerged important. The instrument signal level iglmlower in this case than for the illuminated
phyto-elements of the forest vegetation. The eftdcthe internal instrument noise is enhanced
while forming the related radiances.

Based on the airborne hyper-spectral remote sensmgmples are revealed of the
information layers selection formed on a particiésst site using the collected ensembles of spectra
depending on the age of the coniferous and decglspecies. The automation prospects are opened
up of the recognition for such complex objectstesforest ecosystems with different species and
age using the hyper-spectral images while employivegproposed apparatus and programmatic
system of data processing.
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Remote Sensing Technique of Near Surface Wind by Optical Images of
Roughed Water Surface

V.I. Titov? (titov@hydro.appl.sci-nnov.juV.V. Bakhanov, S.A. ErmakoV,

A.G. Luchinin', I.A. Repind, I.A. Sergievskaya
Ynstitute of Applied Physics RAS, 46 Ul'yanov $03950 Nizhny Novgorod, Russia
“A.M. Obukhov Institute of Atmospheric Physics RAByzhyovskiy per., 119017 Moscow, Russia

The principles of remote sensing of near surfacedsiby its manifestations on the waved
surface under grazing angles were developed. Thiehod the waved water surface intensity based
on expansion of surface intensity on wave’s slojadsng into account wave’s shadowing was
developed. The analytical dependence of intenditywater surface on wave’s slope dispersion
permitting to restore velocity of near surface winas received.

The technique for monitoring of wind’s fields bytmal RTI images (range-time-intensity
images) constructed from optical profiles of sedeme was developed. The RTI image is an optical
analog of side-looking radar image of sea surfagehaving higher spatial resolution and some
possibility for remote sensing of sea roughness [ossible to form RTI images with range from
some tens meters to kilometers depending on spasalution needed and height of optical device
above sea level.

The complex of original optical devices for recagliof RTI images using the linear array of
CCD-photodiodes is created. Complex consists af $gunchronized optical devices operated under
various spectral diapasons, polarization of ligid directions of observations. The optical complex
can be installed on a shore, ship and aerial caffriee optical device specifications:

- Swath width: from 50 m to tens of kilometers;

— Resolution (geometrical): from 3 cm and more dependn swath width;

— Frame repetition: 18.7 Hz;

— ADC frequency: 38 KHz;

— Number of points in swath: 2000;

— Spectral range of light: 0.46—0.6 microns;

— Polarization of light: vertical and horizontal.
Processing of signals, which are optical cross@esif the surface image, consists in correction o
perspective distortion and construction of spatisdmporal images of the surface in the
coordinates: range — time — intensity (RTI imagasy] in joint analysis of obtained images.

The principles of retrieval of wind field’s charadstics such as spatial structure, velocity of
wind’s outbursts and wind velocity by its manifégtas on water surface under grazing angles
were developed. The investigations of near surfeioel fields features in internal reservoirs and
various regions of seas during last years were wtted by optical complex. The structure of near
surface wind fields, eddies, wind fronts, katabatind flows for ranges from hundreds meters to
some tens kilometers were recorded and analyzedvddedata of optical monitoring of water
surface may serve for future investigations of reeaface wind features.

The work was supported by RFBR (projects 11-05-8029-05-00384, 11-05-01143, 13-05-97058,
13-05-97043, 13-05-97059, 13-05-00812), Federgbdaaful Program “Scientific and scientific - pedgigo
cadres of innovation Russia” (agreemeNt 8332), and by the Russian Government (Grants
Ne 11.G34.31.0048, ang 11.G34.31.0078).
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Methods and Code for Processing of Multispect ral and Hyperspectral
Images of Remote Sensing

T.A. Sheremet’eva (sher@sbor.sph,<b.N. Filippov, and A.M. Malov
NIl OEP, Pobox 23, 188540 Sosnovy Bor, Russia

The report presents methods, algorithms and saodtvi@r processing of multispectral and
hyperspectral imagery to improve the efficiencydata analysis in a wide range of applications.
The processing of hyperspectral images is usuaywed on the basis of the analysis of the spectra.
Therefore it is extremely important that the speectould be recorded without distortion. However
there are the spatial distortions caused by inftaesf mechanical and temperature impacts on the
equipment which lead to the displacement of theupss of different bands (channels), and hence to
the distortion of spectra. One way to increasedtfiieiency of the analysis is the correction of
spatial distortion of images of different bandsnhgans of digital computer processing.

The report presents a method, which estimates #nall@l displacement of fragments of
images and then corrects spatial distortion. Fepldcement's definition for a case of images of
various bands the way of transformation of the ienag similarity to a sample is used. The using of
large amount of samples and a set of local charstits of image's pixels (the brightness, gradient
textural, etc.) allows to reach the subpixel accymaf definition of displacement and to estimate an
error of its definition. Definition of displacemeig carried out completely automatically. It is
possible to increase efficiency of the analysisjiriga prepared basic data for performance of a
specific task. It can be done, having presentedallis basic data so that objects of interest would
be allocated, and insignificant objects are impetibée.

The new version the program of target visualizattoriGSI Visualization", intended for
computer processing of hyper spectral picturegielbped. The program allows representing a set
of hyperspectral pictures in the form of one imaggray gradation according to similarity of the
current pixel (spectrum) to a sample. Besides etieera possibility of synthesis of the color image
in pseudo-color using several samples (the quanofitgamples is not limited). In the program
various measures of the similarity, which choicdefined by applied task, can be used. Samples of
spectra used by the program, can be chosen vieinihigl images, and can be taken from in

advance prepared spectral library.
1. Sheremet’eva T.A. and G.N. Filippov. The wayefinition of spatial shift of images, Russian Pafso.
2460137, 2012.
2. Sheremet’eva T.A., G.N. Filippov, and A.M. Maldwhe transformation of images using similarityato
standard and its applicatioh. Opt. Techno).77, 194.

Remote Sounding of lonospheric Disturbances Ca  used by Exhaust
Streams of "Progress" Cargo Spacecraft

V.V. Khakhinov (khakhin@iszf.irk.ry V.P. Lebedev, D.S. Kushnarev, S.S. Alsatkin
Institute of Solar-Terrestrial Physics SB RAS, Bfix 291, 664033 Irkutsk, Russia

Space launches have turned the ionosphere inttusah&boratory for examining plasma in
conditions unavailable for ground-based laboratexperiments. Active space experiments in
controlled local modifications of the ionosphere af particular interest. Since 2007, such space
experiments have been made using "Progress” caagmesraft (CSC). A source of the ionosphere
modification is the exhaust stream of CSC engifiée CSC engines were being activated for 5—
10 s during its flight in the field of view of thground-based radio sounding tools. A small amount
of exhaust product with the known composition igated into the ionosphere resulting from the
combustion of 5-10 kg of rocket fuel in the ~80 &8C orbit arc. Artificial ionospheric
disturbances caused by high-velocity exhaust sgeara similar to natural ones. Studying the
formation, evolution, and dynamic characteristitsuch artificial disturb-ances at the defined time
and place is of utmost importance. Experimentalitesare used for de-veloping theoretical and
mathematical models of generation and evolutiopla§ma irregularities in the ionosphere.
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The goal of space experiments is to determine sjpaeedependences of density, tempera-
ture, and ionic composition of local ionosphertregularities arising from CSC engine running. The
main ground-based radio sounding tool is the likiigoherent Scatter Radar (ISR). An auxiliary
device is the digital ionosonde DPS-4 operatintha vertical sounding mode. To determine sizes
and location of plasma irregularities, we deplogednterference system with multi-channel digital
VHF receiver that receives signals from an on-bdaathsmitter. The space experiments were
conducted under various helio-geophysical conditidine direction of exhaust stream velocity was
selected from the following options: toward andiagathe CSC motion; toward an ISR beam; and
northward.

The experimental results may be formulated asy@lA slight exhaust stream impact on the
ionosphere results in an area ("hole") of strongatige disturbances. The radar characteristics of
CSC and the ionospheric "hole" parameters dependhelin-geophysical conditions, the
background ionospheric characteristics, and theesthstream directions relative to geomagnetic
field and ISR beam. When exhaust steams directi@rs toward ISR, we observed the strongest
ionospheric disturbances (electron density dectehge&0-30 %) and the most dramatic changes in
the radar characteristics of CSC. The lifetime e tholes” was 10-20 min. With the engine
running, the phase difference between VHF sigreadsived by adjacent antennae increased.

The study was supported by the Ministry of Educatand Science of the Russian Federation
(Government contract No. 14.518.11.7065, Agreemints8388 and 8699) and RFBR (Grants No. 13-05-
004564 and 13-0200953%).

Effective Interpretation of Weak Lidar Signals

A.D. Yegorov (egorovad@rambler)id.A. Potapova, N.A.Sanotskaya, A.V.Shchadin
Russian State University, 98 Malookhtinsky prinSBetersburg Poccus

Lidar probing of weak scattering atmosphere inctuttee solution of the problem of the
interpretation of echo signals. Advantages of thedrization of the inverse problem in the case of
small extinction coefficient value were recenthabmzed. From the other hand, the linearization of
the inverse problem leads to the additional error.

The method of the interpretation of echo signalshim case of small extinction coefficient
value without using the linearization of the invee@oblem is considered in this paper. The specific
features of the effective interpretation of weallati signals without using the linearization
procedure are considered. The interpretation obspineric aerosols lidar probing data is based on
the inversion of the lidar equation. This equaonmnects the backscattering signal with the optical
characteristics of atmospheric aerosols. The pafethe background light is to be taken into
account.The interpretation of lidar information was carriedt here inverting the backscattering
signals returned from a homogeneous atmosphereevdtarospheric parameters are constant in
space.The solution of the lidar equation was used to ri@tee the extinction coefficient arttie
lidar constant using the preliminary calculatedKgacund light. Preliminary calculations
of the background light were carried out using fiyenmetric scheme of date processing. The
relative error in the power of the background lighes not depend essentially on the scheme.

The error analysis was carried out for known expernital data. The statistical error of the
extinction coefficient can be diminished using #ffective beam-path averaging procedure. Errors
of the extinction coefficient for different minimimy procedures depending on weighting
coefficients are considered. A comparison showstti@errors found when they are analyzed can
differ by almost a factor of 3 for different miniemng procedures. So, the problem of weighting
coefficients is rather important. The method is eleped in the paper to determine weighting
coefficients.
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Radar Sounding of Convective Clouds with Refe rence to Forecasting of
the Dangerous Phenomena

T.E. Danova (danova8@mail)ru
Odessa State Environmental University, 15 Lvovs&aja65114 Odessa, Ukraine

Using two-wave MRL, parameters of convective cloutdshe early stage on the Black Sea
Coast from the moment of occurrence of the firsiceacho up to a maximum are investigated.
Dynamic parameters of growing cells which charaoterate of change in time of maximum radar
reflectivity of the cloud height and zone of incsed water content inside are defined. The size of a
hail depends on time of growth of the specifiedapasters. Use of the offered complex of criteria
allows to reduce by 1/3 the quantity of experimeartd to reduce expense of a reagent on them for
a season to 25-30%.

The Satellite Navigation Systems Applying for the Investigation of the
Mesoscale Structure Diurnal Variations in Trop  osphere

V.E. Khutorov (pri870@yandex.yuV.V. Kalilnikov
Kazan (Volga Region) Federal University, 18 Kremlaia, 420008 Kazan, Russia

With the development of satellite navigation sys€®NS) the ability for using their signals
for remote sensing of the troposphere arose, amgrbblem of estimating the effect of mesoscale
and other irregularities in the troposphere in GB&o propagation can be solved. The report
describes the principles of radio measurementatifoospheric research network GLONASS-GPS.
The network of receivers spaced from 1 to 35 km Ieesn constracted. This spatial resolution
allows estimating the structure of the tropospherethe mesoscale processes. Radio waves
refraction index is the indicator of atmospheribdmogeneous structure. In the Kazan Federal
University a network of GPS receiving stations awualated a unique database of long-term (2007-
2012) measurements with high time-frequency, whittwed to study inhomogeneous structure of
the radio waves refractive index in the troposphere

The methodology of calculation of structural funatiof tropospheric delays received from
remote sensing by GLONASS and GPS signals is degdldt is shown that the structure function
of the radio signals tropospheric delay and its govapproximation are the quantitative
characteristic of the troposphere inhomogeneoustsire. The value of the structure functions of
tropospheric delay is highest in the afternooneindf the power function in the daytime maximum
equals to 0.7. For morning and evening measurenoérke power index is 0.1-0.2. A comparison
of characteristics of tropospheric irregularitiggasned by calculating the structure functions from
measurements GLONASS-GPS signals with the restilisng-term ground-based meteorological
parameters measurements in the same range oflariigs scales showed a great their similarity.

Variability of Aerosol Optical Depth in the Center of Eurasia

N.I. SizoV}, V.N. Aref'eV, F.V. Kashid, L.B. Upenek, M.D. Orozalie¥, V.P. Sinyako,

L.l. Sorokin&
'Research and Production Association “Typhoon”, 4Bdy Str., 249038 Obninsk, Russia
*Kyrghyz State National University, 101 Manasa S©20033 Bishkek, Kyrghyzstan

Measurement results of the aerosol optical deptb¥Aobtained at the wave length of 500
nm since 1984 to 2013 at the Issyk Kul monitoringtisn (42°37'20" N, 76°59'08" E, 1650 m
above the sea level) are presented.The automgtmattrolled solar photometers, the calibration
procedure and the process of data processing dedadn [1] were used. The analysis of the data
obtained made it possible to determine the basis laf the AOD variability: seasonal variations,
linear trend and a noticeable increase of the AObkanic eruptions. A mean annual value of the
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AOD for the period from 1984 to 2012 decreased lyua ~ 3.8%. The negative linear trend was
about — 0.13% per year. During the last severalsy®95-2012) the negative trend turned into the
positive one 0.16% per year. Minimal seasonal ACQ#iations were registered in December,
maximal values — in April and August, and an averagnplitude of seasonal variations made
(0.011+ 0.004) or (2 4)%.

The analysis of statistical indices of the atmosigheptical depth has shown that the AOD
has differences in mean monthly means from the abmode: the mode, median and the average
value do not coincide.The distribution is an asyrmmene with double-peaks, the median and the
main mode are shifted from the average value tosvird lower values. The distribution of mean
annual values is practically normal.

The simple statistical model of aerosol opticaltdgmroposed in the paper is satisfactory
agreement with the mean annual values and isl@Wwiirse than the mean monthly values. Due to
the complex linear trend this model is inapplicafde detailed forecasting of the variability of
mean monthly AOD values.Thus, the analysis of t@DAmonitoring results for 28 years of
observations revealed a complex character of ispteal variability: seasonal and anomalous
variations in the annual cycle, anomalous annuahghs and long-period trends induced by various

not always known helio-geophysical and anthropagéagtors.
1. Aref'ev V.N., Kashin F.V., Krasnosel'tsev A\t &. Structure of atmospheric transparency tempora
variations in the center of Eurasiavestiya RAN. Fisika atmosfery i okeaB@08, 44, 5, 663-669.

Observations of Nitrogen Dioxide in the Strat osphere by Passive Sensing
Method at the Siberian Lidar Station IAO SB RAS in Tomsk (56.5 ° N, 85.1° E)

B.A. Voronin, M.V. Grishaev_(grishaev@iao)riN.S. Salnikova
V.E. Zuev Institute of Atmospheric Optics SB RA&;ademician Zuev sq., 634021 Tomsk, Russia

From January 1996 to the present, Siberian Lidatidt at Institute of Atmospheric Optics,
Siberian Branch, Russian Academy of Sciences insko(b6.3 deg.N, 85.1 deg.E) performs
observations of nitrogen dioxide content in the egphere by the passive sensing method. The
measurements are performed at twilight time ofdag during morning and evening with the help
of the automatic spectrophotometer assembled onb#stes of MDR-23 monochromator. The
spectrophotometer records the spectrum of solaiatrad, scattered in zenith, in the visible
wavelength range (430-450 nm), when the solar lzeaitgle varied from 83to 96. The
deformation of the spectrum relative to the refeeespectrum is used to determine the nitrogen
dioxide content along the trajectory of propagatadrnthr solar ray. Through solution of inverse
problem, data on the oblique nitrogen dioxide conia the atmosphere are used to retrieve the
vertical distribution of nitrogen dioxide in 10 kg, each 5 km in thickness, in the altitude range
from O to 50 km. Then, we calculated the total oolar content (TCC) of nitrogen dioxide as a
sum over all layers and the M@ontent in stratospheric column in the altitudgioa of 10-50 km.

In the report, we will present the twilight spegihotometer observations of the total NO
content for the period from 1996 to 2012 for mognand evening N@observations. Analysis of
time series shows that the morning TCC values of BI® systematically smaller than the evening
values due to night-time conversion of nitrogendesi NO and N@to “long-lived” reservoir
molecules NOs. The time series show the annual behavior, witkimam values during summer
and minimum values during winter. The TCC valuedNGL during the summer maximum are a
factor of 4-5 larger than those during winter minim The annual behavior of NOCC matches
the behavior of the solar insolation, which hasrggreffect on the photochemical processes in the
stratosphere. In addition, NO'CC depends not only on the ozone content in titatosphere, but
also on other admixtures of trace gas constituehtee atmosphere. The short-term variations in
NO, TCC are also associated with the circulation pses in the atmosphere.

In the course of analysis of time series, it wamtbthat anomalously high NG CC occurs
during winter, primarily because of the transpairtcold Arctic air masses, which contain the
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reservoir molecules of odd nitrogen and chloronigracid, from weakly illuminated polar regions
to midlatitudes, where reservoir molecules phototiz form nitrogen dioxide. The linear regression
method was used to analyze the trend of the timiessef total NQ content for morning and
evening observations. Preliminary, the time sewese deseasonalized and divided into two time
periods. The first time interval, from 1996 to 2006 considered as long-term volcanically
quiescent period, characterized by 23rd eleven-ggele of solar activity. Trends for this period
have values of —2.93% per year for morning obsmmwa and — 8.3% per year for evening
observations. The second time interval is from 2@Dhe present, with a few volcanic eruptions
occurred during it. They favored the formation aloanic aerosol in the stratosphere, which had
effect on nitrogen dioxide TCC, but the trendd ktilve positive values.

This work was supported by the Ministry of Educatend Science of the Russian Federation (state
contracts nos. 14.518.11.7063 and 11.519.11.6088)peoject no. 4.5 of the Program of the Presidafm
Russian Academy of Sciences.

Atmospheric Aerosols Measurements and the Relia  bility Problem: New
Results

A.D. Yegorov (egorovad@rambler)rd.A. Potapova, Yu.B. Rzhonsnitskaya,

V.A. Drabenko, N.A. Sanotskaya, A.V. Shchadin
Russian State University, 98 Malookhtinsky prinSBetersburg Poccus

This paper analyses new methods of monopositiobipgoand multiposition probing. The
optical thickness of the atmosphere was determimethethods of multiposition probing without
numerical integrating. More accurate simulationsthed errors were performed for multiposition
schemes of lidar probing with realistic parametdriédar and atmosphere. We take into account the
relationship between the lidar signals and thegialeterms of the Klett equations. The purpose of
this paper is also to discuss the lidar equatidatisms developed for weak signal processing and
the results of the analysis of the effectivenesthe$e solutions. There are considered the erfors o
the extinction coefficient for different minimizingrocedures depending on weighting coefficients.
The method is developed to determine weighting fmefts. The preliminary calculated
parameters were used for more accurate linearizafidhe inverse problem. We take into account
in this paper previously obtained for results [fLherosol measurements.

The new model of a spherical particle with the a#gi variable refractive index was
proposed. The effectiveness of the proposed madélased on the possibility of choosing the
thickness of inhomogeneous coating depending onptrécle size. The proposed model can
explain the significant discrepancy found in theF&itersburg region between the photoelectric and

filter aspiration results and can be used to minéihe error of particle size optical determination
1. Yegorov, A.D., Potapova, I.A. and Rzhonsnitskag@B. Atmospheric aerosols measurements and the
reliability problem.International Journal of Remote Sensi2§08,29, 9, 2449-2468.

Modification of Module to Simulate Sun-Radiome ter Signals in Synergetic
Method of Processing Complex Lidar&Radiometer Measurements

L.l. Chaikovskaya (l.chaikovskaya@dragon.bas-ne).b.Ju. Lopatin® S.M. Prigarif,

0.V. Dubovik, P.V. Litvinov’, A.P. Chaikovsk¥ Ja.O. Grudg S.V. Denisov
Ynstitute of Physics NASB, 68 Nezavisimosty a200?22 Minsk, Belarus
“Novosibirsk State University, 2 Pirogova str., 6800Novosibirsk, Russia

3LOA, Universite de Lille, Lille, France, oleg.duliio@univ-lille1.fr

Lately, on the basis of European lidar network EARET and global sun-photometric
network AERONET a new technology of the atmosphesteidy, which is complex
lidar&radiometric sounding of the aerosol layegart to develop. The idea to unite measurements
by lidar and sun-photometer was worked out by meteas from Laboratory of scattering media
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optics of the Institute of Physics (IPh) of NatibAgademy of Sciences of Belarus, Laboratory of
Optics of Atmosphere (LOA) of Lille Scientific-Teoblogical University and NASA Centre, and
realized in the integration of lidar and radiomeibservations on the ten EARLINET combined
stations. The method to retrieve vertical distiidmg$ of aerosol fractions concentrations was
elaborated, and a program package based on thimthetas designed to be used at the combined
stations. Simultaneously, the synergetic methgordcess data of co-located lidar and radiometric
observations was offered, parameters of aerosokhiming computed there in parallel in a single
inversion procedure for totality of measurementstivg systems. This method is expected to
enhance aerosol characterization.

A new algorithm and code for processing complex thwavelength lidar and spectral-
angular radiometric measurements have been recgewigioped in cooperation of the researchers
from LOA (Lille, France) and IPh (Minsk, Belaru®resently, the code is upgraded to make a new
program package for the complex lidar&radiometperiment. The new algorithm has flexible
modular structure. Among main modules is the «fodmaodeling» block designed to evaluate
characteristics (radiance, polarization) of scatteadiation in the atmosphere based on solutibns o
the vector transfer equations to simulate signbslzackground radiometer.

The report presents our results on improvementhefprocedure of parallel processing of
complex lidar and radiometric measurements datagha the results of «forward modeling» block
modification. Processing of data bulk obtained esgular measurements involves a lot of
calculations. Therefore, it is important to crefdst analytical techniques to compute functions
modeling measurements and its derivatives. Therref@scribes analytical technique to simulate
propagation and scattering of radiation through aft@osphere and its adaptation to compute
signals of a background radiometer in the new &lgor version. Large attention is given to
inclusion of the intricate model of bi-direction&flection by the earth surface into the analytical
technique.

Mobile Measurements of Tropospheric NO , over Encircling Highway Round
the City of St. Petersburg

D.V. lonov (ionov@troll.phys.spbu.yuA.V. Poberovsky
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

The results of mobile spectroscopic measurementsopbspheric N@ columns onboard
motor car, on a closed ring road round St. Petegsho august 2012 are presented. The
observations were carried out with the use of canhpatomatic high-resolution spectrometer
(OceanOptics HR4000) in the wavelength range 398+60, ~ 0.6 nm spectral resolution. To
perform mobile measurements, the optical fibernstalled on the car roof, making possible
continuous registration of zenith-sky scatteredight Location of the car is determined with the
help of GPS-sensor, to attribute the measurementtseto the map of the route. Exposure time of
individual spectra measurement is set by the psingssoftware depending on illumination
conditions, being ~ 60 ms on the average (daytibseiwvations close to local noon — at high sun).
The measurements are recorded each 30 secondsjnditidual spectra averaged within that
period. The route distance was ~ 140 km, withiratlan of ~ 1.5 hour.

The measured spatial distribution of NOver the car route display reasonable agreement
with a results of simulated urban pollution dispams(HYSPLIT model). Based on a predominant
wind direction during observations, total Bl@mission (flux) from all the sources encircledhnét
ring road, is estimated.

These studies were performed using the equipmeahedsPbSU Resource center "Geomodel".

This study was done with partial financial suppfmdm research grants 11.31.547.2010 and

11.37.28.2011 of Saint-Petersburg State Univeraigywell as from the grant 12-05-00596 of the Rurssi
Basic Research Foundation.
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Variations of CO Total Column in Atmosphere of Megapolisis Moscow
and Beijing

V. Rakitin (vadim@ifaran.ry E. Grechko, A. Dzhola, E. Fokeeva, and A. Gdici
A.M. Obukhov Institute of Atmospheric Physics, RBAByzhevsky per., 119017 Moscow, Russia

The results of analysis of long-term CO total cau(@O TC) spectroscopic measurements
over Moscow (site IAP, Obukhov Institute of Atmospils Physics) and over Zvenigorod (site ZSS,
Zvenigorod Scientific Station, 53 km West from Mo®g are presented. Using the trajectory
analysis the average (“model”) seasonal rural COvafations for all years of measurements (i.e.,
all events of Moscow emissions impact upon “rut@® TC and another events of atmospheric
pollutions were excluded from these retrievals) avealculated. The effect of Moscow pollution
sources influence upon the CO rural TC was estidnatée small: the percentage of days with ZSS
CO TC exceeding average seasonal rural means mamel0% (i. e., typical STD of diurnal TC in
the “rural” area) was found ~ 5%. This proceduteves using ZSS-data of CO TC as regional rural
ones.

The rate of decrease of CO TC urban part (urbamili@s rural TC) over Moscow and CO
TC over Zvenigorod for 2001-2012 is 2—3% per yeardifferent assessment techniques. Trend of
CO TC over Beijing for 1992-2012 years was estimase statistically insignificant. The
atmospheric CO pollution level in Beijing was foulad 2-3 times stronger comparing with
Moscow ones. The average annual CO emissions ircddosire estimated as 2.7 = 0.9 Tg/year. It
confirms similar estimates for another cities (Mexiand Sankt-Petersburg), in considering of
different numbers of auto vehicles and populations.

There is no increase in the CO TC over ZSS and blamcow for 1970-2012 years in spite
of multiple increase of the motor vehicles numleMoscow. The number of high values of CO
TC urban, or emission part over Moscow was decreasaultaneously with increase of number
CO TC low values for 2006—2012 years. The simgadency was observed in analyzing of aerosol
pollution of Moscow atmosphere.

Gas Concentration Measurements in Gas Mixtures by IR Spectroscopic
Method

l.S. Frantsuzova, A.V. Poberovsky (AVpob@troll.plsgbu.rg
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

Detected changes of atmospheric gas compositionuktied the activities for high-accuracy
monitoring of concentrations of atmospheric tracasey (ATG). The application of IR
spectroscopic method to the problem of quantitatipectral analysis of gas mixtures has been
considered. The aim of the work was the derivatddnoptimal parameters for concentration
measurements of several ATG in atmospheric air fsmmsing Fourier spectrometer IFS125HR
and multi-path cell.

In the course of the study concentrations of COcafibrated gas mixtures have been
measured, and quantitative analysis of atmosplaricamples has been done. The results of
processing and interpretation of spectra of caidar&CO and B mixture and of spectra of various
ATG are presented. The procedure of the eliminatibsinusoidal modulation of spectrum has
been developed in order to increase the measureaoentacy. The optimal spectral intervals,
instrument line shape function and spectral resmiubave been obtained for the analysis of the
considered calibrated mixtures.

These studies were performed using the equipmeahedsPbSU Resource center "Geomodel".

The work was partly supported by St. PetersburteSdaiversity (research grants 11.31.547.2010 and
11.37.28.2011) and by Russian foundation for basiearch (grant 12-05-00596).
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Ground-Based MW Temperature-Humidity Sounding o f the Troposphere

N.A. Zaitsev, V.S. Kostsov (vlad@troll.phys.spby,.Mu.M. Timofeyev
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

Regular measurements of the intensity of downwglimicrowave (MW) radiation were
performed with high temporal resolution in 2012-2@t the Faculty of Physics of St.Petersburg
State University (St.Petersburg, Petrodvorets) gigiround-based microwave instrument RPG-
HATPRO (Humidity And Temperature PROfiler, manutaed by Radiometer Physics Gmbh)
functioning in the spectral region of oxygen bamsl @n and water vapor line 1.35 cm. The inverse
problem of the retrieval of temperature and hurgiggrtical profiles from the values of brightness
temperature of downwelling MW radiation was solveing two different methods: (1) regression
(the algorithm has been developed and implemenyethd manufacturer of the instrument); (2)
complex multiparameter method based on optimaimasion [1]. The retrieved temperature and
humidity profiles were compared with radiosondead@toejkovo station, the distance from MW
measurement site is 50 km). The discrepancies latite radiosonde data and the results obtained
by regression method were 1-2 K for temperature5aid% for relative humidity in the lower 3-

4 km layer (seasonal dependence was detected, suamtie@autumn of 2012 and winter of 2012—
2013 were considered). Above 3-4 km altitude tigeession method is characterized by noticeable
systematic errors which reach 8 K at 10 km altitu@mplex multiparameter method is
characterized by the absence of noticeable seadepahdence and provides the accuracy of 1-3 K
for temperature and 10% for relative humidity ubteé km. Taking into account the possibility to
perform MW measurements continuously, during langetperiods with high temporal resolution
(several minutes) and almost independently fromtlnexaconditions, one can recommend to use the
data of MW temperature-humidity sounding for symetous validation of satellite measurements.
Functioning of MW instrument RPG-HATPRO was mainé& by Resource center "Geomodel" of
St.Petersburg State University.

The work was partly supported by St.PetersburgeStaiversity (research grants 11.31.547.2010 and
11.37.28.2011) and by Russian foundation for b@search (grant 12-05-00596).

1. Kostsov V.S., Poberovsky A.V., Osipov S.1., Tieyev Yu.M. Multiparameter technique for interpnet

ground-based microwave spectral measurements jrtfidem of ozone vertical profile retrieval.
Atmospheric and Oceanic Optj012,25, 4, 269-275.

Moscow Heat Island and Thermal Anomalies into Blocking Anticyclone in
Summer 2010

G.l. Gorchakov (gengor@ifaran.fy E.N. Kadygro?, V.E. Kunitsyr, V.1. ZakharoV, E.G.

Semoutnikov3 A.V. KarpoV!, G.A. Kurbatov, E.A. Miller?, S.I. Sitansky
!A.M. Obukhov Institute of Atmospheric Physics, RASyzhevsky per., 119017 Moscow, Russia
“Central Aerological Observatory of Roshydromet,eg3y@mayskaya ul., Moscow region, Dolgoprudny, Russi
!M.V. Lomonosov Moscow State University, PhysicsiBacLeninskie Gory, 119992 Moscow, Russia

Analysis of thermal sounding data [1] in the atnempc boundary layer (Moscow and
Moscow region) in summer 2010 has shown that timgceé profile temporal variability of the air
temperature is conditioned by the urban heat is&ffett and the thermal anticyclonic anomaly in
the lower atmosphere [2]. Microwave sounding dataLomonosov Moscow State University
(MSU), in Central Aerological Observatory (CAO) aatlZvenigorod Scientific Station (ZSS) of
A.M. Obukhov Institute of Atmospheric Physics arsoatemperature measurements results in the
surface layer (Moscow region) at “Mosecomonitoristgtions were used.

The urban island heat effect in the surface laygnmrised an average (0.9-4.0 (22—
29.07.2010), 1.5-5°0C (1-10.08.2010) in the smoky atmosphere. At He2m the urban island
heat effect (MSU) achieved 4.8 in non-smoky atmosphere and 5@ in smoky atmosphere.
Minimal effect (0.6—2.5) C was seen at heights 200-400 m.
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Air temperature departures of the diurnal amplitugethe upper part of the sounding layer
(300-600 m) constituted in MSU (0.8-2.8) (height 600 m) and (1.2-3°1¢ in CAO (height
600 m) from the diurnal amplitude at ZSS. They wdetermined by the thermal anticyclonic
anomaly [2].

The most intensive inversions of temperature weensat ZSS from the surface to heights
300-350 m: (2.4-3.3)C in the non-smoky and weekly smoky atmosphere(dr@+5.9jC in the
heavily smoky atmosphere.

This work is supported in part by RFBR (project No05-01144).

1. Sitnov S.A., Gorchakov G.I., Sviridenkov M.A.a@t Atmospheric circulation influence on evolutiand
radiative forcing of smoky aerosol over Europeart pRussia in summer 201Barth Investigation from
Space2013, 2, 28 —41.

2. Kadygrov E.N. Microwave radiometry of atmosphdroundary layer: method, instruments and measureme
results Atm. and Oceanic Optic2009, 7, 697—704.

Analytical Solution of the Cloud Inverse Prob lem on the Base of
Airborne Observation of Diffuse Solar Radiance

Irina Melnikova" (irina.melnikova@pobox.spbu)wefwa M. Genya Charles K. Gatelie
'Russian State University, 98 Malookhtinsky prinSRetersburg Poccus
’NASA, Goddard Space Flight Center, Mail Code 61Gr2enbelt, MD 20771, USA

The analytical approach of the inverse asymptatimtilas of the transfer theory with taking
into account cloud horizontal heterogeneity is gggpto the solution of the cloud optics inverse
problem. The approach is free from a priori resityits and links to desired parameters those were
used by many other authors and prevented the atializof true value of cloud characteristics.

Radiance observation is accomplished at viewingtz@mgles from 0till 180° in 1° interval
and repeated several times at every altitudinallev8 spectral channels from UV till near IR. The
procedure of processing data obtained above, batalnat 16 levels within cloud is based on data at
a multiplicity viewing directions. The instabilityf solution over viewing directions is revealed for
the processing radiance as distinct from irradiafoe this reason the regularization of the sotutio
with taking into account observational and retrieataors is performed. Final values of the single
scattering albedo appear practically the same ligexvation above and below the cloud and for
summation the optical thickness between all lewgtkin cloud. The correction to horizontal cloud
heterogeneity is applied and the new approach wungt albedo retrieval from radiance
measurement is proposed and used in the algorithm.vertical profiles of the volume scattering
and absorption coefficients are presented, whigkals a significant cloud heterogeneity of cloud
optical characteristics over altitude.

FTIR Measurements of CH 4, Total Column at the Peterhof Station
(59.88° N, 29.83° E)

M.V. Makarova (zaits@troll.phys.spbu)riA.V. Poberovsky, S.I. Osipov, H.H. Imhasin,

Yu.M. Timofeyev
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

Methane is the second most important greenhousefghe Earth’s atmosphere. At present
CH, accounted for about 10-15% of all greenhouse géssens from human activities. Methane’s
main anthropogenic sources are as follows: indutgakage from natural gas systems, agriculture,
and waste management activities. Permafrost anbdamethydrates are one of the greatest natural
reservoirs of Chlat high latitudes which could be released as @tregglobal warming processes.

Current study is devoted to GHotal column observations in Peterhof (suburb ain
Petersburg, about 35 km to the west from the megaanter), 59.88N, 29.83 E, 20 m asl.
Ground-based FTIR (Fourier transform IR) measureémbave been carried out by Bruker IFS125
HR instrument at the Dept. of Atmospheric Physi8®i{U) from 2009 [1]. Observations are
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performed under a cloudless sky, or in large enodglud cover breaks. Interferograms are
recorded by an InSb detector for the optical péffiergnces of 180 cm (corresponds to the spectral
resolution of 0.005 ciH). Spectrum registration time including accumulatand averaging of ten
scans is about 12 minutes. Retrievals of CH4 totdbmn in the atmosphere from the FTIR
spectrometry are performed using the standard acdtVBFIT2 v 3.92 [2, 3, 4] designed for the
NDACC (Network for the Detection of Atmospheric Cpasition Change). According to NDACC
recommendations, we have used for retrievals foligwthree microwindows: 2613.7-2615.4,
2835.5-2835.8 and 2921.0-2921.6'dB]. Mean signal-to-noise ratios for these spedtrarvals
are of ~800. HITRAN 2000 [6] is used as a spectopg line parameters database. Random
relative error of single CHtotal column measurement does not exceed 0.3%r(#og to error
matrix calculations realized in the SFIT2). Undit$e atmospheric conditions, daily variations of
total CH, do not usually exceed 1.5%.

We take this opportunity to thank NDACC network feelp and Dr. James Hannigan from the
University of Denver for providing the SFIT2 progrand WACCM data.

These studies were performed using the equipmehedbPbSU Resource center "Geomodel".

This study was done with partial financial supp@mm research grants 11.31.547.2010 and
11.37.28.2011 of Saint-Petersburg State Universigywell as from the grant 12-05-00596 of the Rurssi
Basic Research Foundation.
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Comparison of Ground-Based IR Spectroscopic To tal Column Water Vapor
Measurements and Radiosonde Data

Ya.A. Virolainen (Yana.Virolainen@JV14952.spb.gdd.O. Semenov, Yu.M. Timofeyev,

A.V. Poberovsky
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

Ground-based IR spectroscopic total column watgrovaneasurements with aim Bruker
125HR spectrometer were performed from May 2008/&wch 2012 near Saint-Petersburg. The
measurements were compared with radiosonde data Woeikovo (50 km apart). Spectral
resolution was about 0.005 &minterpretation of spectral data was performecgi$?ROFFIT
program.

During the analyzed period the total column watgpor changed by about an order. Mean
value from IR and radiosonde measurements are alesg — 1.12 and 1.06 g/émMinimal and
maximum values for Petergof and Voeikovo were 0.23188 gém® and 0.166/ 2.97 g’ The
correlation coefficient between two set data i$8,9he mean difference is 11.2%, RMS difference
— 24.1%, standard deviation — 9.51%. After exclgdaxtreme deviation (more than 40%) caused
by atmosphere nonstationarity and horizontal inhgendy the difference decreases significantly.

These studies were performed using the equipmehedbPbSU Resource center "Geomodel".

The work was partly supported by St. PetersburteSdaiversity (research grants 11.31.547.2010 and
11.37.28.2011) and by Russian foundation for basiearch (grant 12-05-00596).
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Numerical Simulation of Solar Light Reflection by a Vertical Wall of a
Snowpack

0.V. Nikolaevd (nika@kiam.r)), A.A. Kokhanovsky
IM.V. Keldysh Institute of Applied Mathematics RASliusskaya sq., 125047 Moscow, Russia
?nstitute of Environmental Physics, Bremen Univgr€D. Hahn Allee 1, D-28334 Bremen, Germany

The information on the snow microphysical parangetard snow pollution is obtained from
the near infrared (NIR) measurements (in the spexange 865-1240 nm) of intensity of solar light
reflected from flat snow layers. The retrieval altfon is based upon enhancement of light
absorption by larger ice grains. However only upp®w layers (up to 5cm or so in depth) can be
observed via this method due to high absorption.aVoid this problem recently measurements
along the vertical snow walls are used to retrevew properties of deeper layers.

Mathematical model to simulate reflection of sdight by a vertical wall is presented. It is
based upon the 2D transport equation and takesastount real conditions of measurements in a
wide pit covered with a sheer film from above taert direcrt solar ligh into diffusive. The
numerical technique treats the forward-peaked phasgion for both aerosole and snow with high
accuracy. Simulation results for homogeneous snokgand snowpacks with the inserted cleaner
or more dirty layer are presented. Influence afserted layer on reflected light intensity is stlide
It is shown the 1D transport equation can not bedu® modelling such experiments even for
homogeneous snowpacks.

The Constructive Theory of the Characteristic Equation of the Radiative
Transfer Theory for a Case of Arbitrary Phas e Function

N.N. Rogovtsov (rogovtsov@bntu.py
Belarusian National Technical University, 65 Neaawiosty ave., 220013 Minsk, Belarus

For the first time the characteristic equation esponding to the azimuth-averaged scattering
phase function was formulated by V.A. Ambartsumianl941. Basic results on the qualitative
mathematical theory of the characteristic equatiand reduced characteristic equations
corresponding to the scalar radiative transfer eguaSRTE) under the assumption of square-
integrable phase function and the phase-out otdimsideration of the continuous spectrum SRTE
were presented by M.V. Maslennikov in his monogrfighn 1968. The sufficient conditions under
which the discrete spectra of the characteristicagns for SRTE are finite or infinite sets were
stated by D.H. Sattinger [2], I.A. Fel'dman I.A, @, T.A. Germogenova and D.A. Shulaya [5]. In
addition T.A. Germogenova and D.A. Shulaya [5] ahd\. Germogenova [6] developed the
gualitative mathematical theory of a characterigiiuations for SRTE taking into account the
discrete and continuous spectra for such equatndsassuming different assumptions about the
classes to which the phase function belong. Monetheegeneral formal solutions of homogeneous
and heterogeneous characteristic equations for SRAreé obtained in these papers. It should be
emphasized that the completeness theorems whictharundation of Case’s method [7] were
proved by T.A. Germogenova and D.A. Shulaya tooerlimportant results in the qualitative
mathematical theory of the characteristic equafiorihe vector radiative transfer equation (VRTE)
were obtained by T.A.Germogenova and N.V.Konovalg8], T.A. Germogenova,
N.V. Konovalov and M.G. Kuz 'mina [9] and N.V. Koralev [10].

The characteristic equations of radiative trandfeory (RTT) is one of the basic equations of
this theory and properties of their solutions large extent determine the properties of solutmins
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various boundary-value problems for SRTE and VRIFEstudying the radiation transfer in real
turbid media, which are often characterized by v@amyplex phase functions and normalized phase
matrices, in a number of practically important cagas impossible to obtain the correct solutions
of the above boundary-value problems on the bdstheoqualitative mathematical theory of the
characteristic equations and the standard numemeghods used in RTT. In particular, cases of
highly anisotropic phase functions, which requile tuse of thousands of members in their
expansions in Legendre polynomials for their cdrigescription, and are these kind of situation
mentioned above. The reason for this state ofjthires partly in an incomplete account of all the
main constructive features of the fundamental egaatof RTT. For effective and correct solutions
of the characteristic equations and boundary-vptoblems of RTT it should be taken into account
as much as possible the structure of these eqgagioth problems and as well as used theoretical
constructs that are adequate to the propertieomwipater arithmetic. The constructive theory of
characteristic equations for SRTE developed in [2],almost fully satisfies to such requirements.
In these works the use of constructive proceduites/@d one not only to obtain the main results of
the qualitative mathematical theory of characterisuations for SRTE, but to construct analytical
solutions of these equations for arbitrary phasetions. There were also given the application of
this constructive theory to the determination of tleflection function for a semi-infinite turbid
medium. The use of this theory and the generalrianee relations reduction method (GIRRM) (a
general summary and applications of this methocewaren in [13]) allows us to solve boundary-
value problems RTT for turbid media of complex ¢gufations.

Further investigation showed that on the basidhefresults of [11, 12] one can obtain even
more simple in form and in substance effective @il and numerical results, which are almost
completely reduces the solution of the characterexjuations for SRTE to the calculation of the
same type of infinite continued fractions and asged Legendre functions normalized in some
way. It should be noted that the calculation osth&actions and the expansion coefficients of the
required solutions in associated Legendre functiamslves only the use of two-term recurrence
relations. We especially emphasize that the usthede recursions allow one to correctly and
efficiently obtain numerical values for the reqdirguantities in the case of arbitrary single
scattering albedo and almost arbitrary phase foanctOne of the most important results of the
constructive theory developed here is the presentaf the required solutions of the characteristic
equation in the form of a sum of series uniformbyeergent on the unit sphere and in the form of
known functions that are directly expressed in teaithe phase function.

In the report the main statements of the new versid the constructive theory of

characteristic equations for SRTE and the inforamatin its possible application will be presented.
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Using of the General Invariance Relations Red uction Method for
Obtaining the Radiative Field Characteristics for the Case of Plane-Parallel
Media

N.N. Rogovtsov (rogovtsov@bntu.py
Belarusian National Technical University, 65 Neaawiosty ave., 220013 Minsk, Belarus

The general invariance relations reduction metl®dRRM), which was proposed in [1-6],
and the essence of which was explained in detd,iB], is one of the universal common methods
of radiative transfer theory (RTT). It can be effeely used for solving boundary-value problems
of radiative transfer equation for the cases ofaalimarbitrary phase functions and scattering,
absorbing media of different configurations. Underonfiguration is meant a form of the medium
and the geometry of the radiation sources. On #sé&slof GIRRM the most meaningful results can
be obtained when the turbid medium has a canoifieral. Such media, in particular, include
dispersion medium, which have the shape of infjrs&mi-infinite and finite plane-parallel layers, a
sphere, an infinite circular cylinder, a disk, riegupolyhedrons and spheroids. However the
substantially deepest information of radiativedieharacteristics can be obtained using GIRRM in
the case of any phase function and turbid media @lane-parallel configuration. This report
describes the constructive scheme of using GIRRMotge various boundary-value problems for
RTE when the phase function is almost no restnestidn particular, we can effectively solve this
kind of problem, when for the correct presentatiba phase function it is necessary to use several
thousand members in its expansion in Legendre patyals.

As an illustration to the above, we present adfgbroblems that have been solved or can be
solved with the help of GIRRM. Firstly, the exactalyytic expressions for the volume Green
function for the RTE in the case of an infinite m@aparallel macroscopically homogeneous
dispersion medium is obtained. Secondly the coaratytical and numerical algorithms for finding
the surface Green function for the RTE and theectitbn function for the case of a plane semi-
infinite macroscopically homogeneous dispersion iomadthat is not limited by an underlying
surface are carried out. Thirdly, the correct amedy algorithm for finding the volume Green
function for the RTE for the same semi-infinite mad. Fourthly, the efficient algorithm allowing
to take into account the presence of the underlguréace (with an arbitrary reflection law), which
limits the semi-infinite dispersion medium is rigasly substantiated. Fifthly, the algorithm for
finding the reflection and transmission functions & macroscopically homogeneous turbid layer of
any optical thickness is proposed. Sixthly, the twmalm asymptotics for the reflection and
transmission functions of optically thick layesingle scattering albedo should belong to the half-
interval (0, 1]) are obtained. Seventhly, the aorgrocedure for finding the volume Green function
for the RTE when conservative or not conservatisagtering plane-parallel layer has any optical
thickness is carried out.

It should be emphasized that on the basis GIRRM aare obtain the basic relations and
equations of invariant embedding method, evenHercase of dispersion media, which do not have
a plane-parallel, spherical or cylindrical symmethy particular, in [9] for a boundary -value
problem for RTE for the case of inhomogeneous turtylindrical medium exposed to unidirected
infinitely narrow beam of radiation was reducedthe solution of the Cauchy problem. Using
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GIRRM, in a number of situations one can alsacedhe non-linear boundary value problems for

integro-differential equations to the solution loé tCauchy problem (see, eg., [10]).
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The New Method to Find the Small Angle Appr oximation to the Transport
Equation under Peak-Forward Phase Functions

L.P. Bas$ (bass@kiam.ry)0.V. Nikolaevd, A.l. Grachev3 V.S. Kuznetsov
!Keldysh Institute of Applied Mathematics RAS, 4siskaya sq., 125047 Moscow, Russia
’National Research Nuclear University “MEPhI”, 31 Klairskoye sh., 115409 Moscow, Russia

3NRC «Kurchatov Institute», 1 Ak. Kurchatova pl.3182 Moscow, Russia

The small angle (SA) technique is often used taiobthe approximation to the transport
equation solution in high peak-forward scatteringdm illuminated by a monodirectional beam.
SA approximation takes into account scatteringh&f source radiation at small angles only. It
presents the singular component of the solutioncaamdbe considered as simple approximation to
the solution being sought. The rest regular compbdepends weakly on angles and can be found
with no great computational expenses. For instamcearse angular mesh can be used.

The new method to obtain SA approximation to tlamgport equation solution in a slab is
presented. The method is based upon mesh appraxmtthe transport equation and does not
include a analytical solutions. The numerical ressbly some refining angular meshs for the slab
with the Heney-Greenstein phase function with asgtnyparameterg = 0.85 andg = 0.93 are
given. They correspond to the phase functions efctbuds and sea water. One shows preliminary
calculation of the SA approximation permits to fitite regular component on coarse angular
meshes and reduce full calculation time.

Specific Features of Different Types of Time- Dependent Diffusion Models
Employed for the Radiation Transport Descripti  on in Scattering Media

S.A. Dolgushin (dolgushin.sergey@gmail.go8.A. Titenok, S.A. Tereshchenko
National Research University of Electronic Techigyglod Proezd 4806, 1244985 Moscow-Zelenograd, Russi

The interaction of pulsed laser radiation with s&r@tg matter can be generally described by
the time-dependent radiative transfer equation (RTEe radiative transfer means the combination
of two different independent physical processes$ toaresponds to the radiation absorption and
scattering. The initial optical characteristicse(tabsorption coefficient and the scattering phase
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function) are to be determined from this initialeigro-differential RTE. However, RTE can not be
solved analytically in its initial form due to itomplexity, so there are commonly used various
approximations in order to simplify the RTE by soradditional assumptions. The diffusion

approximation is the most widely used today. Thiatively simple approximation converts RTE to

the time-dependent diffusion equation and the ahitiptical characteristics are replaced by the
absorption coefficient and reduced scattering ociefit.

In the present work three various time-dependefftision models (classical, refined and
extrapolated) of the radiative transport are ingaséd in the case of the scattering slab geometry.
The general limitations of the diffusion approximat and the particular drawbacks of each
diffusion model are outlined. Employing these med#ie absorption and reduced scattering
coefficients of the homogeneous scattering meditendatermined in the case of the transmission
geometry. The scattering phantoms were made frotervigid solutions. These coefficients are
determined from experimental temporal distributioofs transmitted photons at different slab
thickness (from 10 to 110 mm) with original fittipgocedure. The specific nonlinear dependencies
of the scattering and absorption coefficients om ¢kab thickness were obtained for each of the
examined models, although it is physically impolkesilor the same substance. Two separate parts
can be clearly distinguished on the obtained grapihere the first one corresponds to the rapid
decrease of the reduced scattering coefficientratllsslab thickness (dt< 30 mm) and on the
second part of the curve at 40 <1< 90 mm the$eegaare decreasing smoothly (the plateau part).
In general, the observed effect is caused by tbetfat the significant features of the scattering
indicatrix are lost when the diffusion approximatibas been applied to the time-dependent RTE.
This explanation was confirmed by Monte Carlo siatioh, where the similar dependencies were
obtained. Nevertheless, the existed diffusion nmoaeluld be successfully employed within the
plateau part of the respective curves of absormimh scattering coefficients where the determined
values are supposed to be close enough to thetes Thus, novel models are strongly required
which take into account the scattering indicatrpedfic features more adequately in order to
improve the accuracy of the determined valuesaherperiments.

On the Use of Method of Synthetic Iterations in Problems of Atmospheric
Optics

V.P. Budak (BudakVP@mpei.ry A.A. Kokhanovsk$, O.V. ShagaloV

'National Research University «MPEI», Russia, 14dfiekazarmennaya, 111250 Moscow, Russia
2University Bremen, Germany, D-28359, Otto Hahn@lte

For the solution of the radiative transfer equat{(®&TE) by any numerical method the
scattering integral is replaced by a finite sume Piysical basis of the radiative transfer theery i
the ray approximation that inevitably generateguliarities in the radiance angular distribution and
makes it impossible to replace the integral witle sum. Therefore, singularities should be
eliminated though approximately, but necessarilglyically. This allows us to reformulate the
boundary value problem for the smooth solution k&gpart with the residual of the solution
anisotropic part as the source function. RTE fer $blution regular part allows the discretization.
The resulting discrete RTE for the homogeneous sateduced to a two-point boundary value
problem of the system of the ordinary differenggliations. This system has an analytic solution as
a matrix expression in the form of scatterers #wgiresses the radiation emitted from the slab
through the incident radiation and the source foncof the residuals of the solution anisotropic
part.

All matrix operations today are standardized andinuped for a specific processor.
Therefore, it is possible only one implementatiéthe algorithm in principle. Differences between
the various programs associated with various methaidthe approximate elimination of the
solution anisotropic part. It can be shown thatlibst way to eliminate the anisotropic part is dase
on the analysis of the angular spectrum of thearam distribution (expansion in spherical
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harmonics): slow monotonic decrease in the indethefspectrum — small-angle modification of
spherical harmonics method (MSH). This approach MD€an significantly reduce the number of
ordinatesN and azimuthal harmonidd due to the accurate elimination of the solutiors@tnopic
part. This provides for the specified algorithm fastest count rate at the same accuracy.

This approach has an average convergence in pédwerangular distribution of the regular part is
close to isotropic, but saves all the angular tetdithe phase function. For the radiance angular
distribution is characteristic the ratio that isie@lent to the Nyquist theorem. Therefore, the
convergence of all methods of the anisotropic elmination is about the same for the small errors
in the uniform metric.

The modern signal processing algorithms of remetesiag from space require the accuracy
better than 1% in the uniform metric and the corapon time should be not more than 1 second on
a standard PC for a single wavelength. As one em) sumerical methods at the traditional
approach do not allow it to achieve. However, imtren physics was developed the method of
synthetic iterations (Sl) that can significantlycalerate the convergence of the RTE solutions. At
the Sl the procedure of iteration calculation Makd into two steps. At the first step it is foutte
approximate RTE solution describing the exact oneugh well in the mean-square metric in
power. At the second step the ordinary iteratiothefapproximate solutions is calculated.

The numerical RTE solution by the algorithm MDOMiskes conditions of the first Sl step.
However, a further calculation of the ordinary atgon is difficult, because the form of the
scatterers expression does not give the valueeofatliance field inside the medium. If we use the
obtained solution, the two-point RTE boundary vgbueblem converted into two independent one-
point problems with initial conditions on the uppar lower boundaries of the slab. This allows
finding the field in the medium in the form of sbans of each problem in the form of a linear
combination of exponents on the optical thickndsach solution contains both positive and
negative exponents, making them unstable at tige lslab depth. Selecting the individual solutions
for the up- and downstream, and combining them,cameget a stable solution containing only the
negative exponents. The calculation of the iteratsoreduced to the exponent integration over the
optical thickness. Numerical calculations showedgignificant acceleration of convergence by
almost two orders of magnitude, due to the esdeastilaiction ofN andM.

Numerical Study of Rainbows, Glories, and Coro  nas

Sergey M. Prigarih? (sergeim.prigarin@gmail.comkim B. Bazarov, Ulrich G. Oppel
Ynstitute of Computational Mathematics and MatheoaiGeophysics SB RAS, av. Ak. Lavrentjeva 6, @300
Novosibirsk, Russia
“Novosibirsk State University, 2 Pirogova str., 6300ovosibirsk, Russia
3Ludwig-Maximilian University of Munich, Germany

Phase functions of light scattering in water-dréguds for various distributions of a droplet
size are studied in this paper. Conditions of foignglories, rainbows and coronas are considered.
The hypothesis proposed by A.N. Nevzorov is disedswhich states that a considerable amount of
water in cold clouds can exist in a specific phsisge with refractive index 1.8 (the so-called A-
water). Polarization and angular distributionsiaxestigated numerically for the radiation reflette
by cloud layers with drops of water and hypothétidavater. The multiple light scattering is
simulated by the Monte Carlo method. The numerresults obtained enable one to develop
procedures for the analysis of a microphysicalcstme of clouds and existence of A-water [1]. The
numerical software has been developed in the Ludagimilian University of Munich and in the
Institute of Computational Mathematics and MathecahtGeophysics of Siberian Branch of
Russian Academy of Sciences (Novosibirsk). Thearesewas supported by RFBR (project 12-05-

00169).

1. Prigarin S.M., K.B. Bazarov, U.G. Oppel. Lookifog a glory in A-water clouds. Atmospheric and @cie
Optics, 2012, 25, 4, 256-262.
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An Efficient Code for Transmittance and Radia nce in IR Atmospheric
Windows

V.M. Osipov (v.osipov@list.ry N.F. Borisova
Scientific Research Institute for Optoelectronisttnment Engineering (NIl OEP PLC), Sosnovy Bor,
Leningrad region, 188540, Russia.

A large number of applied problems in atmospheptics is connected with a definition of
optical characteristics of the atmospheric transmde windows. Transmittance and radiance of
atmospheric paths required for the estimation ef glgnal-noise relation on application of IR-
devices in real atmosphere are of prime interest.itAs known, various ways of IR-radiation
extinction are to be taken into account in caléntathe transmittance in IR atmospheric windows.
The molecular absorption and scattering by atmasplgases, the extinction by aerosols, the
absorption in the water vapor continuum and theg®n induced by nitrogen pressure are among
these. The developed (by now) algorithms for caliod the input of these processes in the general
radiation extinction are also well known. At theameatime, the selection or design of the most
effective algorithms, combining the high accuracghwa reasonable calculating speed are still
remain an intricate problem.

A comparative analysis of the contribution of vagdR-radiation extinction to the total error
in determining the slant atmospheric path transmd is made in this paper. That information has
been used in selecting the specific calculatiooraigms of one or another extinction factor. Thus,
the model MTCD2.5 [1] is used to calculate the watapor continuum in all IR-atmospheric
windows. A specially developed procedure is usedestimate the contribution of aerosol
components in the bottom layer. The molecular giignr calculated with the method [2] that
combines a high accuracy with a high speed. Notie, this method allows one to change easily
the spectral resolution in the range from 0.2 cih rmre without evident changes in the calculating
speed. A comparison between the calculated tratesmé and radiance of the atmospheric paths
and the results, obtained from the widely used utalmg methods (line-by-line method [4],

MODTRAN[S]) is presented in the report.
1. http://rtweb.aer.com/Iblrtm_frame.html httpwWeb.aer.com/continuum-code
2. Osipov V.M., Borisova N.F. Method of calculatiohaerosol extinction of radiation in arid zone of
atmosphere. Theses of Int. Sympatrhospheric radiation and dynamic2011, St.-Petersburg, SPbSU, 126—
127.
3. Osipov V.M., Borisova N.F. Adaptive model of anlol absorption - application for calculation ofiedite
transfer of high-temperature sources. AbstractR8f2000, SPbSU, 2000, 139.
. http://spectra.iao.ru
. Kneizys F.X., Abreu L.W., Anderson G.P., efldie MODTRAN 2/3 Report and LOWTRAN 7 Model.
PL/GPOS, Hansom AFB, MA 0173-3010, Contract F198282-0132, 1996, 260 pp.
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The Pulse Characteristics of the Traces "Terr a-Space" in the Presence of
Clouds

V.P. Busygirl, N.G. Busyging Yu.P. Vagif, I.Yu. Kuzmin& (IrKuzmina@bk.ri
!Science-and-Research Center of Special Controlcbles
Open Joint-stock Company “Research-and-Productiorp@ration “Precision Systems and Instruments”,
Moscow

The pulse characteristic (PC) of the tra® is the response of the trace on #hpulse of
source. The PC is the most important concept instationary problems of radiative transfer. Full
time integral of PC is the attenuation coefficientthe radiation. The mathematical convolution
with a source function is the signal generatedhatpoint in space. The function of the upper limit,
referred to the attenuation coefficient, is thedr&ransfer functioR(t).

In this paper the PC was calculated using the MGatdo method for the trace "Terra-Space”
in the presence continuous stratiform clouds inatmosphere. Point isotropic source of optical
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radiation is located between the cloud layer arduihderlying ground surface. The observer is in
the near-space at the zenith angle of sighglative to the source. The main variable paramste
the cloud optical thickness The wavelength range corresponds to the visibtk reear-infrared
part of the spectrum.

The results of calculations show that with the élaser the fraction of photons with low
travel times decreases, and the effective domaied(t) is localized to the increasingly distant
from zero intervals of the time. The modal tinig,¢) of the function](t) is on the increase and for
v = O° equals, respectively, to 118° s forr=5; 310°c — forr=10; 2.310°c — for 7= 60 and
2.810° ¢ — for 7= 100. The increasing of the viewing angléeads to the growth of the modal
time. For example, for = 60 and = 60° the modal time is 2:70° s, i.e. increases by almost 15%.
Dependence of the PC modal time on the opticakti@ss is almost linear, and fo= (° is given
approximately byr= 310 tnee The error of this ratio for the computer modetsrbt go beyond
10%.

The slopek of the transfer functioR(t) in the range of its change from @ P, is in a stable
relationship with an optical thickness. In partaylfor» = 0° this relationship can be expressed as
the inversely proportional function= 2.2310'°k™, where in the slopk = [P(t)—P(t)]/(tt1), the
values of the transfer functid?(t;) = 0.2,P(t;) = 0.4, and corresponding timgsandt; (t, >t;) are
determined by the particular type of functiB(t,7). The error in determining by the slope of the
front of the functionP(t) is within 20%. The established relationship betweand the parameters
of the functionsJ(t) and P(t) suggests the possibility of remote determinatodnthe optical
thickness of clouds from space vehicles.

Model Image of the Pulse Characteristic of t he Light Scattering Medium

Yu.V. PuzanoV, Yu.P. Vagir, N.G. Busygin3 I.Yu. Kuzmind (IrKuzmina@bk.ri
'Open Joint-stock Company “Research-and-Productiorp@ration “Precision Systems and Instruments,
Moscow
?Science-and-Research Center of Special ControlcMesRussia

The pulse characteristic (PC) of the scattering iomedrom the phenomenological reasons
and from results of analysis numerical experimeistsestablished as a logarithmic normal
distribution of the parametar= Insct, wherein ¢ is the scattering index of the mediumis the
light velocity, andt is time. It is showed the “long” signals in the intenscattering medium are
distorted like this distortion of the “short” sigaan the weakly scattering medium. The logarithmic
normal distribution is proof as for directed sour@aser) as for the point isotropic source.
Permissible it is ensured so for sources another ti

The comparison of the numerical calculated PC endhodel shows that the difference of the
results is not more 8% on the level more 0.1 ofimam PC. The maximal difference not more
20% there is on the edges of the logarithmic nbdigribution. It is showed that the half-width of
the PC decreases with the growth of the mediuncalpthickness. This thesis is proofed by the
calculations of the variation factor.

For the practical aim the formulae are given in tiz¢ural shapet =f(a, b, D, oD) (1),
whereint; =t., is the mean time of the PQ; =tneq is the median of the PC, and = tnoq is the
modal time (the time of the PC maximum). Numericalues of the dimensionless factarandb;
for the point isotropic source are given. With gpewth of the medium optical thickness &ll
approaches to each other. It follows from here thatPC to had been symmetric more and more
when the optical thickness growth, to had beenrltgaic normally by this.

As the main conclusion of the investigations is Hmalytical image of the PC by the
logarithmic normal distribution permits to get cestion the parameters of PC with the parameters
of the trace in the forms by eq. (1). From this atpns it is possible to determine the trace
parameters solving the inverse problem.
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The (O$ _2%) Zeeman Effect in Planetary Atmosp heric Microwave Radiative
Transfer Models

Richard Larsson (ric.larsson@gmail.com
University of Technology, Department of Computeei®m®, Electrical and Space Engineering; Rymdcampus
98192 Kiruna, Sweden

Atmospheric satellite microwave sensors (e.g.\ G&lib-Millimeter Radiometer) and ground-
based microwave sensors (e.g.\ Tempera in Berrfuale to retrieve atmospheric parameters from
the radiation they observe, often by method of -liedtetween data and modeled expectations.
Since the Zeeman effect can be safely ignoredrgeigressures and for most species, it is quite
common to not include the effect in line-by-linadigive transfer simulations. However, at low
pressures the Zeeman-splitting of O$_2$ in the omiarve region becomes so large that retrieved
atmospheric parameters can no longer be trustéwutita radiative transfer model that accounts for
this magnetic effect on the signal.

To properly describe the Zeeman effect is theretdréigh importance from a simulators
point of view, in order to facilitate, e.g., tempemre retrievals at high altitudes. Re-usability of
code helps to ease understanding and makes theafjemmek-flow easier on the programmer. The
discussion in the work will therefore focus on thart of the implementation, rather than on the
physics of the Zeeman effect. | discuss how to tunpolarized line-by-line cross-sectional
computations without Zeeman perturbations into Zeemneady software. In the process | will try to
divide the general Implementation into several smeaproblems. The subdivisions will be:
frequency perturbation, relative line-strength,gpialation rotation, line-shape, and input of specia
line parameters.

| describe the implementation of the Zeeman efifedhe open-source and freely available
Atmospheric Radiative Transfer Simulator (ARTS).cAmparison of the implementation with
previous models is then discussed, as well as cosgpa with O$ 2$ data from Odin/SMR at
487 GHz, and with Tempera at 53 GHz. | have fourad ARTS handle line-by-line Zeeman effect
in a satisfactory manner. Since the problem seeefisdescribed for O$_2$, it should also be quite
straightforward for additional molecules and/ornasoto be simulated in the Zeeman module.
However, | am presently lacking good descriptiohtheoretical models for half-spin particles and,
most importantly, data for comparison.

Open Questions and Mathematical Subtleties in Vectorial Radiative
Transfer Theory

Ghislain Franssens (ghislain.franssens@oma.be
Belgian Institute for Space Aeronomy (BISA), Riagl8, 1180 Brussels, Belgium

The transversal polarization of natural light isneoonly represented in the Stokes/Mueller
formalism. Combined with the equation of transtas tleads to the Vectorial Radiative Transfer
Equation (VRTE). The polarization altering effeofsa medium are encoded in this equation by the
4x4 extinction and phase matrices. These matriaae regarded as the infinitesimal generators of
an unknown Mueller matrix for the underlying mediumhich describes the change in Stokes
vector after propagation over a finite distance #ms represents the finite model of the medium.

Currently, we do not know the full mathematicalusture (i.e., the algebra) of these
generators. The reason for this is our incompletewkedge of the full structure of Mueller
matrices. We need to know the mathematical straabfithe extinction and phase matrices for the
following reasons.

(i) To accurately represent a given medium in tf&NZ, based on measurements of its Mueller
matrix.

(i) To understand when the infinitesimal VRTE mbdannot represent a given finite model.
Failure to do so can result in obtaining the wrentytion (even without realizing it).
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(iif) To be able to increase the efficiency of nuroal VRTE algorithms.

The subset of Mueller matrices corresponding tdprecal media form a Lie group.
Subtleties such as (ii) are related to the topolofthis group. It is already known that one of its
subgroups has non-trivial topology. This fact implithat the infinitesimal VRTE is not an
equivalent description of the finite model of a nued. In other words, solving the VRTE for
certain media will produce the wrong finite modelwill be discussed, when and how this arises
and how we can deal with it.

Depolarization Coefficients of Light in Multip  le Scattering Media

E.E. Gorodnichev_(gorodn@theor.mephi.iy)l. Kuzovlev, and D.B. Rogozkin
National Research Nuclear University "MEPhHI", 31dKkérskoe sh., 115409 Moscow, Russia

Information on the depolarization coefficients wfelarly (¢, ) and circularly €.) polarized

light is of great interest to application of potaion techniques for remote sensing of highly
scattering media (aerosols, sea water, biologisaliés etc.). These coefficients govern the depth
dependence of the degree of polarization and arsitse to optical properties of the medium. Of
prime importance is to obtain analytical relatidhat could establish direct interrelation between
the depolarization coefficients of light and theudcteristics of the medium (the phase functioa, th
scattering matrix elements and etc.) [1-3].

In this report, the coefficients of depolarizatioh multiply scattered linearly and circularly
polarized light are calculated. For the model mddiaand aqueous suspensions of polystyrene
particles), the calculations are carried out boitin wumerical solving the vector radiative transfer
equation and analytically, within the polarizatiorode approximation [5]. In the latter case the
depolarization coefficients are explicitly expretse terms of the scatterings() and absorption
coefficients, and the diagonal elements of thetedag matrix of the medium. The range of
applicability of the polarization mode approximatis established. For most practically important
cases, this method is shown to provide a satisfaategree of accuracy. We also calculate the
fundamental coefficients of depolarization of ligint the medium composed of the Rayleigh
particles (for the medium with no absorptien=0.7454, £. =0.852[&'). The obtained values

correct the results [1-3]. The phenomenologicaraggh [1-3] to calculations without resorting to
the vector radiative transfer equation overestimassentially the values of the depolarization
coefficients in the Rayleigh medium (the depolar@alengths prove to be less than the mean free
path).
1. Bicout D., C. Brosseau, A.S. Martinez, and J3dhmitt. Depolarization of multiply scattered wawss

spherical diffusers: Influence of size parame®ys. Rey 1994,E 49, 1767-1770.
. Xu M. and R.R. Alfano. Random walk of polarideght in turbid mediaPhys. Rev. Lett2005,95, 213901.
. Xu M. and R. R. Alfano. Circular polarization mery of light Phys. Rev., 200% 72, 065601(R).
. Deirmendjian DElectromagnetic Scattering of Spherical Polydisfers. Elsevier, New York, 1969.
. Gorodnichev E.E., A.l. Kuzovlev, D.B. Rogozkiviultiple Scattering of Polarized Light in a Turkiidedium.

JETPR, 2007,104, 319.
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Radiative Transfer in Sea Ice

E.P. Zege (eleonor@light.basned.o4.V. Malinka, I.L. Katsev, A.S. Prikhach
B.l. Stepanov Institute of Physics NASB, 68 Pradseimosti, 220072 Minsk, Belarus

Up to melting season arctic sea ice is coverednioyvsas a rule. During the melting season
the part of ice surface is drained and ice fieldagered by small (of several mm) pieces of ice (so
cold white ice). This layer is quite optically tkiand can be considered as a mixture of ice and air
It is analogous to snow but in contrast to snow thayer is characterized by a greater typical grain
size and greater physical density. This layer mlesithe stable high reflectance. In the summer
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melting multi-year ice (MYI) three characteristiabslayers may be distinguished: ‘white ice’
(drained surface), above water and underwater péds ice sheet. Scattering in ice itself is due t
brine and air inclusions, above-water part of ioatains more air inclusions while in-water part is
saturated by water. Drained surface is a part@fsiorface, free of water, which has flown down,
producing melt ponds.

Up to now the only empirical theory of optical pesfles of sea ice has existed. To describe
theoretically optical properties of this medium wee the model of sea ice as the statistically
homogeneous random mixture. Optical characteristicgich a mixture are completely defined by
the length distribution of a random chord. Coupliogthe recently developed version of the
Raleigh-Hans approximation for arbitrary shapeduisions (brines) and optics of a stochastic
mixture ensures description of the optical propsridf sea ice in various situations. This theory
provides optical characteristics of all layers e&sce (the extinction coefficient, single scattgri
albedo and scattering phase function in opticajean

Developed modeling of melt pond reflection is basadhe following suggestions: the melt
ponds depth is much smaller than their width, #oees the sidelong reflection is neglected;
reflection by the pond bottom is described by tlaenbert law. The melt pond reflection includes
Fresnel reflection by the pond surface and retbectf a system water layer + ice bottom, including
multiple reflections between the pond bottom andase with regard to attenuation of light
propagating through a water layer. Thus, the radiaoefficient of light reflected by a melt pond
depends on the directions of illumination and obsgon, on the bottom albedo and on the pond
optical thickness. The analytical formulas for timelt pond reflection were obtained. Thus all
optical characteristics of Arctic summer sea icéjclv makes the input to the radiative transfer
code, are defined.

Softwarelce Reflectance SimulatqiRS) to compute radiation transfer in the Arcite
during the summer time has been developed on the dfathe fast and accurate RT code RAY and
was deployed to study radiative properties of aiicg with regard to its multi-layers compositian,
possible snow cover, melt ponds, waters in polyayakleaks, as well as the ocean water under ice
sheets. Particularly good agreement of this modelvith the field data provided by Dr.
Polashenski and Prof. Perovich (CRREL Lab., USA3 whtained.

BnusHune cdopmMbl neasHOro nnacTUHYaToOro Kpucrtanna Ha noBepeHue
3NeMEeHTOB MaTpuubl paccesiHusi cBeTa Ha NMpuMepe rekcaroHa, yCe4eHHoro
OPOKCTanmna n «HempgeanbHOW» rekcaroHanbHOW NNacTUHKW, Haumbonee
XapakTepHbIX ANs cocTaBa NepUCTbIX OONakoB npu y4vyere
ropu3oHTaNbHOW/MPenMyLLeCTBEHHOU OpUEeHTauuAaX B MPOCTpPaHCTBe

Bbypnamos A.B. (bvaleksey@iao.ju

Hucmumym onmuxu ammocpepol um. B.E. 3yesa CO PAH, nn. ax. B.E. 3yesa 1, Tomck, Poccus

PaccmoTpeHo B3aumojeiicTBUE BHIUMOIO M3JIydeHMss M C Hamboiee XapaKTepHbIMU
reOMETPHUUECKUMH (POpMaMU JIEASHBIX IUIACTHHYATHIX KPUCTAUIMYECKUX YaCTHUI[, KOTOpBIE yalle
BCETO BCTPEYAIOTCS B MEPHCTHIX O0JIaKax, C Y4E€TOM HX TOPH30HTAIBHOW/IPEHMYIECTBCHHON
OpPHEHTAIMsIX B TIPOCTPAHCTBE. BBUIM pPacCMOTPEHBI CIEAYIOUIMEe T'e€OMETpUYECKUe (OPMBI:
TeKCaroH, YCEYCHHBIM IPOKCTAII, "HeWAealbHas TeKcaroHaJbHas IUTacTHHKA. [lokazaHo, 4TO Kak
MH/IMKATPHCa PACCESHUs CBETa, TaK U IOJIAPU3ALIOHHBIC 3JIEMEHTHl MATPULII PAcCesHHs CBETa B
Cllyyae paccesHUsl CBeTa Ha YCEUEHHOM JIPOKCTAJIE 3HAYMTEIbHO OTJIMYAIOTCS OT PAaCCEHUs CBETa
Ha IUIACTMHYATBIX KpHUCTAUIAX C Jpyrom paccMarpuBaeMoW reoMerpuen. B dactHOocTH, B
MH/UKATPUCE CTAHOBUTCSI BO3MOXHBIM HUACHTU(QHUIMPOBATH HOBBIE I'aJI0, HAIIPUMED, rajlo, KOTOPOe
MOJTy4YaeTcs IPH MaJIeHUH CBETa Ha FeKCaroHaJbHYIO TpaHb U Jajiee MPOUCXOAUT B3aUMOJICHCTBHUE C
OJI0M M3 CKOLICHHBIX I'paHeil JeAsHoro kpucramia. Ilpu yriax mageHus BOJIM3M 3€HHMTA JaHHOE
rajo MoxkeT 3akirouath B cebe n0 70-80% paccesnnoii sHeprum. Taxke MpoaHATU3UPOBAHO
MIOBEJICHUE JIEMEHTOB MATPHIIBI PAacCEsHUs CBETA. Y CTAHOBJIEHO, YTO, HECMOTPSI Ha Pa3JIMYHbIE
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reoMeTpuueckue GopMbl KPUCTAIUIOB, HANOOJIbIAS YaCTh PACCESIHHON YHEPTUU U UICHTH(PHUKALINIO
0COOCHHOCTEH B MOBEACHUH IJIEMEHTOB MaTpullsl Miojuiepa cienyeT NpoBOIUTH B rajio, KOTOpble
00pa3yloTCsl TPACKTOPHSMH C HEOOJBIIMM YHCIOM BHYTPEHHHMX CTOJKHOBEHUH C TpaHIMHU
paccMaTpuBaeMbIX KPUCTAILIOB.

Asymptotic Regularities of Phase Scattering Functio n at Light Scattering by
Water Droplets

N.P. Romanov (vernik@typhoon.obninsk.ru)
RPA “Typhoon”, 4 Pobedy Str., 249038 Obninsk, Russi

An analysis of mechanisms responsible for the féionaof a pattern of radiation scattered in
the range of angles from 0 to 188is madefor a sphere with the refraction index mt4/3 by
comparing the phase scattering functions calculaiéd the Mie theory and interference formulae
with the use of the diffractiopy and partial rayp = 0, 1, 2 and 3 of geometric optics (GO). In view
of these refinements it appeared that large-scaidlation regularities of the exact phase scattgri
function at high parameters nfequal to the ratio of a sphere circumference lengthe radiation
wave length corresponded to the interference pattértwo or three rays mentioned above.
Depending on the composition of interference rdl¢ha range of the phase scattering function
angles is subdivided into 6 ranges. The first (ddfion) range is characterized by the prevailing
contribution of ray g the amplitude of which at zero-th angles is préipnal to &+x?). The
interference of this ray with the rags= 0 and 1 gives a pattern qualitatively similatte real one.
For integral characteristics a computation erraghwvhe interference formulae in the range of angles
0—10 does not exceed units of percent for X0 and within the largevalues it tends to zero.

For other regions the relationships for oscillagg@niods are given, from which the tendencies
of oscillation periods over the angl® to zero are the following: according to the laviscd (10—
80° — regionp = 0.1), x*? (80-110° and 165-180° — the regions witk 0.3 and 0.2) and??
(110-129° and 138-165° — rainbow regigrns 3 and 2) is seen. In the range of angles 30a60
effect of rainbows 4 and 5 is found in the formneddulations, typical of these rainbows. In the
above-mentioned regions the span of the interfer@h@ase scattering functions and the oscillation
periodAx at large value ok depends only ofi and does not depend gnNote that an interference
structure is superimposed a resonance structuneperiod~ 1.1/m.

From the analysis it follows that in all the abawentioned regions there are interference
oscillation structures with the periods of seveejrees. From this it follows that minimal rangés o
scattering over a scattering angle should be rotlesn 168, and over the parametetthey should
be divisible by the resonance structure period. gifesent paper describes the results of the phase
scattering function averaging over the chosen parars ofo from 10 to 18 and§ = 0.82 for the
refractive indexm=4/3 given as the approximation dependences>onwith three parameters.
One of these parameters is equal to an average wvéline phase scattering function in GO. A set
of these coefficients is given in the form of aléalit covers the angles from 10 to 2&thd makes
it possible to calculate for the visible spectruange the drop spectra with the radii over 2
micrometers.

Self- and Foreign Water Vapor Continuum Absor ption Coefficient in the
8-12 and 3-5 pm Transmission Windows and Cooling Rates in the MLS
Atmosphere

T.E. Klimeshina (klimeshina@sibmail.con®©.B. Rodimova, and A.V. Kozodoev
V.E. Zuev Institute of Atmospheric Optics SB RA&;ademician Zuev sq., 634021 Tomsk, Russia

The nature of the water vapor continuum absorptias been a widely debated topic in the
last few years. This is mainly due to the fact #raextensive literature on laboratory measurements
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of .self and foreign water vapor continuum absorptin the 8-12 and 3+&im atmospheric
windows [NIST, CAVIAR] has evolved. The accuracytbé data discussed is reasonably high to
allow for comparison with theoretical calculatiofiszen so, the investigations performed thus far
have failed to provide an unambiguous answer tajtlestion as to what fraction of monomer and
dimer absorption is involved in the continuum apson between water vapor bands. In this
connection development of the monomer and dimeorgtien hypotheses may contribute to our
understanding of absorption processes of interest.

According to asymptotic line wing theory elaboratgdour research team, absorption in the
atmospheric windows results from a combined efééc¢ar wings of strong lines of the neighboring
monomer absorption bands. The basic approximatobet used in solving a complete quantum
problem of interaction of absorbing and broadeninglecules is based on the semiclassical
representation method that considers separatelgahters of mass motion regarded later as the
classical motion. Asymptotic evaluation of the timeegral is made for the case of large frequency
detunings. The resulting expression for the linapghincludes parameters of the classical and
guantum intermolecular interaction potentials founoim the comparison of experimental and
calculated absorption coefficients. The asymptatie wing theory states that the description of the
absorption involves all the interactions betweeltiding molecular pairs except those responsible
for the formation of new molecules that, in prifeipcan be interpreted as the absorption by
metastable and “free” pair states.

The calculation results for spectral and tempeeatdependence of the self and foreign
continuum absorption in the 8-12 and 3wb atmospheric windows are presented to show good
agreement with measured values. Expressions fershapes are used to calculate the cooling rates
in the IR region within a 33-layer radiation mod&lcomputer program employs the parallelization
code. Self- and nitrogen-broadening contributiond those from central and line wing parts into
the cooling rates as functions of height are exathin

The work was supported in part by RFBR (GraNts13-05-00382r andNel1-02-93112).

Implementation of the Method of Synthetic Ite  rations in the Solution of
the Radiative Transfer Equation on the Basis of the Two-Stream
Approximation

V.P. Budak (BudakVP@mpei.ry A.A. Kokhanovsk$, O.V. ShagaloV
'National Research University «MPEI», Russia, 14diekazarmennaya, 111250 Moscow, Russia
2University Bremen, Germany, D-28359, Otto Hahndlte

Synthetic iteration (SI) accelerates significantlg convergence of the methods of solving the
radiative transfer equation (RTE). The essenceiigbe division of iteration in two steps. In the
first step one finds an approximate solution thedatibes well enough the solution in power. In the
second step the usual iteration is calculatedajep[1] the RTE solutions was investigated by Sl,
where as a first approximation one took the RTHitsmh by the discrete ordinate method with the
anisotropic part elimination by the small-angle rfiodtion of spherical harmonics method (MSH).
The advantage of MSH is a fairly accurate calcafatf the solution anisotropic part that results in
close to the isotropic angular distribution of tfagliance. It allows hoping for the possibility of
using two-stream approximation for finding the apgmate RTE solution at the first step.

The two-stream approximation is based on the view the radiance angular distribution is in
shaped close to isotropic. This approach is simitatthe discrete ordinate method with two
ordinates only, but with different weights, whicte @&alculated so as to satisfy the normalization of
the phase function already for two streams. Thelltiag system of two ordinary differential
equations with the MSH residual as the source fondbas an analytical solution in the matrix
form.

The implementation of the method and numerical tatons shows that the algorithm
allows calculating the radiance angular distribmtvaith an accuracy of less than 1%, significantly
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exceeding the calculations speed of all the othEmne. accuracy is reduced for the sighting angles
close to the sliding angle reaching 5%. It seerasttie decrease of accuracy is not an obstacle for
the use of the algorithm for the interpretationtioé remote sensing data, since sliding sighting
angles are not used. MSH and the two-stream appedian allow the simple analytical solution
for the arbitrary medium geometry. This opens up plossibility of transition to the solution of

transfer problems for the turbid medium volume riteary geometry.
1. Budak V.P., Kokhanovsky A.A., Shagalov O.V. @e tise of method of synthetic iterations in protderh
atmospheric optics. In this Proceedings.

The Mathematical Model of Daylight Sky Lumina nce Distribution

V.P. Budak, P.A. Smirnov
!National Research University «MPEl», Russia, 14df@kazarmennaya, 111250 Moscow, Russia

We propose a new approach in daylighting calcutatibased on the realistic modeling of
radiative transfer in atmosphere [1]. That couldréached by using the new model of radiative
transfer in turbid medium slab with abstractioranfsotropic scattering. This model appeared to be
sufficiently fast and exact, because of the eféecapproach in calculation methods of anisotropic
and smooth parts of the luminance angular distiobutAnd so its application could be supposed in
daylighting design calculations. The main advardagee seen not only in completion with
standards, but in creating a realistic picturehef lighting scene in the given time and environment
conditions. This model gives opportunities to pcedihe sky luminance distribution for the given
physical parameters of atmosphere. Slabs strdidits® the real scattering indicatrix and their
models can be taken into account. For daylightiatgudations we approach to modeling real
situations. Thus became the transition from catmra of relative lighting parameters (such as
daylight factor), to absolute ones, like luminaaeel illuminance distributions in the given scene.
This, in turn, opens possibilities of principallewm analysis of daylighting. We can take into
account, estimate and see the distribution of ilnghtparameters based on calculations in the
environment with natural lighting sources of then%imd atmosphere.

We have analyzed the new model in the point ofiegibn in daylighting design calculations
in rooms. For this purpose the standard sky lungeadistribution models of International
Commission on lllumination (CIE) [2] have been appmated. The combination of the models of
Rayleigh and Henyey-Greenstein scattering phasgtitmwas included in the model of radiative
transfer. The approximation was based not on tmenoon methods of mean deviation or mean
square root deviation, but on the sum of the meamation (by modules of deviations) and module
of maximum deviation. Thus the minimum in the pomth the maximum deviation and also
minimum in other deviations could be reached, amfiases become one nearer to another. We
have achieved good results in the approximationstfe clear sky models (the deviations sum
below 15%).

We have created the MATLAB program for calculatdaylight factor distribution in rooms.
There were used models of the CIE standard skytlendadiative transfer model in turbid medium
slab. These sky models also were created in thetdagpe 3.2. lighting calculation program for 3D
scenes. A strong influence of sky luminance distidn on the illuminance in the room was
identified in comparison of the results. The analghows the relevance of the application of this

model for the daylight calculations.
1. Budak V.P., Korkin S.V. On the solution of a ter@l radiative transfer equation in an arbitréee-
dimensional turbid medium with anisotropic scattgriJourn. Quant. Spectr. Rad. Transfer, 2008, 220—
234.
2.1S0 15469:2004 (E) / CIE S 011/ E:2003. Spdiatribution of Daylight - CIE Standard GeneralySk

66



SESSION 4. "RADIATION-CLOUD AND RADIATION-AEROSOL | NTERACTIONS"

Chairman: Prof. G.I. Gorchakov (IFA RAS, Moscow)
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Aerosol Radiative Characteristics During Smoke Mist in Siberia

S.M. Sakerin (sms@iaourl.V. Bedareva, T.B. Zhuravleva, D.M. Kabanov,

[.M. Nasrtdinov, Yu.S. Turchinovich
V.E. Zuev Institute of Atmospheric Optics SB RA&;addemician Zuev sq., 634021 Tomsk, Russia

Forests from massive forest and peat fires, in tewidito volcanic eruptions, influence
substantially the radiation regime and ecologid¢atesof large regions for duration of up to 1-2
months. The situations with anomalous smoke migiuropean part of Russia in 2002 and 2010 are
best elucidated in the scientific literature. Treport addresses the characteristics of smoke mist,
which was observed in Siberia during summer of 2012

The photometric measurements in the region of To(A&lademgorodok and “Background”
observatory) have been conducted in year-roundnegvith the use of SP and CE 318 sun
photometers (AERONET; http://aeronet.gsfc.nasa.goM)e observation results are used to
determine: the aerosol optical depth (AOD) and tmogs content of the atmosphere, as well as
(under the clear-sky conditions) the single scateralbedo (SSA) and asymmetry factor of
scattering phase function (AFSPF) of aerosol. T latter characteristics were retrieved applying
the standard AERONET approach [1] and using thgiral algorithms [2]. The aerosol radiative
characteristics were analyzed employing the measemes of direct, diffuse, and total solar
radiation, performed using MS-802 pyranometer ar@t$3 pyrheliometer.

The data obtained indicate that the smoke situstspanned the period from mid-June to
early August. Two waves of the highest smoke tuties] with AOD larger than 3-5, were
observed in early and late July, with the monthigrage value exceeding 1 (for comparison, the
multiyear average AOD in July is 0.16). AOD devihtmost strongly from the background
conditions in UV spectral range; and in the relathalue, AOD increased nearly identically, i.e., by
a factor of 7-9, across the entire spectral range.

The aerosol AFSPF and SSA retrievals, performeagudifferent methods, are discussed; we
compare the average characteristics under backdgroamditions, in July 2012, and during separate
smoke situations. Based on the data obtained, weept the estimates of the aerosol radiative
forcing, and compare the fluxes of direct, totald aiffuse solar radiation during smoke mist
against average data under the conditions usu#héaregion of Tomsk.

This work was supported by the collaborative projetc Siberian Branch of Russian Academy of
Sciences no. 25, project no. 4.5 of the prograrhasic research of the Presidium of Russian Acadafmy

Sciences, and State contract no. 8325.
1. Dubovik O.T., M. King. A flexible inversion algithm for retrieval aerosol optical properties fr&un and
sky radiance measuremenisGeophys. Res2000,105, D16, 20673—-20696.
2. Bedareva T.V., Sviridenkov M.A., Zhuravleva TRetrieval of aerosol optical and microphysical
characteristics from ground-based spectral measmenof direct and diffuse solar radiation. Part 1.
Algoritm testing.Atm. Oceanic Opti¢2012,25, 7, 602—612 [in Russian].

Optical-Microphysical Properties of Smoke Haze from Siberian Forest Fires
in Summer 2012

V.S. Kozlov (vkozlov@iao.r)y E.P. Yausheva, S.A. Terpugova, and M.V. Panahenk
V.E. Zuev Institute of Atmospheric Optics SB RA&;ademician Zuev sq., 634021 Tomsk, Russia

The interest to study of the influence exerted imolses from Siberian forest fires on the
dynamics of aerosol composition of the atmosphea dimate changes in Arctic has increased
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drastically in the recent years. A stable anticygeldas formed in the Siberian region in summer
2012 under conditions of the flat high-pressuradgnat, and extensive forest fires occurred due to
long-term hot weather.

In June-August 2012, we conducted the round-the-clock nreasents of the directed aerosol
scattering coefficient of the dry content of pdetigs (45°) (Mm™sr?) (FAN nephelometer) and the
mass concentration of black carbtic (Lg/nT) (MDA aethalometer) at the Aerosol Station of IAO
SB RAS and Fonovaya (Background) observatory (fazese 70 km to the west from Tomsk).
The patrticle size distributions in the size rang8-P0 um was measured with a GRIMM
Model 1.108 photoelectric particle counter. Theadabtained have allowed us to determine the
mass concentration of submicron aeraal(ugit’), relative content of black carbon in particles
(BC fraction) P = Mpc/M,, single scattering albed@, imaginary part of the refractive index of
particlesy, and total volume of particles with diameters @8-Q.6 pm. Angular and polarization
components of scattered radiation in the visiblecsgl region at three wavelengths were measured
by another FAN spectronephelometer-polarimeter.s&éhdata were used to estimate the size
spectrum and refractive index of submicron parsid¢leough solution of the inverse problem. The
dependence of the directed aerosol scatteringicmeff at an angle of 45n the relative humidity
RH of air was recorded at artificial humidificatiah particles, and the parameter of condensation
activity was determined.

Four episodes of smoke haze outbreak were obsémveadmmer 2012: June 4July 7, July
15-22, July 2529 and August 44. The highest smoke level of air was observedubn J7. The
achieved mass concentrations of submicron aerdsbb@6.6 pg/m (three times higher than the
maximum permissible level) and black carbon of 38T many times exceeded the background
summer levels. The air smoke level was comparaiile tve smoke haze from peat-forest fires in
the Moscow Region in summer 2010. The black carfrantion P in smoke haze was low
(1.5-2%), that is, smoke particles were slightly absaogbiThe imaginary part of the complex
refractive index of particles determined by theerof the volume mixing of black carbon with
nonabsorbing aerosol substance with regard forvelee of P was low: y<0.02. The single
scattering albedo in the visible spectral regiosnmkes was highl0.95-0.98. This fact indicates
that smokes of forest fires behave as a coolingfae the radiative-climatic effect.

As the smoke haze becomes denser, the volume doatoem of particles increases all over
the size spectrum as compared to the backgrouedl [Elve increase is the largest (by 100 and more
times) in the diameter range 6016 um. From the results of solution of the invgpseblem, the
volume size distribution of smoke particles wasrabgerized by the narrow medium-disperse
fraction with a mean diameter of 6@L5 um and refractive indeX 1.4-1.5. Under background
summer conditions, the mean value of the modal éiamof particles is 0-.3 um, that is,
particles in smokes become larger. The degreeneétipolarization of the radiation scattered at an
angle of 90° in smoke haze was usually negative dewteased down te 0.1, whereas under
background conditions it is most often equal t0o—-0.8. The condensation activity of smoke
particles appeared to be low: the parameter of @asation activity varied within 0.05-0.1.

The linear correlations between of the black caréod aerosol concentrations, total volume
of submicron particles, and the coefficient of diesl scattering at an angle of°4& the smoke
haze were increased as compared to the backgroonditions. The correlation coefficients
achieved the high level of 0.90.99. This counts in favor of applicability of tkengle-parameter
model of atmospheric hazes for the smoke haze.

This work was supported in part by the Russian Batian for Basic Research (Grants Nos. 12-05-
00395 and 11-05-93119-NCNIL_a).
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Influence of Large-Scale Forest Fires on Aero sol Characteristics of Lower
Atmosphere

O.A. Tomshin (otomshin@ikfia.ysnyuw.S. Solovyev
Yu.G. Shafer Institute of Cosmophysical Researdhfaronomy SB RAS; 31 Lenin ave, 677980 YakutskjaRu

Large-scale forest fires in central Yakutia in 2008re studied on remote sensing data of
MODIS/Terra and AVHRR/NOAA and data of meteoroladicstations. Spatial-temporal
distribution of aerosol optical thickness (AOT) aaerosol index (Al) are analyzed. The forward
trajectories of aerosol plumes movement were caledl There were two main movement
directions of biomass burning products: north- aondth-east. However, in some cases, aerosol
plumes moved north-west to distances up to 3000 km.

Total emissions of COin the atmosphere were 68-171 Mt (0.9-2.4% of aloBO,
emissions from fires); CO — 3.5-9.7 Mt (0.9-2.5%H, — 0.13-0.52 Mt (0.6—2.4%). The amount
of CO, emissions compared to global annual volcanic eariss

Empirical Model of the Vertical Profiles of Aerosol Optical Parameters in
the Troposphere of West Siberia Taking into account Light Absorption and
Hygroscopic Properties

T.B. Zhuravleva (ztb@iao.juM.V. Panchenko (pmv@iaoyw.S. Kozlov, V.V. Polkin,

S.A. Terpugova, T.V. Bedareva
V.E. Zuev Institute of Atmospheric Optics SB RA&;ademician Zuev sq., 634021 Tomsk, Russia

The approach we develop to radiative calculatiossigys empirical models of optical
properties of tropospheric aerosol in West Siberidiscussed. The empirical model of the aerosol
optical characteristics in the 5 km high layer loé tatmosphere, based on the data of long-term
airborne sensing of the vertical profiles of aeloscattering and absorption parameters, is
presented. The model provides retrieval of the edeskt of parameters for calculation of the
optical characteristics and short-wave radiativddet. The input parameters of the model are the
mean values of the angular scattering coefficipatticle size distribution function, concentration
of the absorbing substance (“soot”), parameterooflensation activity and relative humidity of air
at different heights for different seasons, typaiofmass, and time of day. Statistical reliabibfy
the experimental data is confirmed by comparisorthef synoptic features and meteorological
parameters with the data of long-term observatiorthe West Siberian region. At the first stage,
the empirical model of the aerosol scattering patans in the lower 5-km high layer of the
atmosphere of West Siberia was created [1]. Aptlesent stage of developing the model, the data
array of monthly airborne sensing (1997-2012) waduded, that enabled us to estimate the
imaginary part of the complex refractive index dre tbasis of the experimental data on the
concentration of absorbing particles [2].

Aerosol was modeled as a sum of submicron and edagnormal fractions at zero relative
humidity. Parameters of the fractions (median rdaglf-widths of the distributions and volume
concentrations) were selected so that the totab@tf fractions) angular scattering coefficientes
angle of 48 and wavelength of 0.51m matched the experimental mean value at this heiggher
corresponding conditions (season, type of air ntass, of the day).

Taking into account the experimental data on sigridution of soot particles [3], we
assumed the basic hypothesis that 90% of the ahgosubstance is located in the submicron
fraction, and 10% is in the coarse fraction. Rew amaginary parts of the refractive index were
estimated using the “mixture rule”. Then the obgdirparameters of the fractions (median radii,
volume concentrations, refractive indices) wereal@dated to the respective value of relative
humidity (its seasonal mean values were takengusia seasonal mean parameter of condensation
activity at each height. At the final stage, thatsring matrix, single scattering albedo and a#ros
optical thickness for different seasons were caled. Good agreement (within 5%) of the seasonal
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mean values of the columnar single scattering allzed asymmetry factor of the scattering phase
function obtained with the presented model and dhginal techniques for solving the inverse
problem based on the AERONET data in Tomsk is oeser
The work was supported in part by Department ofhesecience of the Russian Academy of sciences
(project No. 12.2) and RFBR (graMt 12—05—00395).
1. Panchenko, M.V., Terpugova, S.A., and Pol'kin/ \Empirical model of the aerosol optical propestin the
troposphere over West Siberfm. Oceanic Opti¢sl998,11, 532-539.
2. Kozlov, V.S., Shmargunov, V.P., and Panchenkd/.Nbeasonal variability of the vertical profilek o
absorption parameters of submicron aerosol inrtosphereAtm. Oceanic Optic2009,22, 635—-642.
3. Kozlov, V.S., Shmargunov, V.P., Panchenko, Makd Kozlov A.S. Size distribution of the mass
concentration of black carbon in submicron neamgtbaerosol as assessed from the data of diffusiboff
and aethalometeAtmospheric and Ocean Optics. Atmospheric PhyXi¢tll International Symposium
Tomsk, IAO SB RAS, 2012, 1 CD-ROM, 179-182.

Simulation of Vertical Profiles of Solar Radi  ative Fluxes in the Clear-Sky
Atmosphere Taking into Account the Regional F  eatures of the Western
Siberia

T.B. Zhuravleva (ztb@iao.ruM.V. Panchenko (pmv@iao.ru)

V.E. Zuev Institute of Atmospheric Optics SB RA&;ademician Zuev sq., 634021 Tomsk, Russia

The aerosol models (OPAC, WCP, etc.) had long llieeronly complete source of data on
the wavelength variations (0.244n) and vertical profiles of the radiatively sigodint optical
characteristics of aerosol, namely, the extinctoefficient, the albedo, and the scattering phase
function. However, the coarse spatio-temporal tdgwi, characteristic for these models, may be
the reason for the inaccuracy in the estimatefhi®fradiation effects for specific aerosol types or
climatic zones (regions). The uncertainty of thedel@stimates of the radiative effect is reduced by
refining both the proper radiation codes and themex of input parameters.

The report presents the calculations of broadbanes$ of solar radiation with the use of the
empirical model of the vertical profiles of the agul optical characteristics in the altitude ranfe
0-5 km for the Western Siberia [1]. The empiricaldal was created on the basis of aircraft studies
of vertical profile of the angular scattering coa#nts and disperse composition of atmospheric
aerosol, as well as on the basis of real measurtsnoérihe content of absorbing particles, which
made it possible to estimate the imaginary pathefrefractive index. The broadband fluxes in the
molecular-aerosol plane-parallel atmosphere weleuleded using the algorithms of the Monte
Carlo method, developed earlier. The transmissimetion was calculated using the k-distribution
method (HITRAN2008) on the basis of regional maafethe profiles of temperature, pressure, and
water vapor taking into account the absorption Ibytanospheric gases, the information on which
is presented in the AFGL meteorological model. To®l columnar moisture content and the
aerosol optical depth corresponded to the multige@rage values, observed during summer and
winter periods in Tomsk. The total carbon dioxigmtent in the atmosphere was 380 ppm. The
surface albedo was specified using the measureroétiie MODIS satellite scanner for the region
of Tomsk.

The used empirical model correctly describes thesa¢ optical characteristics (extinction
coefficient, single scattering albedo (SSA), anginawetry factor (AF) of the scattering phase
function) in the spectral interval (0.44-0,8T). We discuss how these data can be used for the
radiation calculations in a wider (0.2g#) wavelength range. The effects of the verticalateons
in the extinction coefficient, SSA, and AF upon tkelar radiative fluxes at the different
atmospheric levels are estimated. It is shown tireder mean summer conditions, the neglect of the
stratification of the optical characteristics cause more than 3-5 W/nlifference in the diffuse
radiative fluxes at the top and bottom of the atphese; however, the flux difference may reach
several tens of W/Mmat other atmospheric levels within the troposph®e compared the solar
radiative fluxes, calculated taking into accoung geasonal variations (winter, summer) in the
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optical characteristics of aerosol, atmosphericstooe content, and other atmospheric parameters,
surface albedo, and illumination conditions.
This work was supported by the Department of E&thences, Russian Academy of Sciences
(program 12.2) and Agreement 8325 with the Ministinfeducation and Science.
1. Pachenko M.V., Kozlov V.S., Polkin V.V., et Rletrieval of optical characteristics of the troposgpc aerosol
in West Siberia on the basis of generalized engdiritodel taking into account absorption and hygop&c
properties of particlef\tm. Oceanic Opt2012,25, 01, 46-54.

Retrieval of Radiative and Microphysical Param eters of the Atmospheric
Aerosol from the Data of Three-Wavelength Int  egrating Nephelometer

M.A. SviridenkoV (misv@mail.r), A.S. Emilenkd, S.S. Vlasenky E.Yu. Neboskd
!A.M. Obukhov Institute of Atmospheric Physics, RASyzhevsky per., 119017 Moscow, Russia
%Saint-Petersburg State University, Physics Facultyllyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

The single scattering albedo and asymmetry fadttimeoscattering phase function are among
the most significant radiative characteristics loé atmospheric aerosol. Their retrieval from the
observational data needs the solution of ill-posesiersion problems and simultaneous
measurements of several optical parameters. Aptbgent time, the integrating nephelometer TSI
3563, capable of measuring the scattering coefficand its component due to scattering in a
backward hemisphere at three wavelengths — 450, &fsD 700 nm is widely used for these
purposes along with other instruments. The ratidoofvard to backward scattering is closely
related to the asymmetry factor, and comparisothefscattering coefficient with independently
determined absorption (or extinction) coefficierakas it possible to estimate the single scattering
albedo. However, the nephelometric data requireection due, in particular, to the limited to 7—
170° integration range. This problem was considered in [1, 2]. It was proposed to use the
relation between the Angstrom exponent and cooredtctor as one of the ways to solve it.

In the present paper, the possibility to retrielre aerosol microstructure directly from six
parameters measured by integrating nephelometanay/zed, and a new approach to the data
correction is suggested. Numerical simulations witimodal aerosol models showed that
microstructure of the fine fraction can be reliabdyrieved from the data on the scattering intgnsit
integrated over 7-170° and 90-170° at three wagtden So, in cases when fine fraction is
predominant in scattering, the microphysical exdfafpon is applicable in assessment of the
scattering coefficients. In general, the more pobge approach was found to be based on the
statistics of the size spectra retrieved in a wpdeticle size range (the data from Zvenigorod
AERONET site were used). The scattering coeffigearid measured by nephelometer parameters
were recalculated for these size distributions.nThg means of multiple regression technique,
relations between measured and retrievable paraesnstge constructed. This approach provides a
standard deviation of about 1%. Results of measemé&nwith nepehelometer, operating in the
St. Petersburg State University since the fall @12 and solving the inverse problem are also
presented in the paper.

This work was supported in part by RFBR (Project0530956) and carried out with using the
equipment of the Geo Environmental Research CéGwomodel” of SPbSU.

1. Anderson T. L., et al. Performance charactesgif a high-sensitivity, three-wavelength, total

scatter/backscatter nephelomefeAtmos. Ocean. Technol996,13, 967—986.

2. Anderson T.L., Ogren J.A. Determining aerosdiative properties using the TSI 3563 integrating
nephelometerAerosol Sci. Techngl1998,29, 57-69.
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On the Spectral Polarization of the Radiation Flux as a Global
Characterization of Air Pollution and Radiativ e Forcing of Earth's Climate

B.A. Fomin, T.A. Sushkevich (tamaras@keldysh.B&1A. Strelkov, S.V. Maksakova,
V.A. Falaleeva, V.P. Shari
M.V. Keldysh Institute of Applied Mathematics RASliusskaya sq., 125047 Moscow, Russia

The present report focuses on the application ethleory of the polarized radiation in space
projects aimed at research climate system. Theipaten state of the Earth's radiation is the most
informative indicator of air pollution: the degred polarization in terms of pure molecular
atmosphere of the order of 70-80%, and with theosaér pollution is reduced to 2-12%.
Throughout the '90s layer of tropospheric aeroswisaverage decreased significantly, i.e. the
atmosphere of our planet has become more trangpdiréhis result is true, it means that global
warming is caused not only by the greenhouse effadt kind and tropospheric aerosols — is a
slurry containing black carbon, such as soot, dbsonlight, warming the atmosphere.

Currently, one of the pressing problems of remetesmg is the study of aerosols — the most
uncertain factor in the radiative forcing of thexwte. A particularly acute problem of their studie
of the structure and the most effective approacpolarimetry — a method of research on the
characteristics of aerosols scattered sunlight.

In work spherical models of spectral radiation #axwith polarization are formulated and
their information content as a radiative forcin@uccteristic is studied.

These studies are supported by the Russian Furiglafsic Research (Projects No. 11-01-00021, 12-
01-00009) and Russian Academy of Sciences (PrhjecOMN-3(3.5)).

Transfer Process Investigation in Windsand Flu x: New Results

G.l. Gorchakov (gengor@ifaran.fy A.V. KarpoV, V.M. Kopeikin', D.V. BuntoV,
G.A. KurbatoV
!A.M. Obukhov Institute of Atmospheric Physics, RASyzhevsky per., 119017 Moscow, Russia
“Moscow State University of Instrument Making arférimation, Moscow, Russia
3M.V. Lomonosov Moscow State University, PhysicsiFad_eninskie Gory, 119992 Moscow, Russia

Windsand flux mineral aerosol elevated from thearhyhg surface in the atmosphere can
influence greatly on the radiative regime of then@tphere. Therefore transfer processes into
windsand flux needs to study thronghly to estinditaracteristics of the mineral aerosol generated
on the surface. The subject under discussion isdbelts of studying the mineral aerosol lift-off
from the desertified areas and attendant procgssesliarities. It is known the saltation is the
crucial factor into the windsand flux. The saltatstudy using high-speed video-recording [1] was
shown that the availability of the quasiperiodiciaon of height on the sandy surface provides
initiation of the resonant saltation.

Very high electrization of the windsand flux hasebeinvestigated [2, 3]. Statistical
characteristics of the electric current variatiorese calculated. Due to the necessity of accounting
the windsand flux electrization during the saltatiestimates of a specific charge of sand grai@s ar
received taking into account the sign charge vianatit has been shown that the aerosol particle
concentration fluctuations correlate with the sailtasend concentration variations.

Inverse problem of the saltating sand grain dynarhas been solved [1] using the high-speed
video-recording data in the windsand flux. The rafethe mineral aerosol lift-off from the
underlying surface over desertified area was detsn

This work was supported in part by RFBR (pr. No0B231105).
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sand trajectories over desertified arégts. and Oceanic Optic2012,25, 6, 501-506 (in Russian).
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Long-term Variations of Soot and Submicrometer Aerosol Content in the
Regions with Different Anthropogenic Aerosol L oading

A.S. Emilenkd (emilas@list.r), G.l. Gorchakol, M.A. SviridenkoV, A.A. IsakoV,

K.S. VericheV, Wang Gengchérwgc@mail.iap.ac.dn Wang Pucai
!A.M. Obukhov Institute of Atmospheric Physics, RASyzhevsky per., 119017 Moscow, Russia
?|nstitute of Atmospheric Physics, CAS, Beijing,n@hi

The analysis of temporal and spatial variability tbé submicrometer aerosol and Black
Carbon (BC) in regions of the cities of Moscow, jBgj and the North Caucasus was carried out.
One of the main objectives of the work is the stngyof the long-term time-series of the aerosol
constituents in the atmosphere to assess the déelckground air pollution in the region and the
influence of anthropogenic sources of pollutiontio& characteristics of the urban atmosphere. Last
20 years, the rapid economic growth in Chine haslted in extremely urbanized population due to
the accretion of adjacent to Beijing agglomeratidviescow is also waiting for further expanding
agglomeration, the first phase of which consista gignificant increase in Moscow’s territory. In
the region of the North Caucasus an actual fusiottne resort towns of Kislovodsk, Yessentuki,
Pyatigorsk, Zheleznovodsk and Mineral nyye Vodyusoed.

The features of trends of the near-ground fine s®rooncentrations in these regions are
discussed. The results of synchronous measurermémisliuting admixtures in the surface layer
and in the atmospheric column are summarized. Talyae the characteristics of the spatial
distribution of the aerosol characteristics, datenf the satellite instrument MODIS, in conjunction
with ground-based data, including that from AERON®EStwork were used. Important to identify
the contribution of cities is the ability to usestdata from scientific stations located in regional
background points: Kislovodsk High-Mountain Reska$tation and Zvenigorod Scientific Station
of A.M.Obuhov IAP RAS and Xinglong observatory d¢fet Chinese Academy of Sciences. All
measurements were performed by a uniform technithexefore it is possible to consider the
comparison of the results of measurements in @ifferegions as correct. Despite the significant
difference in the fine aerosol and BC content injiBg compared with Caucasian resorts and
Moscow, these differences are mainly due to sigaifily higher number concentration of particles
at similar ranges of the variations of effectivetigées radii. Moreover, for all the regions with
increasing fine aerosol concentration, the refvactndex and the relative content of BC in the
aerosol decrease. This fact indicates a predomgnaoic coagulation and heterogeneous
condensation in the processes of the aerosol tnanafion.

Measurements in all cities confirmed the regiortedracter of aerosol pollution — there is a
significant correlation between quantitative ch#gestics of both BC and fine aerosol components
in the cities and at background stations. Howespatial BC concentration inhomogeneity in all
regions is considerably higher than for submicrerosol. In Kislovodsk in the winter time there is
no significant correlation between the concentrabbaerosol at the surface and in the atmospheric
column. In Beijing and Moscow, high levels of contration in the surface layer in the majority of

cases correspond to high values of the aerosaladutepth.
This work was supported by RFBR under Projects3-30168-GFEN, 11-05-00305, 13-05-00956.

Estimation of Columnar Mineral Dust, Organic and Inorganic Carbon
Volume Content under the Conditions of the W  estern Siberia

T.V. Bedareva_(btv@iao.ruY.B. Zhuravleva, V.S. Kozlov
V.E. Zuev Institute of Atmospheric Optics SB RA&;ademician Zuev sq., 634021 Tomsk, Russia

Mineral dust and carbon-containing atmosphericiglagt are the key light absorbing aerosols
in the Earth’s atmosphere. The complete understgndif their volume content and mass
concentration is required for improving the estiesaand predicting the radiation-climatic effects of
aerosol. To date, the main part of this informat®maccumulated on the basis of the methods for

73



the physical-chemical analysis in the local voluaewell as on the basis of direct measurements in
the near-ground atmospheric layer. The continuoositoring of the troposphere by means of
aircraft sensing is expensive; therefore, the datthe vertical distribution of aerosol characterss

are obtained only for separate regions around tbkeegand pertain to time-limited observation
periods. First steps toward estimating the masscerdration of elemental carbon during
continuous-mode sensing of the total atmosphenxthdéfom the Earth’s surface (by example of
AERONET data) were undertaken in work [1].

In this work, a modified Schuster’'s approach [1usged to estimate the volume content of
aerosol chemical components like mineral dust, mogand inorganic carbon according to data of
passive remote sensing from the ground. The inprarpeters for estimating the desired
characteristics are the aerosol optical depthytiheme concentration of aerosol particles, and the
spectral values of the single scattering albedocamaplex refractive index in the total atmospheric
column. The density of the estimated componentsthen optical constants are assumed to be a
priori known. The approach is implemented by intrdidg a new aerosol model composed of
mineral dust (DU), organic carbon (BrC) and inoigascarbon (BC) as well as the predominately
scattering components, namely, ammonium sulfatenaatidr. The aerosol medium is approximated
by internal mixture of these particles. The effeetiefractive index of the medium is formed on the
basis of the Maxwell-Garnett effective medium appration. The optimal values of volume
content of the aerosol components are determinedhbyminimum of the optical residual.
Considering that the optical and microphysical ahtaristics of aerosol, which are used as input
parameters, are the result of solution of incormatrse problem, we discuss the results of stuglyin
the sensitivity of the method to retrieval errofghese characteristics, as well as to uncertantie
the a priori information on the optical constarit®t), BrC, and BC.

We present the results of testing the method with tise of the aerosol optical and
microphysical characteristics retrieved by the radtbf Dubovik and King [2] from measurements
at AERONET station in Tomsk under the conditionextreme turbidity of the atmosphere (2012
forest fires) and under the background conditidie obtained estimates of the volume content of
DU, BrC, and BC, as well as the mass concentratidC, are compared with data presented in the
literature for other AERONET sites. We analyze¢beelation of BC mass concentration estimates
with measurements of BC mass concentration in ¢ae-ground atmospheric layer.

The authors thank M.V. Panchenko and S.M. Sakeriproviding the possibility to use the data from
AERONET station in Tomsk.

This work was supported by the project of the Rars$tund for Basic Research No. 12-05-31007-
mol_a and by the program No. 12.2 of the Departroéttie Earth Sciences, Russian Academy of Sciences

1. Schuster G.L., O. Dubovik, B.N. Holben, and Etathiaux. Inferring black carbon content and $fiec

absorption from Aerosol Robotic Network (AERONEEYasol retrievals]. Geophys. Res-Atmp2005,
110, D10S17, doi: 10.1029/2004jd004548.

2. Dubovik O., M. King. A flexible inversion algahim for retrieval of aerosol optical propertiesnfr&un and
sky radiance measuremenisGephys. Res2000,105 D16, 20673-20696.

Assessment of Influence of the Aerosol of the Atmospheric Surface Layer
on Results of Aerosol Optical Depth Measureme nts over the City
Yekaterinburg

A.P. Luzhetckayh(ann@ecko.uran.juV.A. Poddubnyi, D.M. Kabano¥, K.M. FirsoV’,

E.V. BobroV’
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2V.E. Zuev Institute of Atmospheric Optics SB RA&;ablemician Zuev sq., 634021 Tomsk, Russia
3Volgograd State University, 100 Universitetsky 0062 Volgograd, Russia

Results of pair measurements of the aerosol optiepth (AOD) of the atmosphere in the
Middle Urals obtained from sun photometers duri®@d@®-2012 in urban zone and background
region, including measurements at different heiginésanalyzed. The background point is in forest
area 65 km away the city Yekaterinburg on a platfof Kourovka Astronomical Observatory. The
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measurements were made by sun photometer of CiE@l&used in the Aerosol Robotic Network
(AERONET (http://aeronet.fsfc.nasa.gov)). The urpbamt is located in the central part of the city
Yekaterinburg on a platform of Institute of IndustrEcology of the Urals Branch of Russian
Academy of Sciences. Measurements were carrietyonteans of sun photometer of the SP-9.

Comparative analysis of hourly average values ofsaé optical depth has shown that values
of AOD measured in urban zone are mainly highathefcorresponding values in the background
region. Relative changes of AOD in urban and bamkgd regions are made of 60-90% for
different wavelengths and seasons of year. BeskleB in the two regions are statistically
significant.

Results of AOT measurements at different heightéopeed during summer 2012 in city
Yekaterinburg are presented as well. The measutsmesde by the portable sun photometer SPM-
2008 and SPM-2011 at different heightsu and 186v over earth level. Statistically significant
distinction of AOD at different heights was revehl@ange from 0.01 to 0.07 for different
wavelengths). Thus, the received results show tiatincreased value of AOD over the large
industrial city is caused by the higher contena@fosol in a surface layer of the atmosphere.

Authors thank to Y.l .Markelov (Institute of Indusi Ecology UB RAS), S.M. Sakerin, M.V.
Panchenko (V. E. Zuev Institute of Atmospheric Gpt%6B RAS), S.A. Beresnev, S.Y.Gorda, (Ural Federal
University), B.Holben, A.Smirnov (GSFC/NASA).

This work was supported by the program of basieasshes of the Urals Branch of Russian Academy
of Sciences, the projedt 12-C—2-1017.

The Retrieval of Aerosol Complex Refractive I ndex and Extinction
Coefficient Contribution Analyses in Urban Cit y of China

Min Zhang, Zhenlei Cui, Hua Zhang (huazhang@cmaamet al.
Laboratory for Climate Studies, National Climaten@s, China Meteorological, Administration 46, Zigon
Guan Cun South Street, Haidian District, Beijindd081, China

The aerosol complex refractive index is one of st fundamental optical parameter and
can directly affect scattering and absorption ottersstics of aerosol. However the aerosol
complex refractive index is difficult to be meadirdirectly. In this paper the aerosol complex
refractive index is retrieved by taking use of therenz-Mie scattering theory and with
observational data of aerosol number concentrafimms 0.2 um to 32 um, the aerosol scattering
and absorption coefficients in the urban city Tiargf China. The retrieved equivalent complex
refractive index of aerosol at O0.pBn in Tianjin is 1.649-0.0257i in this work. Durintpe
observational period, the averaged extinction dciefit is 0.465 krit and scattering coefficient,
absorption coefficient and NGabsorption contributed it by 85.7%, 9.2% and 2.t8spectively.
We calculated the contribution to extinction cogéint by different size aerosols in urban Tianjin
by using the above complex refractive index restite results indicated that aerosol particles
smaller than 0.5 um have the largest contributsdattering coefficient with the value of about
73%, those between 0.5 to 1 um and larger than Jgeount for 15% and 12%, respectively.
Whereas the aerosol particles smaller than 0.5 pmiribute 33% to absorption coefficient, those
between 0.5 to 1 um, between 1 to 10 um and lahger 10 pm account for 8%, 44% and 14%,
respectively.

The Possibility for the Basic Optical and Ra diative Characteristics
Parameterization of Cloud Layers with the Mix ed Phase Structure

A.G. Petrushin_(petrushin-2005@mai).ru
National Research Nuclear University "MEPhHI", IATBbninsk, Russia

Basic optical characteristics of light scatterimga mixed-phase cloud layer (asymmetry
parameter of the scattering phase funcfipsingle-scattering albeds scattering, absorption and
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extinction efficiencies factors and coefficientgy fseparate wavelengths in a range from 0.6 to
12.0 p are considered. At theoretical studyingnioelel of the mixed-phase cloud layer containing
ice crystals and water drops mixed on volume wasd 4]. Calculations of above-mentioned

characteristics for crystal fraction of the mixdebpe cloud layer are spent by means of the
approached methods [2] developed by us earliecdtmulations of characteristics of light scattering

by the particles with the sizes, exceeding lendtla avave of incident radiation, and for drop

fraction of this cloud by a technique received witle of known theory Mie-Lorentz .

On the basis of the calculations detailed paranzetton of the above-mentioned
characteristics depending on average temperatuidoatl layerT, the average sizes of cloudy
particles of various forms and the relation of thencentration was received. Applying separate
experimental data concerning the possible sizeseofparticles and their concentration at some
temperatures, the parameterization of optical charistics of elementary volume of the cloudy
medium in dependence only fromwas defined. Nevertheless the results of calarlatof these
characteristics show the basic possibility of camdion of their statistically reliable
parameterization depending dnonly in the presence of true information about gerature
dependence of the characteristic sizes of partmiesrious fractions and their concentration in a
cloud.

With use of the calculated optical characteristit$he mixed clouds the estimation of their
influence on the basic radiative characteristicsl¢ad layer albedd; and transmission fact@®)
was executed. The specified radiative charactesistiere defined by means of approach delta-
Eddington. The cloud layers with optical thicknésss than 10 and zenith angle of the sun less than
45° were considered. Calculations of basic raddativaracteristics of clouds at optical thickness
less than 10 were executed by us with use of tkeived optical characteristics on a delta-
Eddington approximation [3].

It is shown that at wavelengths more than 6y arl>27 > 250 K the variation of values A
andS an order of 35 % that is connected with possilelgetidence of valugsanda on a variation
of modal radius of the overcooled water drops inrd@rvalr,, = 1-4 p at the fixed temperature of
the mixed-phase cloud. Decreasing of the specdispersion and, accordingly, the obtaining with
a rather high accuracy of parameterization of tadjacharacteristics of cloud layers with known
optical thickness as cloud layer average tempegatunder certain conditions supervision are
possible only at acquisition of reliable experinardata about temperature dependence of the

average sizes of cloudy particles of different gisagnd their concentrations.
1. Petrushin A.G. Scattering and absorption ofagptiadiation in crystal cloud medium. Riysics of Clouds,
L.P. Semenov (Ed), S.Petersburg: Hygrometeoiz@28,1118-149.
2. Petrushin A.G. Main optical characteristicsight scattering by mixed-phase cloutsi., Atm. Oceanic
Physics 2001,37, 1, 149-156.
3. Joseph J.H., Wiskombe W.J. The delta-Eddingpgmaximation for radiative flux transfel. Atm.Scj.1976,
33, 12, 2452-2459.

Ice Water Content Profiles of High-Level Clou ds: Classification, Statistics,
and Radiative Effects

A.G. Feofilov (afeofilo@Imd.polytechnique.friC. Stubenrauch, R. Armante
Ecole Polytechnique, Dynamic Meteorology Laboratétglaiseau Cedex, France.

About 40% of all clouds on Earth are high-leveluds (< 440 hPa), which have a noticeable
effect on the energetic budget of the atmosphertcaily thick clouds reflect the incoming solar
radiation while thinner clouds act as “greenhoulsesf preventing escape of the Earth’s infrared
radiation to space. Accurate modelling of the rindéaproperties of high-level clouds is essential
both for estimating their energetic effects andthar retrieval of bulk microphysical propertiesrfro
infrared observations. It requires knowing the tsratg and absorbing characteristics of cloud
particles, amount of ice in the cloud, and varmatid these parameters if the cloud is extended. In
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this work, we concentrate on vertical distributiminice water content (IWC) in the high-level ice
clouds.

For the analysis, we used a synergy of the actidepassive sounders of the A-Train satellite
constellation. Relatively high spectral resolutiohthe Atmospheric InfraRed Sounder (AIRS)
allows the identification of cirrus clouds and ttegrieval of their physical and bulk microphysical
properties as well as their horizontal extent. yetounders, the CALIPSO lidar and the CloudSat
radar, provide the vertical structure of the cloutle radar-lidar GEOPROF dataset [1] contains the
vertical extent and position of each cloud layeilevthe lIDARraDAR dataset [2] gives the IWC
profiles and effective ice crystal sizes. In aduhtiwe use environmental parameters from ERA
Interim reanalyses.

We have studied IWC vertical distributions for fheriod of 2007—2009 and classified them
in accordance with their profile shape. The analgsiows that a) there are four main types of IWC
vertical distributions; b) profile type mainly dems on the integrated IWC of the cloud (ice water
path); c) there is a weak correlation between @rtvind and dominating profile type.

We discuss an impact of different IWC profiles tve tradiative properties of a cloud layer
and the energetic budget of the atmosphere usimg dalculations performed with the

4A/OP+DISORT radiative transfer code (http://4aopeitis.com/).
1. Mace, G. G., et alGeophys. Res. Let2007,34, L09808, doi:10.1029/2006GL029017,
2. Delané J., and R. J. Hogad, Geophys. Re2010,115(D00H29), doi:10.1029/2009JD012346

Experimental Studies of Cloud Motion Parameter s at Different
Troposphere Altitudes in the Range 8-13 um

V.0O. Fedorov, M.I. Allenov (allenov@typhoon.obningh, A.V. Artyukhov, V.N. Ivanov,

N.N. Novikov, N.D. Tretyakov
Research and Production Association “Typhoon”, HBdy Str., 249038 Obninsk, Russia

The report presents the research results of cldindstion and speed at different altitudes in
the troposphere, obtained with a high-speed higisigeity equipment based on a multi-element
matrices and with automated scanning system fardctgpes parameterization and recognition [1,
2, 3]. Working model was made consisting of a melment matrix, with spherical (convex)
mirror located at its entrance. Threshold sensytiin the range of 8-13 um for radiance~i40
scmi?esr!, for temperature is 0.1 K, the spatial resolution is 10x10 minutesuaf, the frequency
of image capture is 50 frames/s, the resolutioolaiids image is 190x190 pixels. The method and
cloud movement parameters at day and night, wasr@ported in [4].

Here we present the motion parameters of complaxdébrms with multi-layered structure at
day and night, recorded simultaneously at differalitudes in the troposphere by radiation
characteristics (radiation energy and brightnesggzature). It has been experimentally found that
the cloudforms at different altitudes are movingliéfierent speeds and can move both in the same
and in different directions. Also, these movemeok&nge in velocity and have linear and
sometimes nonlinear (vortex) motions. Constantarglanotions and fluctuating motions — in the
form of wave patterns with different frequency dpeof velocity fluctuations — were detected. The
information about the random motion of small-sqalelular) cloudforms is presented. The results
are presented in the form of image frames desgithia continuous movement of clouds, in tabular
and graphical forms with detailed explanations loé trandom motions of small-scale clouds

inhomogeneities.

1. M.I. Allenov, A.V. Artyukhov, V.N. Ivanov, N.DTretyakov.The method for determining the direction and
speed of the cloud he patent for inventioNe 2414728 from 20.03.2011, BuNe 8.

2. Allenov M.I., Ivanov V.N., Tretyakov N.D., Tretikov D.N. Hemispherical scanning radiometestruments
and Experimental TechniqueZ009, 5, 162-163.

3. Allenov M.I. Parameterization of the natural eomments for their recognition. Obninsk, 20110 1.

4. Allenov M.I., Artyukhov A.V., lvanov V.N., et aMethod of determining the clouds movement dicectind
speed by the structure of its own radiation in8k&3 pm rangeMeteorology and Hydrology012, 4, 100—
105.
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On Analytic Representation of Cloud Drop Spec tra

V.G. Erankov (erankov@typhoon.obninsR,rN.P. Romanov
Research and Production Association “Typhoon”, 4Bdy Str., 249038 Obninsk, Russia

Two-parameter Gamma distribution (with parameter@ndry) and three-parameter modified
(with an additional parameter) Gamma distribution (if = 1, the second distribution moves to the
first distribution) are currently the most commonkged in cloud spectra approximations. In
particular, the most popular cloud model, C1, Haes following parametersa =6, y=1. The
adequacy of the real spectra description usingetlasl other well-known distributions is not
currently questioned. On the one hand, this is ttueoor progress in the development of
measurement equipment. On the other hand, cureset bf computer technology allows direct
cloud spectra modeling within cloud physics tasi{s It is noteworthy that modeling of radiation
interaction with clouds requires analytic repreagah of cloud spectra.

Experimental measurements of cloud spectra conducta cloud chamber of RPA Typhoon
using cloud drops meter FIROK showed a qualitatifierence between the measured spectra with
Gamma distributions. It comprised the differencetlie sign of skewnesk,s — negative for
experimental and positive for Gamma distributioreghitivek,s values were observed in fog and
stratus cloud spectra measured by the authorsctieeleof parameters of the modified Gamma
distribution fory > 3 with negative skewness based on experimentaliganot possible because of
huge uncertainties in the relation between parammetandy. Note that they > 3' area is not used
in the literature. To determine other suitable ginzdl expressions for the real spectra, a serfies o
calculation studies using a numerical condensatiodel of cloud spectra formation and evolution,
based on Sedunov monograph [2], has been condudtedstudies confirmed the fact of negative
kas values for calculated spectra as well. The satoatgin was also obtained theoretically [3] when
solving the set of differential equations of drapwth and moisture exchange between the growing
and the evaporating drops during their evolutioa ebnstant temperature.

The studies have shown that, at each of formatmhesolution stages, the calculated spectra
can be described by one of the three analyticatiloigions: modified Gamma with constant
parameter = 3, mirror Gamma and mirror Smirnov. The two legtean be considered preferable
for stationary clouds, as their structure is mavaststent with analytical solutions of Lifshitz and
Slezov. Selection of appropriate parameters skeafidsformed based on the maximum value of the
approximated functions and the position of such imam value, using the relations described
herein. Parameters can be also selected basedamkanation of the maximum value position and
the relative spectrum width. The available expentakcloud spectra are also well approximated by
the above analytical distributions. Selection @& tptimal distribution form can be done based on

the maximum concordance of skewness values.
1. Khain A., M. Ovchinnikov, M. Pinsky, A. PokrowskH. Kruglak, Notes o state-of-the-art numerical
modeling of cloud microphysicatm. Res 55, 3—4, 2000, 159-224.
2. Sedunov Yu.S. Physics of liquid-drop phase faionan the atmosphere. Leningrad: Gidrometeoiztiat,2
(in Russian).
3. Lifshitz .M., V.V. Slyosov. On the kinetics oersaturated solid solution diffusion decZ§TF, 35, 2 (8),
1958, pp. 479-492 (in Russian).

Evaluation of Aerosol Optical Thickness (AOT) Influence on the Insolation
from Direct Ground Observations at the ARG S tation, Kishinev (Moldova)

A.A. Aculinin (akulinin@phys.asm.mdV.P. Smicov
Institute of Applied Physics, Academy of Scien€dsoddova (ASM), Str Academiei 5, Kishinev, MD-2028
Moldova

Data from direct measurements of global solar taiaon a horizontal surface (daily totals
Qq) and daily mean values of aerosol optical thiskneAOT@500> are used to show relationship
between these parameters and to obtain quantiedtu@ates. All measurements were performed at
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the ground-based solar radiation monitoring statibrihe Institute of Applied Physics (IAP) of
ASM, Kishinev (Moldova). Radiometric sensor CM-13D(—-2800 nm) was used to measure global
solar radiation. AOT data at wavelength of 500 A®,T@500, were derived from measurements
of direct solar radiation by using sunphotometen€liCE 318. These measurements of AOT are
carrying out within the framework of the internaisd program AERONET, NASA/GSFC since
1999. More detail information about the ground istgt instrumentation used, measurement
procedures and time series of measured paramatergraphical form is presented at the
Atmospheric Research Group(ARG) site http://argspdeym.md.

The evaluation procedure takes into account thellsameous measurements of global solar
radiation Qq and AOT@500, which were made under cloud-free aphere conditions for the
period from 2004 to 2007. This was done to mininitee effect of clouds on measurement results.
Data from a multiyear observations were groupednipnths. A linear approximation of the
dependence between the amount of daily total dfajleadiationQy (MJ/nf) and daily mean of
<AOT@500> is presented as followds = a + b <AOT@500>, whereg, b) are the approximation
coefficients; for daily totals of global radiatiealueb <0. It was shown that with increasing values
of <AOT@500>, as a parameter describing turbiditthe atmosphere, it was observed a reduction
of insolation on the Earth’s surface.

In the course of period of observation daily mealugs of <AOT@500> ranged from 0.06 to
0.35, depending on the season. For example, irukgpdaily mean values of <AOT@500> ranged
as 0.06 -> 0.16 (case of transparent atmosphérag) corresponded to variation of daily insolation
Qq in the range 13 MJ/m> 10 MJ/nf; in July daily mean values of <AOT@500> range® &6 -
> 0.34 (case of turbid atmosphere) and it corrededrio variation of daily insolatioq in the
range 30 MJ/Mm-> 26 MJ/ni. It should be mentioned that multiyear (1999—20m&Rn value of
AOT@500 at the IAP ASM ground-based station equils~ 0.21. The corresponding
approximation coefficientd [MJ/(m? unit-of-AOT)] for February and July were equal+c-24.4
and — 10.6, respectively. Thus, increasing of tbetrdbution of the aerosol component (as the
growth of AOT@500) in the atmosphere leads todaicgon of incoming global solar radiation on
the Earth's surface, which was observed underltheldree conditions.

The authors express their gratitude to Dr. Brenlbelo, the Head of the AERONET project and to
project team for the provision of sunphotometarcélibration and data processing.

Results of Measurements of Optical and Microp  hysical Characteristics of
Aerosol in the Arctic Region: Spitsbergen -201 2

V.S. KozloV (vkozlov@iao.r), M.V. Panchenkh D.M. Kabanov, S.M. Sakerih D.G. ChernoY;

Yu.S. Turchinovoch A.V. Gubirf, V.F. Radiono%
.E. Zuev Institute of Atmospheric Optics SB RA&;ademician Zuev sq., 634021 Tomsk, Russia
“Arctic and Antarctic Scientific Research InstituBaint Petersburg, Russia

The arctic region is an indicator of global climateanges on the Earth. An important role in
dynamics of radiation balance is played by atmosplaerosol coming to the Arctic through long-
range transport from the continent due to numeamtisropogenic and natural pollution sources. In
the spring and summer seasons of 2012, investgjatothe Institute of Atmospheric Optics SB
RAS and the Arctic and Antarctic Scientific Reséaidostitute have continued the study of
atmospheric aerosol characteristics near the Bsiverd Zonal Hydrometeorological Observatory
(ZHMO) (78.TN, 14.2 E) at the Svalbard archipelago (Spitsbergen).rmrA2011, the following
aerosol characteristics were measured in the atmeospcolumn and in the surface layer: aerosol
optical thickness (AOT) of the atmospheric columm the wavelength range 03214 um,
parametersa and g of the Angstrom’s formula, fine and coarse AOT goments, mass
concentrations of aerosbl (Lgm™>) and black carbonVac (Mg ™), number densityNa (cnm?)
and patrticle size distribution in the range 0.3pg20. The measurements were conducted with the
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measurement system including an SPM portable satopteter and an aerosol station consisting of
MDA three-wavelength aethalometer and GRIMM Mod@&l0OB photoelectric particle counter.

In this paper, we analyze the results of measuramienspring (April 21-June 12) and
summer (July 21-August 28) of 2012, estimate tlas@@al mean values and standard deviations of
the characteristics under study, compare the addagiata with the data of 2011 and literature data,
and discuss peculiarities of the seasonal and &matiability of the parameters.

The whole measurement period of 2012 (spring—sumas characterized by the high
transparency of the atmosphere (low aerosol tugdidiThe mean value of AOT (0.5 um) was
“Tos=0.095 at variations from 0.057 to 0.166. The gabfi the Angstrom indexr characterizing
the selectivity of the spectral dependence of A@The spectral range 04@.87 um varied from
0.8 to 1.48 at the mean valug = 1.25. A characteristic feature of the spectegdehdence in 2012
as compared to 2011 was the longer power-law deereBAOT values up to 2.14 um due to the
higher content of the fine aerosol at the simultarisedecrease of the contribution from coarse
particles. No significant seasonal trend in the m&®T values was observed in 2012 in contrast to
the pronounced tendency of decrease from springutomer (from 0.101 to 0.065) observed in
2011. Year-to-year differences in the seasonalabdiy of AOT can be caused by particular
weather and circulation conditions of every year.

The results of measurements in the surface air laye indicative of the low content of
aerosol and black carbon, which is in agreemerit WiDT estimates from sun photometry data.
The mean values of concentrations and standardhtitavs for the entire measurement period of
2012 (spring-summer) were the following: the mam®sol concentratiohl, = 1.53+ 2.05 pdh>,
number  density Ma =1.53+2.05cn, mass concentraton of black carbon
Mgc = 0.12+ 0.19 pdm>,

An “anomalous” tendency of increase of the mean smasncentrations of aerosol
(1.41-1.93 pgh™>®) and black carbon (0.30.15 pdm™) from spring to summer was observed.
However, the average value Nf decreased three times. This anomalous dynamigesuimably
caused by the increased influence of local souncesummer. The year-to-year variability in
comparison with the data of 2011 showed itself idafly for the both seasons in the increased
concentration of aerosol and the decreased comtemtiof black carbon. For the spring seaddp,
and Np increased 1.5 and 2.4 times as compared with 2@hille Mgc decreased 1.5 times. In
summer, the change was even grediby:increased 2.5 times as compared with 2011, wide
decreased 3 times. Peculiarities of the partide distribution are discussed as well.

The work was supported in part by Project No. 23hef Program of Fundamental research of the
Presidium of RAS.

Spatial and Seasonal Features of the Aerosol Optical Thickness
Distribution over Russia from the Data of Gro und-Based and Satellite
Observations

K.S. Verichev (rockford66@mail.ru), N.Ye. Chubarquatalia.chubarova@gmail.com)
!A.M. Obukhov Institute of Atmospheric Physics, RASyzhevsky per., 119017 Moscow, Russia
’M.V. Lomonosov Moscow State University, Faculi@edgraphy, Leninskie Gory, 119991 Moscow, Russia

Spatial distribution of the monthly mean values a&rosol optical thickness at 550 nm
(AOT550) with a spatial step 1x1° over Russia vwesaved using MODIS satellite data (collection
5.1) for the period from 2000 to 2012. Satelliteirsding of AOT fails over the territories with a
high surface albedo. In such situations we used filam the Russian actinometric network stations
and international AERONET network. They were alssedi for a validation of the satellite
observations over other regions. Due to the spasseof the ground-based networks their data were
averaged through homogeneous climatic regionslli@mposite maps of the monthly averaged
AOT550 distributions over Russia were created, aamg the data of ground-based and satellite
measurements. In conjunction with climate map$efiRl / LDEO, Climate Data Library (maps of
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the average monthly precipitations and of the gdneind direction at 925 hPa for the period 1961-
1990) [2], the main features of the AOT550 spatiatribution were revealed. Peculiarities of intra-
annual variability of AOT550 monthly mean have bedantified in homogeneous climatic regions.
This work was supported by RFBR under Project #3-80956.
1. Remer L.A.et al. The MODIS aerosol algorithmpgarcts, and validation. Journ. Atm. Sci., Spec&it®n,
April 2005, 947-973.
2. http://iridl.Ideo.columbia.edu/

The Analysis of the Inter-Annual Variability o f Fogs in European Airports

Olga Gudoshnikova (guggopo@gmail.com)
A.V. Voeikov Main Geophysical Observatory, 7 KaneysStr., 194021 Saint-Petersburg, Russia

The presence of aerosols in the environment renamajor problem in meteorology due to
the fact that it is necessary to confront the negagffects on health, on the radiation balance, on
the Earth's surface temperature. The main elemehti atmosphere, which absorbs Earth radiation
and sends a counter-radiation, is water vapor. Waigor provides the strongest positive feedback.
In the presence of aerosol absorption of radiatimre is a direct "pumping” of energy in the
atmosphere. Thus "anti-greenhouse" effect appétoaever, since the absorbing aerosol is an
infrared radiator, at the same time it should tplece the opposite effect — the increase in the
greenhouse effect of the atmosphere. The assessiheffects of the interaction of tropospheric
aerosols with solar radiation is a complex probtdrthe theory of radiation transfer.

Radiation fog is formed by radiation cooling of tharth's surface at cloudless nights as a
result the surface air layer is cooling. It is tgdifor regions with continental climate. Radiatiog
is also formed in the centers of areas with higkspure, which is characterized by light winds and
clear skies. In a relatively stable air, radiatiog, arisen in the evening or at night, can holdthe
entire day.

The purpose of this study is to establish interuahrchanges in the number of fogs in 5
European airports. To make an assessment of sfaltistends in the observing changes in the
radiation climate during the current global warmisgice 1988) in comparison with the previous
(15-30-year) period. To make assessment findingsitaihe change in cloudiness in these areas
based on the characteristics of indirect. In thierkwis used published historical data of
meteorological observations over the period froa8l® 2012. According to climate scientists, one
of the foggiest cities in the world is Rio de Jaoet on average during a year there are 164 days
with fogs. Second place is the capital of EcuaQuito — 92 foggy days a year. It is followed with
a big difference by Helsinki — 60 days, BuchareSb-days, London — 46 days, 44 days in Berlin,
in St. Petersburg and Moscow the number of foggys dauring a year for about 30, in Rome — 23
days. In Stockholm, the fog can be observed 13 daysyear and, for example, in Dublin and
Reykjavik only 5—-7 days. For this study populaparts of Europe — Helsinki, London, Kishinev,
Rimini and St. Petersburg — have been selectedsfiluy of inter-annual variations in the number
of fogs in Europe identified the tendency towats increase in the number of fogs for the last 10
years.

Chemical Composition and Hygroscopic Properties of Aerosol Particles
from Siberian Boreal Area

S.Yu. Vasileva (alfodka@rambler.ru3.N. Mironov, T.l. Rushkevich, S.S.Vlasenko,

E.F. Mikhailov
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

Organic aerosols (OA) along with the elemental carfEC) and ions strongly contribute to
direct and indirect aerosol effects on climate. dabrforests in Eurasia are a major source of
primary organic aerosols (POA) directly emittednfrthe surface to the atmosphere and secondary
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organic aerosols (SOA) formed from gaseous precsiiadhe atmosphere. In order to evaluate and
understand the influence of aerosols on climatagéan the Artic and Northern Eurasia, long-term
observations of the OC, EC and ion content of a#sas the boreal zone are needed.

In this work we present continuous measurementa #pril 2010 to June 2012 conducted at
Zotino Tall Tower Observatory in Central SiberidO(ETO, 60° N, 89° E), Russia. The quartz fiber
filters were analyzed for organic and elementabeoarby thermal-optical instrument (SunSet lab.).
The Nuclepore filters were analyzed for ions by @momatography (Dionex, ICS-1100). With
help from high time resolution CO and light absmnptresults and HYSPLIT back trajectories
calculations, the filter samples were separat@itsoee and non-episode samples.

The aerosols chemical composition were clearlyedifit between episode and non-episode
samples, and between winter and other three seaBoasinter episodes associated with elevated
concentrations for most of species were usuallgteedl to anthropogenic pollution, the air masses
during such episodes had passed over the centrati&i region around Omsk and Novosibirsk — a
heavily industrialized area. During spring and,fallnumber of samples exhibited high K+, and
oxalate levels, indicating an impact from biomassnng. In addition a notable episode with
extreme high Na, Cl, and Mg were observed for Hraes collected between 20 to 24 December
2010, which may result from long range transporsed salt. In the aerosol chemical mass closure
calculations, six aerosol types were consideredafic matter (OM) contributed by far the most to
the PM mass; it accounted for about 60-70% of thexagge PM mass. Followed by Secondary
Inorganic Aerosols species (3MH,, and NQ), more than 30% of PM mass. OM contribution to
PM mass was lower in winter than that in the otheze seasons, while EC, Ammonium and Nitrite
show higher contribution in winter. The mean PM sa#iribution to the different aerosol types
Zotto during non-episodes periods were similathmse for the 2007 campaign at the forested site
of Hyytidla, Finland. EC and Nitrate were more imtpat and Ammonium was clearly less
important at Zotto, though.

Key issues are the hygroscopic growth of boreads®particles and their activation as cloud
condensation nuclei (CCN). Water soluble organib@a compounds typically account for ~ 50%
or more of total OC [1] but their impact on aerosaiter uptake and cloud formation are not fully
characterized. In this study the mass-based hygpigty measurements under sub-saturated
conditions at 5-99% RH [2] were used to characte@N and hygroscopic properties of the
boreal aerosols. It was shown that aerosol wattakeps basically controlled by concentration of
inorganic ions in the particles.

This work was supported by St. Petersburg stateddsity under grant 11.38.650.2013 and Russian
Foundation for Basic Research, under grant 12-@200

1. Timonen H. Water-soluble organic carbon in urdarosol: concentrations, size distributions andrdaution

to particulate matter. Finnish Meteorological Ihgg, Contributions No. 89, FMI-CONT-89, 2011, 76p.

2. Mikhailov E., S. Vlasenko, D. Rose and U. Posktass-based hygroscopicity parameter interactiodeh
and measurement of atmospheric aerosol water updkes. Chem. Phys., 2013, 13, 717-740.

Photophoretic Interaction  of Aerosol Particles in the Earth’s Atmosphere
and Its Effect on Coagulation

A.V. Kushnarenko, A.A. Cheremisin (aacheremisin @itjic@m)
Siberian Federal University, 79 Svobodny Pr., 66D84asnoyarsk, Russia

A computational experiment demonstrated a new fariminteraction between aerosol
particles absorbing solar radiation—a photophorgtteraction [1]. Interaction is of gas-kinetic
nature and can be classified as photophoretic phena. Photophoretic forces were calculated on
the basis of a free molecular flow regime approxiamand a previously developed Monte Carlo
algorithm [2]. Under the effect of light, the tematire of particles changes from the temperature
of ambient gas and, under the effect of other gadiin the gas medium, upsets the uniformity of
accommodation of molecular energy and momentum twersurface of these particles to bring
forth forces affecting the particles. The photoghtiarinteraction depends on a particles’ altitude i
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the Earth's atmosphere (atmospheric pressure)pdheles sizes and a distance between them.
Calculations showed that when submicron partidies are soot-like in their optical properties are
radiated with solar light, considerable repulsiwgcés arising between them are by orders of
magnitude higher than gravity, and these forcesedse approximately as the inverse square of the
distance between the particles.

Due to the fact that the distance dependence ofophoretic interaction force is of the
Coulomb type, we can use the analogy with the mstidtic interaction and evaluate the effect of
photophoretic interaction on coagulation of aergsoticles. A solution to the problem of Brownian
coagulation for like-charged aerosol particleshef same sizes is well-known [3]. Using this result
we calculated the ratio of the coagulation constamth and without photophoretic interaction
taken into account. The calculations showed thapérticles in the stratosphere with radius less
than 0.05 um, the photophoretic interaction infkeeon coagulation constant is unimportant. With
particles size growth the photophoretic interacticas shown to decrease the coagulation constant
of submicron particles strongly absorbing radiation orders of magnitude compared to the
constant in darkness, at an intensity of radiagiqual to solar light intensity. The significantesdft
of photophoretic interaction on coagulation hasnbeemonstrated. The ratio of coagulation
constants varies slightly up to 75 km.

This study is supported by grant 13-05-01086the Russian Foundation for Basic Research

1. Cheremisin, A., Kushnarenko, A. An estimatiorphbtophoretic interaction of aerosol particleshia

stratosphereAtm. Oceanic Opti¢2010,23, 6, 475-479 (in Russian)

2. Cheremisin A.A. Transfer matrices and solutibthe heat-mass transfer problem for aerosol dsstea

rarefied gas medium by the Monte Carlo meth®as. J. Numer. Anal. Math. Modelling (RINAME(10,
25, 3, 209-233.
3. Fuchs, NThe Mechanics of Aerosolsondon: Pergamon Press, 1964.

Cloud Optical Parameters from Radiative Experim  ents Accomplished in
USSR (LGU) and USA (NASA) in Different Geogr aphical Regions

Irina Melnikova (irina.melnikova@pobox.spbu fuJefwa M. Genya Charles K. GateBe
'Russian State University, 98 Malookhtinsky prinSRetersburg Poccus
’NASA, Goddard Space Flight Center, Mail Code 61Gr2enbelt, MD 20771, USA

Results of retrieving optical parameters of clotrd@sphere from airborne data are compared.
Airborne experiments are taken in Goddard SpacghfliCenter during last two decades.
Measurement of the diffuse solar radiance in eggigctral channels (0.340; 0.381; 0.472; 0.682;
0.870; 1.035; 1.219; 1.248n) at viewing zenith angles from® Gill 180° in 1° interval are
accomplished above the Atlantic Ocean close to M@esth Africa coast. The approach and
algorithms of NASA data processing is in the présston at section 2. Spectral semispherical solar
irradiance in the spectral diapason 0.35—-@®6in 0.002um interval has been measured in the end
of the last century in different geographical sitesranges of international complex programs:
GATE (tropical latitudes), CAENEX (mid-latitude$)OLEX (polar latitudes).

Results of cloud optics inverse problem (retrievygical parameters of extended clouds
from different observations shows the single sdatjealbedo is not variable at different latitudes,
but volume scattering and absorption coefficieméssagnificantly changeable from Polar regions to
Tropics. Obtained parameters (the ground albeddicadpthickness, single scattering albedo,
volume scattering and absorption coefficients) mlevthe cloud optical model for estimation
radiative divergence, heating rate and water canten
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Measurements of Soot and Submicronic Aerosol Content Near-Water in
the Atmospheric in the Northern and Southern Hemispheres

V.M. Kopeikin® (kopeikin@ifaran.ryy A.Yu. Artamonov, A.N. Novigatsky
!A.M. Obukhov Institute of Atmospheric Physics, FBASyzhevsky per., 119017 Moscow, Russia
ZShirshov Institute of Oceanology RAS, Nakhimovekspect 36, 117997 Moscow, Russia

Results of measurements of soot concentration alpihisron aerosol in the near-water layer
in the two Russian Antarctic expeditions (55th &itth cruises "Akademik Fedorov") from
November 4, 2009 to February 18, 2010 and Noveniler2011 on February 16, 2012 are
presented. Measurements were carried out from e&ersburg, across the Atlantic to Antarctica,
then the Southern Ocean along the coast and omahéack from Antarctica to Cape Town.

In the northern hemisphere, the soot concentratimmg the 55th and 57th cruises is 80—
810 ng/ni and 120-760 ng/maccordingly. From 20° north latitude to the equam the average
received 410 ng/fhand 360 ng/m3, and in the South Atlantic — an ayer150 ng/thin both
expeditions. In the Southern Ocean variations ef shot concentration 10-180 ng/mnd on
average 75 ng/m During the measurement, parked near the statiogréss in cruise 57th were
received the lowest levels of soot and submicrorosmé: 6-84 ng/rh and 0.4-0.8 mg/fn
accordingly. The analysis of the variability of teeot concentration and submicron aerosol from
the directions of the air mass arrive has beenethout. It is shown that the increase in the soot
concentrations and submicron aerosol is connect#d the arrival of air masses from the
continents and on the contrary there is a decrgatige concentrations in the air masses coming
from remote areas of the ocean.

Expedition 59th "Akademik Mstislav Keldysh" in tWghite, Barents and Kara seas carried
out September 12—October 7, 2011. In backgrounidmegf the soot concentration varied in the
range 10-470 ng/inLow levels of soot on the 2 sections of the raattéhe northern latitude 73—
75° in the Kara Sea is an average of 23 Agfuh 32 ng/m and an average — 115 nd/in the
higher latitudes (76—78°). The level of soot in #iredepends on the direction of arrive of air mass
low, if the transfer from the Central Arctic andyhi— from the industrial area. The resulting levels
of soot pollution in the Arctic correspond to tresults of [1].

Around the clock measurements of soot and submiassosol in the near-water have been
carried out of the coast of in the Black Sea (Ga#éik) in 2007-2009 (September). The average
the soot concentration and submicron aerosol is1059mg/ni and 21.4-42.5 mg/iA fairly close
correlation between the mass soot concentratiodisabmicron aerosol was showed (R = 0.7-0.8).
The share of soot in the submicron aerosol is 20867When arrive from the sea, and in the storm,
the proportion of soot in aerosol is lower thartha aerosol with a land. In the day the content of
the soot and submicron aerosol is low, and in tbenmg and evening are peaks. The influence of
meteorological parameters (speed, wind directiempierature, etc.) on the soot concentration and

submicron aerosol were investigated.
1. Kopeikin V.M., Repina I.A., Grechko E.I., Ogoriklov B.l. Measurement of the soot aerosol overewat
surface in Southern and Northern Hemispheh#rs. Oceanic Opt2010,23, 6, 444—450.

On the Long- and Short-Period Variations of Mass Concentration of Near-
Ground Aerosol

P.P. Anikin, A.A. Isakov _(A.A.Isakov@mail.yuE.V. Romashova, A.V. Tikhonov
A.M. Obukhov Institute of Atmospheric Physics, RBAByzhevsky per., 119017 Moscow, Russia

P.P. Anikin, A.A. Isakov _(A.A.Isakov@mail.rufE.V. Romashova, A.V. Tikhonov.
Continuous observations of the near-surface aeadswicteristics are conducted since 1991
at Zvenigorod Research Station of IAP RAS. Stakigd/.N. Sidorov by means of nephelometer
with air flow, they were supplemented in 2000 by aswements with the help of
spectropolarimeter and a commercially availableneé&pmeter PhAN. The system of registration of
the latter instrument provided a continuous rednréveraging through a minute interval that made

84




it possible to follow not only the variations witteriods of several days, but at much higher
frequencies. Here we consider two aspects of vamnist the variations of the mass concentration
values obtained in 2012, and those obtained foetiige observation period 1991 to 2012. In the
latter case we analyze the variability of mean ahmear-ground aerosol mass concentration. All
the instruments have the ability to measure thailangscattering coefficient at a wavelength of
0.52-0.54 um and at a scattering angle of 45 degndee aerosol mass concentration was estimated
under the relation/ = D11(0.54mxm,45°)*3000, where D11 in kisr®, M — in pg/m®,

The time series oM for 2012, its Fourier spectrum, and the annualnadar 22 years of
observations are presented in the paper. The dmtieeseries for 2012 reveals a monotonic (which
have began approximately in 2008) reductioMdfoth in the average value, and in the number and
amplitude of individual short peaks with periodssaiveral days. In the Fourier spectrum of the
temporal behavior df1, the distinct maxima are observed at periods @07and 85 days, the latter
can be seen in time series even without the uspetral analysis. It is interesting that the 5@sda
and daily periods of variations are very weaklyresged. The dependence of the average annual
values — since about 2000 — are distinctly belpsda- the decrease of the average valuésg tf
2000 up toM = 20pg/m®, was followed by a monotonous and rapid growtmtioning until
reaching values o = 64pg/m® in 2007. A monotonous and rapid decrease in theesaof M
begins after this maximum. The last value for thary2012 — 33g/n?’. It is interesting to note that
this relationship for twelve years has been syrictlantiphase with an index of solar activity, the
data of which (according to the intensity of sokdiation at a frequency of 2800 MHz) were taken
from the site of NOAA. Because approximately 80%ileé variance of M is associated with the
long-range transport, it is possible that solarvdgt can cause changes in the atmospheric
circulation.

This work was partially supported by RFBR undemnge#2-05-00938.

Radiation and Temperature Effects of Dust Aer osol

I.A. Gorchakova (gorchakova@ifaran.ru).l. Mokhovt, A.N. Rublev
!A.M. Obukhov Institute of Atmospheric Physics, FBASyzhevsky per., 119017 Moscow, Russia
“State Research Center of Space Hydrometeorologgnth”, 7 B.Predtechensky per., 123242 Moscow, iRuss

Radiation and temperature effects of dust aerosoleatimated from measurements at the
AERONET station in Nigeria (llorin) during dustyosins from the Sahara desert between January
28 and February 6, 2000. Two dust aerosol modete weed, including the semi-empirical model
based on the continental model [1] with aerosotiglas less than 15 um (as in the AERONET).
The second model was also used with large partid&sg into account and with spectral
distribution for imaginary part of refractive ind¢]. Integral radiation fluxes for longwave and
shortwave spectral ranges were calculated withude of integral transmittance functions for
cloudless atmospherél{O, CO,, O3, O, aerosol). Longwave fluxes with the aerosol dbaotion
were calculated using integral absorption coefficieormalized by the corresponding extinction
coefficient at 550 nm.

According to simulations the dust aerosol optibédkness and asymmetry factor increase and
single scattering albedo decreases due to contibof large particles (larger than 15 um). Dust
aerosol leads to the shortwave cooling of the sarfand surface-atmosphere system without the
contribution of large aerosol particles. The swugfabortwave cooling with the contribution of large
particles is stronger, while the surface-atmosplsgstem can be cooling or heating, when large
particles are taken into account. The longwave ilhgabf the surface and surface-atmosphere
system with contribution of large dust particlestionger.

Shortwave cooling rate of aerosol layer near serfagas estimated in the range
- (0.3+1.5C/hour without taking into account of large pagi&l and in the range
- (0.4+3.0yC/hour with contribution of large particles. The ¢pvave heating rate of aerosol layer
near surface without large particles was less W& C/hour, while with contribution of large
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particles it was between 0.2 and @/our. The obtained estimates for radiation amdptrature
effects of dusty storms indicate a need to take &micount aerosol particles with radius larger than
15 pm.
1. A preliminary cloudless standard atmosphereddration computationVCP-112, WMO/TPNe 24, 1986,
60 pp.
2. HegspM, P. Koepke, and I. Schult. Optical Propgiof Aerosols and Clouds: The software packag&Q
Bull. Am. Met. So¢1998,79, 831-844.

Effect of Hygroscopic Growth on Aerosol Light S cattering: First
Measurements in the Suburb of St. Petersburg

S.S. Vlasenko (Sergey.Vlasenko@paloma.sphuedr. Mikhailov
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

Atmospheric aerosols have a considerable impatih@madiative transfer and global climate.
However there is an immense uncertainty of aerfisolmg estimation, caused by the wide range
variability of aerosols properties. The key faabbrthe variability is the effect of water uptake on
the aerosol light scattering. The aerosol partsdattering coefficient strongly depends upon the
aerosol size and chemical composition and ambedative humidity. Therefore the knowledge of
scattering coefficient as function of relative hdity (RH) is of great importance for aerosol
forcing estimation and remote sounding methodsdatibn. A humidified nephelometer is used
recently to follow the aerosol light scatteringpdedence on RH [1]. Comparative analysis of data
obtained from five European sites displays theedtfiice in RH behavior of aerosol scattering
coefficient. The fact makes worthwhile to incre#fs® number of measuring sites.

This work presents the first results of similar sw@@ments initiated this spring in the
department of Atmospheric Physics of Physics lugiof St.Petersburg university in Peterhof near
St. Petersburg. The key employed equipment is AURGBD0O (ECOTECH, Australia) which
consists of two polar nephelometers AURORA 4000 lwioed with the aerosol conditioning
system. The input aerosol flow is split into twemdical ones. The first flow is kept dry and the
second is kept under controlled RH in 30-90% raddese flows passed through the separate
nephelometers which simultaneously measured sicagteoefficients of dry and humidified aerosol
for three wavelength (425 nm, 525 nm and 635 nnmusTwein situ obtained humidogram of
scattering enhancement factor. First results sh@t mineral poor hygroscopic aerosol particles
prevail in St.Petersburg with mean scattering en@ment factor 1.3—1.4 under 85% RH.

This work was supported by RFBR grants N11-05-06948d N12-05-0062@-and carried out with
using the equipment of the Geo Environmental Rese@enter “Geomodel” of SPbSU.

1. Fierz-Schmidhauser, R., Zieger, P., WehrlegGal. Measurement of relative humidity dependigtt|

scattering of aerosolétmos. Meas. Tech010, 3, 39-50.
2. Zieger P., Fierz-Schmidhauser R., Weingartngaiid Baltensperger U.: Effects of relative hunyidit

aerosol light scattering: results from differentépean sitesAtmos. Chem. Phys. Discusk3, 2013, 8939—
8984, d0i:10.5194/acpd-13-8939-2013.

Objective Recognition of Cloud Types by the Spatial and Temporal
Structure of its Thermal Radiation in the Ra nge of 8-13 microns

V.0O. Fedorov, M.I. Allenov (allenov@typhoon.obningh, A.V. Artyukhov, V.N. Ivanov,

N.N. Novikov, N.D. Tretyakov
Research and Production Association “Typhoon”, HBdy Str., 249038 Obninsk, Russia

Currently practiced cloudforms meteorological visakssificatio, developed by scientists
and experts from many countries for almost two wees, is used mainly in the daytime and is
based on the eye perception of cloud inhomogeséitightness contrasts, that reflect and scatter
solar radiation. This information is obtained by thbserver and is subjective, i.e. consumers are
receiving certain errors in determination of theucl coverage and cloud shape. Very often these
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errors occur in the evaluation of top tier cloudfsrand mixed forms with multi-layered structure.
RPA 'Typhoon' researches the clouds spatial-terhgmatierns for many years for the tasks of
vision systems development for various purposdhleroptical range [1-5]. In the recent years, the
association develops meteorological radiation diaation, which utilizes many stable parameters
of cloud thermal radiation.

This report examines the issues of cloud fieldsataxh parameterization and their objective
(automated) recognition at daytime and nightime. @estatistical parameters of the cloudforms
radiation fields in the range of 8-13 microns isganted, which reliably recognize single-leyered
cloudforms in 80—-88% of cases. For a more reliabt®gnition of complex multi-tier forms, and
besides the known features [5], the additional ged@l features are applied, which were also used
in satellite remote sensing methods: the cloud amee ratio of the sky (coverage), multilayer
index, connectivity and streakiness of the cloedtfi Three-dimensional images of cloudforms and

information in tabular and graphical form are praed.

1. Allenov M.I. The structure of the optical raddat of natural objects. Moscow: Gidrometeoizda88.9
164 pp.

2. Allenov M.I. Methods and apparatus of naturaliemments spectroradiometry. Moscow: Gidrometeaizd
1992, 262 pp.

3. Allenov A.M., Allenov M.1., Ivanov V.N., SolovieV.A. Stochastic structure of clouds radiationbSP
Gidrometeoizdat, 2000, 175 pp.

4. Allenov M.1., Biryukov V.G., Ivanov V.N. Recodion of natural environments, agents and
their contaminations. SPb: Gidrometeoizdat, 2088, [2p.

5. Allenov M.I. Parameterization of the natural eomments for their recognition. Obninsk, 2011, 180
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The Earth-Atmosphere System Radiative Energetic s with Influence of the
Cloud Properties and Modern Tendency of the Cloud Cover Evolution

L.R. Dmitrieva-Arragd (dmitrieva@mecom.ry\V.L. Perov, A.S. Harirt, M.V. Shatunovg
Josep-Abel GonzalézJordi Badosh Elena Rogét

'Hydrometeorological Center of Russia, Russia
2Universitat de Girona, Departament de Fisica, Spain
3_aboratoire de Météorologie Dynamique (LMD), Patsis, France
“Universitat de Girona, Departament de Fisica, Spain

The tendency to the cloud cover variations durasj two decades in the different regions of
the Russia (1990-2000, 2001-2010) has been revdégleshany scientists. This process may
produces the seriously meteorological consequeiacebe Earth weather and climate taking into
consideration the great influence of the cloud cmrethe radiative and heat balance of the Earth.
Some characteristic feature of the cloud coveratiams tendency is contained in its regional
character and seasonal pecularities.

The results of the cloud cover variations analigsised on the surface observations data in the
regions around the internal seas of Russia is vededuring the programme Climeseas (Ref.
n.247521 People 2009 JRSES) of the seventh Frarkelmagram of the European Union. The
analysis of the data for 1990-2000 and 2001-20&6syshows the variations of the 10 years mean
value of the cloud cover in the limits of — 0.05©.05. The tendency for 20 years period is the
increasing of the cloud cover in the Caspian Sg@mneand its decreasing in the around regions.
Such kind of the cloud situation reconstruction nhegd to increasing of the horizontal surface
temperature gradients in the region and meteorcdbgtonsequences. In particular this may
promote the convective activity in the region ahd increasing of the number of the cases with
convective form of clouds.

The main process that regulates the system enesgatid meteorological phenomena is the
absorption of the solar radiation fluxes by thetkaurface. The numerical experiments were
conducted to evaluate the radiative characterigiicthe earth-atmosphere system under cloud
properties variations. The solar and longwave tamfigfluxes were calculated taking into account
the cloud cover tendency. The variations of tharsocbmponents of the radiation characteristics are
greater than longwave. Under the one-layer clowlttes variation of the surface radiation balance
in solar spectra is near 50-60 wt/m2 under thecclmaver changing 0-0.2 and surface albedo 0.2.
The radiation balance at the upper boundary of dygem is variated in the limits of 150—
180 wt/m2. In the longwave spectra under the sdmelaconditions the effective radiation variation
at the surface is much smaller, approximately 10n#&tThese variations in the surface radiance
balance may cause the surface temperature vagandhe limits of 1-2°.

The presented approximate evaluations show the lesitypand importance of the discussed
processes for the weather prediction and climasagé problem.
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The Relationship between Air Temperature and Radiative Balance at the
Surface and at the Top of Atmosphere over t he Asian Territory of Russia
using Reanalysis and Satellite Data

S.V. Loginov (ceo@imces.rub.l. Ippolitov, E.V. Kharyutkina
Institute of Monitoring of Climatic and Ecologic8lstems SB RAS, 10/3 Academichesky ave., 63405% Tom
Russia

Over the Asian territory of Russia (ATR) for theripd of 1975-2012 the estimates of spatial-
temporal variability of major climatic parametersck as temperature, pressure and precipitation
were calculated using daily observational datataions, located to the east from Urals and in
contiguous regions.

The validation of initial data was done before aldtions:

— characteristics of radiative balance elementseatop of atmosphere, obtained by reanalysis
data JRA-25 and MERRA, were compared with sagetldta: CERES (2000-2012), PATMOS-x
(1982-2009), MODIS (2000-2012), ISCCP (1983-2007);

— characteristics of cloudiness, obtained by reamatata JRA-25 and MERRA, were
compared with observational data from stationswaitial satellite data: CERES (2000-2011),
PATMOS-x (1982-2009), ISCCP (1983-2007).

It was obtained that for all datasets there isvalar situation in interannual variability of total
cloudiness: it decreases before 1992 and it ineseadter this year. The difference in data is
approximately 20% (from 50 to 73%). Among theseadaine series from JRA-25 have a good
agreement with PATMOS-x data: correlation coeffitis 0.5 for 1983-1996.

Different level clouds have different influence the temperature regime over the territory.
From the analysis of cloud characteristics, disedsa this study, it follows that data presented in
mentioned above datasets do not allow to selet¢t elacid level with necessary reliability, that is
why it is difficult to find its greenhouse effeatsich influence on surface temperature change.

The comparison of radiative balance at the top tofoaphere, shortwave radiation at the
surface, effective radiation and total cloudineas Bhown that there are two subintervals in the
interannual variability of these elements.the first subinterval over ATR the decrease @#lto
cloudiness and the corresponding increase of dowhwhortwave radiation at the surface are
observed. In the second subinterval the decreassenfioned elements is accompanied with total
cloudiness increase.

Two regression models related surface temperatooenalies with anomalies of radiative
fluxes at the top of atmosphere and total cloudir@somalies using reanalysis data (model “A”)
and using satellite data (model “B”) were constdctGlobal circulation characteristics were
included in both models. Obtained regression modktsv describing in cold season from 67 to
87% of temperature variability, from 18 to 60% oEgsure variability and from 18 to 58% of
precipitation variability.

The Features of the Space-Time Variability of Radiation Balance
Components in Eurasia

SamukovéE.A. (wrdc@main.mgo.rssi.ru, e.samukova@mail.ru)
A.V. Voeikov Main Geophysical Observatory, WRDRaibyshev Str., 194021 Saint-Petersburg, Russia

The studies of space-time variability of solar &titn incident at the Earth’s surface become
of particular importance due to the climate chamgilem. This study presents results of analyzing
the climatologically series of global radiation seaal and annual means using the data of 171
actinometrical stations in Eurasia for 1964-198€ &4B86 stations for 1990-2010, as well as the
diffuse and direct solar radiation from data of<28tions for 1990-2010. To study the space-time
variability of radiation balance components thevrniation on global@) and diffuse D) radiation
was used from the World Radiation Data Center amel ®peration-Reference Data Bank
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“Actinometry” of Roshydromet. Values of direct soladiation on the horizontal surfac®’) for
each station were calculated as the difference dmrivthe global and diffuse radiation values. To
estimate the tendencies of solar radiation longrtehanges the technique for approximating the
series by linear function was used.

In the period of 1964—-1989 the tendency to theedes® of the global radiation incident at the
Earth’s surface is observed at most of stationEurope and Asia on the average by 1-3% per
decade. The most appreciable decreasgisfobserved in north-west Europe, in Mediterransaa
region and on Japan Islands where at some statim$—7% per decade. The highest number of
negative trends of) is observed during the spring and summer seaguring the next twenty-
year period the negative tendency(@fis observed only in the Iceland Minimum area andhe
Indo-Chinese and Hindustan Peninsulas. On the pireyaerritory of Eurasia the increase &f
annual means is observed to be by 2-3% on thege/ei@a a season the average values increased
by up to 4-5% per decade autumn and winter sedsdhe first decade of XXI century in most
Eurasia areas the value of global radiation reathedevel the 60-es of the past century, and at
some stations they exceeded this level. The mosiderable changes of Q is observed in the west
and central Europe and in the Pacific Ocean regioere at some stations the increas® @nnual
values reached 8% per decade.

The increase of global radiation measured at att@tocal stations is related basically with
the increase of direct solar radiation. In 199020t annual mean values of S’ increased on the
average by 8-9%, up to 14-16% per decade in theemseason. Against the increase of direct
solar and global radiation in the recent twentyrygariod the diffuse radiation in Eurasia decrease
on the average by 3-5% per decade. The opposiieriey in the change & andD is observed
only in India and at the most of actinometricatistas in China.

These tendencies of long-term change in short-wgalar radiation in Eurasia for 1964-2010
evidence the large-scale effect of some factdasa@, first of all, to the change of cloud coaed
atmospheric transparency.

The Influence of Anthropogenic and Natural Ra diative Forcing on the
Climate in Russia as Estimated with an Ensem ble of Global Climate Models
of the New Generation (CMIP5)

Petr V. Sporyshev (sporyshev@inbox.ru)
A.V. Voeikov Main Geophysical Observatory, 7 KaneysStr., 194021 Saint-Petersburg, Russia

The presentation examines the evolution of the atimin Russia in the 20th—early 21st
century according to observations and simulati@akintg separately into account the influence of
external radiation forcings. Model simulations @resented by three ensembles of experiments
with global atmosphere-ocean general circulationde® (AOGCMs) participated in the
international project CMIP5. In the frame of the (B project, special experiments were
performed to simulate the evolution of the climatehe 19th—21st centuries (1850-2005) taking
into account both natural and anthropogenic exteim@ings (ensemble Hist). Anthropogenic
external forcings, in particular, include the ob®er changes in the atmospheric concentrations of
the main greenhouse gases and anthropogenic agrasaol the changes in land use. But natural
forcings include changes in the structure of theoming solar radiation at the top of the
atmosphere, and changes in the concentration osalerof natural origin, for example, aerosols
associated with major volcanic eruptions. In additia number of AOGCMs performed separate
experiments designed to identify the causes ofrgbdeclimate change, in which the influence of
external factors were taken into account separately

The presentation examines two ensembles of suchriexgnts: in the first ensemble all
external factors were fixed except for changesha ¢oncentration of the main greenhouse gases
(ensemble Hist-GHG), and in the second ensemblg tlha natural external factors were taken into
account (ensemble Hist-Nat). Analysis of the maéeroducing of the temporal evolution of the
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surface temperature made for a number of larg@meghn Russia has shown, in particular, that the
ensemble Hist, on average, well enough reproduedeimporal evolution of temperature changes
for the whole territory of Russia as well as fonamber of large regions. Significant part of the
variance of interannual changes (from 20% to 408&#) loe reproduced in the model experiments.
The main contribution to the observed increaseinperature on the territory of Russia is made by
the impact of changes in the concentration of drease gases. However, the natural effects
significantly manifest themselves in interannuakiatons in temperature. Their influence is
especially high in the summer when the impact obsas of natural origin on the incoming solar
radiation flux at the surface is significant, blog interannual variability of temperature is refaly
small.

Analysis of the spatial correspondence of modelukatrons with observations showed that
only temperature changes obtained in the ensemibtearé in good agreement with that observed.
The results of the other two ensembles are difftefesm the observational data. Thus, the
temperature changes can neither be explained hyahatauses nor by the influence of rising
atmospheric concentrations of greenhouse gases.alon

The study was supported by the RFBR grant 12-0%90

Solar Radiative Fluxes in the Clear-Sky Atmos phere: Comparison of
Simulations and Ground-Based Measurements

T.B. Zhuravleva (ztb@iao.ruY.V. Bedareva, D.M. Kabanov, I.M. Nasrtdinov,

S.M. Sakerin, T.Yu. Chesnokova
V.E. Zuev Institute of Atmospheric Optics SB RA&;ademician Zuev sq., 634021 Tomsk, Russia

The considerable spatio-temporal variations and vidugety of aerosol properties are the
reasons for the insufficient level of the presesy-dinderstanding of both the aerosol optical
characteristics, and for the uncertainty duringudation of radiation effects. The calculations and
measurements of broadband solar radiative fluxes ke reconciled by refining the radiation
models, what include the proper radiation codesandmplex of the input parameters for specific
types of aerosol or climatic zones.

The purpose of this work is to analyze the resoftslosed radiation experiments (CRES),
which were performed under the clear-sky conditidneng summers of 2032012 near Tomsk.
During CREs, we measured the fluxes of dirSand totalQ radiation with the help of MS-53
pyrheliometer and MS-802 pyranometer in the wawglemange of 0.3052.8 um. Algorithm of
the Monte Carlo method was used to calculate tioadivand fluxess Q, and of diffuse solar
radiationD in the molecular-aerosol atmosphere. The inpudmaters for the radiation calculations
were determined on the basis of combination ofdél®, obtained immediately during CRE;
(2) empirical models, based on the results of iyedli observations in the region of Western
Siberia; and (3) the widely accepted models of s@rand gas composition of the atmosphere.
Most Q and D calculations used columnar values of the singlatteing albedo (SSA) and
asymmetry factor of the aerosol scattering phasetilon, retrieved using different methods [1, 2]
on the basis of ground-based measurements of duotrapaerosol optical depth (AOD) and diffuse
sky radiance with CE 318 radiometer.

The experimental and calculated radiative fluxesewsompared by considering the relative
(6) and absolutey) differences in th& D, andQ fluxes in juxtaposition with the uncertainty (Er),
caused by the measurement and radiation calculaioors. The measurement errors were
estimated using ratings of the MS-53 and MS-802umnsents under the assumption that every type
of error (nonlinearity effects, temperature undettes, etc.) is independent of other error types.
The uncertainties in thg D, Q calculations were estimated by considering onlgrsrin specifying
the input parameters. It is shown that, under tbeditions of high atmospheric transparency
(AOD(0.55um) = 0.05), the AOD determination errors have nsigificant effect on the accuracy
of the calculations of direct and diffuse radiatidinder the characteristic summer conditions of
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Siberia (AOD(0.55um) = 0.15), the diffuse radiative fluxes are moshsstive to the value of
aerosol SSA3D is ~ 5% when SSA is specified with an error 0f50.0

To compare the model-based and measured radiduxesf we selected 28 situations which
were characterized by low (< 0.2) AOD values. Themparison showed that the discrepancies (in
the absolute value) in the direct radiative flux¥®were in the range of-20 W/nf and were
smaller or comparable with the &walue, in most cases. The exceptions were the sghaic
situations with high atmospheric transparency; hageadditional numerical experiments showed
that AS differences are reduced by approximately a fastdwo when AOD measurement error is
taken into consideration. Th&Q variability range did not exceed25 W/nf and was much less
than the value of the uncertainty@rWe also note that th&®Q values, calculated with the use of
different methods for retrieving the optical chaeaistics and the OPAC continental aerosol
models, differed insignificantly from each other.

This work was supported by the Department of E&thences, Russian Academy of Sciences
(program 12.2); Russian Fund for Basic Researabj€prr no. 12-05-31007); and Agreement 8325 with the

Ministry of Education and Science.
1. Dubovik O., King M. A flexible inversion algohin for retrieval of aerosol optical properties fr&un and
sky radiance measuremenitsGephys. Res. P2000,105 16, 20673—-20696.
2. Bedareva T.V., Sviridenkov M.A., and Zhuravléu8. Retrieval of aerosol optical and microphysical
characteristics according to data of ground bapedtsal measurements of direct and scattered solar
radiation. Part 1. Testing the algorithAtmos. Ocean. Opt2013,26, 1, 24—-34.

The Assessments of Eye-Damage Biologically Act ive UV Irradiance

N.Ye. Chubarova (chubarova@imp.kiae,M¢.Yu. Zhdanova
M.V. Lomonosov Moscow State University, Facult@ebgraphy, 1 Leninskye gory, 119991 Moscow, Russia

The UV radiation has a significant biological impaits influence on human skin is well-
known, however, it also has a noticeable eye-dareéfgets including acute effect (photokeratitis)
and long-term effect (cataracta and eye cancer).ckaracterizing the UV influence on skin the
biological action spectra of erythema and vitamiar® usually used. Similarly, for the assessment
of eye-damage effect we can use the action spegtroposed by [1], which also has a maximum
sensitivity in UV-B spectral region. Based on thetailed studies we showed the possibility of
utilizing several types of broadband pyranometeith \wensitivity in UV-B spectral region for
measuring the eye-damage UV radiation. Parallel soveanents by the Bentham DTM-300
spectrometer and the UVB-1 YES pyranometer at tivsdruck Medical University (Austria)
provided us the calibration factor in eye-damageésifor this broadband instrument.

Based on the accurate radiative transfer simulatlonthe DISORT method the electronic
database of eye-damage biologically active radiatias been generated for a large range of
atmospheric parameters and solar elevations. Tlaatigative effects of different atmospheric
parameters on this type of radiation have beenimddlaand compared with their effects on
erythemally-weighted irradiance. The interactiveggam module has been developed for effective
estimations of different types of biologically a&iUV irradiance in various optical conditions.

While analysing the biologically active irradianitas important to make its assessments in
real conditions with account for the urban opackyr this purpose using the experimental and
model data the quantitative dependencies on urpanity were obtained for open and screening
solar disk conditions. The significant differeniceattenuation of UV-B irradiance was shown
compared with that for total shortwave irradiance.

The research was partially supported by RFBR g¥ad®-05-0087 7a.
1. Oriowo, M. et al. Action spectrum for in vitroMdinduced cataract using whole lensiesiest. Ophthalmol. &
Vis. Sci, 2001,42, 2596-2602.
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The Estimation of UV Radiation Impact on Huma n Health in Moscow
According to the Updated Measurements at the Meteorological Observatory
of Moscow State University

Ye.Yu. Zhdanova_(ekaterinazhdanova214@gmail.cdirfe. Chubarova
M.V. Moscow State University, Faculty of Geographizeninskye gory, 119991 Moscow, Russia, Moscow

The main objective of this research is to idenfiztfiyorable and unfavorable periods during the
year in terms of UV radiation impact on human Heaft Moscow, according to the updated
measurements of biologically active UV radiatiorA(B/R) at the Meteorological Observatory of
Moscow State University (MO MSU). Two types of BABVwere considered: erythemally-
weighted UV radiation, which has a major negativg@act on human health, and vitamin D UV
radiation.

Measurements of erythemally-weighted UV radiatibtha MO MSU have been in operation
since 1999 by the UVB-1 YES pyranometers, which waidely used in the world. UVB-1 is a
broadband device with a spectral sensitivity cusech is close to the erythema action spectrum.
The main sources of the uncertainty of this insgotmare due to the differences between the
instrumental spectral curve and the spectral cafwythemally-weighted irradiance, as well as the
deviation from the cosine law. According to the WN€xommendations these uncertainties have
been taken into account in UV radiation databassime 2 [1]. To eliminate the temperature
dependence the UVB-1 device is equipped with teaipex stabilization system at 45 °C.
However, the comparisons between the routine meammnts and reference devices of a new
generation has detected the residual temperatyoendence in routine UV measurements. Based
on the obtained dependence on air temperatureglhssvon the relationship between the reference
and routine measurements, the correction of thabdake version 2 was carried out and a new
database version 3 was generated. The differenteebe the monthly sum of UV radiation
between version 2 and version 3 databases vaoes@1% in summer to 20-30% in winter.

Threshold values of BAUVR should be known to asshe effect of UV radiation on human
health. In the monthly newsletter of the MO MSUesfrold is 25% of MED for 25% of the human
body [2] is used as a UV threshold to produce vitabBh In the updated recommendation [3], this
threshold for vitamin D production is 20% of MEDr f20% of the human body. However, the open
body fraction can vary depending on the air tentpeea therefore a threshold which takes into
account this dependence was proposed [4].

Using the database version 3 over the 1999-2012pg¥#nd, it was found that vitamin D is
generated in the human skin in Moscow from 22.11AL8.02 according to threshold by [3], from
16.10 till 17.02 according to the threshold whistused in the monthly newsletter of the MO MSU,
and from 11.10 till 13.03 according to the proposimeshold which takes into account the open
body fraction. The regular increasing of vitamindBficiency period is revealed if the database
version 2 is used.

Protection from harmful effects of UV radiationr@asommended [5] is necessary for a person
with the second type of skin when UV index gredtean 3. Dangerous levels of BAUVR in
Moscow are observed in the midday time from 22il0£25.08 according to databases version 3
and version 2.

The research was partially supported by RFBR g¥ai®-05-0087 7a.

1. Chubarova N.Y. UV variability in Moscow accordito long-term UV measurements and reconstruction
model.Atmos. Chem. Phy22008, 8, 3025-3031.

2. Holick, M.F. and Jenkins M. The UV advantagexvmeedical breakthroughs reveal powerful health Gene
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Research of Cloudiness Trends Impact on Radia tion Budget Based on
International Satellite Cloud Climatology Proje  ct Data

O.M. Pokrovsky (pokrov@main.mgo.rssi.ru
A.V. Voeikov Main Geophysical Observatory, 7 KaneysStr., 194021 Saint-Petersburg, Russia

Results of a comprehensive analysis of the globdlragional cloudiness for 1983-2009 have
been presented. The monthly data obtained in frahehe International Satellite Cloud
Climatology Project (ISCCP) were used in this stu@iiie aproach based on imlementation an
original smoothing technique and the wavelet amalygas imlemented in this research. Both
techniques are approriate to be applied to noiestty time series. It was shown that there is a
decreasing trend in total cloudiness of 2—6% sizeyfobal and regional scales. Greatest decreasing
tendencies were found in the tropic belt and olerdceans.Least decreasing was found over the
land. The crosscorrelation coefficients betweendlobal cloudiness on one hand and the surface
air temperature and the sea surface temperatunateliseries on other hand have achieved the 84—
86% levels for 1983-2009.

Radiation Regime under Conditions of the Inte  nsive Drought of 2001-2010
in Ukraine

L. Rybchenko (L-Rybchenko@yandeX.r&. Savchuk
Ukrainian Research Hydrometeorological Institute/#duki av., 03028 Kyiv, Ukraine

Changes of the radiation regime in periods of is¢edroughts of 2001-2010, relative to the
standard norms of climatological period 1961-19@0abtained. Atmospheric and atmosphere-soil
droughts of varying intensity were observed in npzsts of the country 7 years of 10 in during the
first decade of the XXI century. The most intensaudhts occurred in 2001, 2003, 2010 during the
vegetation period in the spring, summer, and auturhey led to the deterioration and massive loss
of crops. Total radiation increases, but to a lesg&ent than the duration of sunshine and thectlire
solar radiation (by 25-85%), while reducing thettsrad radiation (10—25%). Bare soil heating led
to an increase in surface albedo in the springaamdmn drought events, reaching 10% in the north.
The radiation balance increased during droughtydsr

Dependences in Long-Time Variations of Sunshin e Duration and Air
Temperature over Russia

N.S. SidorenkoV(sidorenkov@mecom.ruYu.P. Perevedenzevr.S. Zhigaild
'Hydrometeorological Research Center of Russia,rBdfechensky 1413, 123242 Moscow, Russia
’Kazan (Volga Region) Federal University, 18 Kreralaia, 420008 Kazan, Russia
*0Odessa State Ecological University, Ukraine

In an analysis of the causes of the 2010 anomaldwsl summer over European Russia, it
was found that the sunshine duration, cloud amanndt eventually, incoming solar radiation are
modulated by lunar tides. The intensity of the mation depends on the season of the year. The
length of the Earth's (lunar) months is not a rplétiof the solar year. The lunar year, which is
equal to 13 sidereal or 12 synodic months, lass&sdys. The lunar perigee distance varies with a
period of 206 days. Therefore, the incoming sadakiation varies not only with a solar-year period
of 365.24 days, but also with "tidal" periods 063ind 206 days. The addition of these oscillations
generates quasi-35-year and 4-year beats of mégaral elements, incoming solar radiation, the
components of the radiation and heat budget inBaeh's climate system, and climate change
forcing. Plots of analyzed long-time series oftaimperature, cloud amount, and sunshine duration
in Moscow and Kazan, incoming solar radiation oWussia, and geophysical and climate
characteristics are presented that underlie th@seusions.
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The Light Conditions of Megapolis During Smok vy Haze

O.A. Shilovtseva (shil_o@mail.yu
M.V. Lomonosov Moscow State University, Facult@ebgraphy, 1 Leninskye gory, 119991 Moscow, Russia

During the period of natural illuminance observatin the meteorological observatory of the
Moscow State University (since 1962) Moscow thneas subjected to a catastrophic effect of
smoky haze from burning forests and peat bogsOl©2it has been the most devastating by force
of influence on living organisms. The objectivetbé study was to evaluate the light regime of
Moscow — as one of the largest cities in the werlth heavy smoke conditions. Periods with a
smoky haze in 1972, 2002 and 2010 were compared.

The mean values of the aerosol optical thickness 360 nm wavelength (AOT550) during
the days with a smoky haze were: in 1972 — 0.82002 — 0.87 and 2010 — 1.50 [1]. At first the
top "boundary conditions" were determined — theigalof total (EQ), diffuse (ED) and direct (ES)
illuminance at cloudless and clean conditions vadrained. As such "model” period of 1994-2001
were considered, wen maximum transparency of thesthere was observed in Moscow (the
average for August P2 = 0.74, AOT550 = 0.15).

Direct illuminance is subjected to the most sigmifit impact by smoky haze, decreasing to
near zero during a particularly excessive smokee Thrrespondingly increase of the ED is
considerable up to three times compared to ther-sley conditions at solar elevations more than
30 degrees. However, such increase of ED does aopensate the significant loss of direct
illumination as a result the total illuminance isareduced. On average, the total illuminance in
smoky haze was less than 15-30% compared to thesig conditions, and decreased till 60—70%
at excessive smoke. Especially catastrophic camditiwere formed in August 7-9, 2010
(AOT550> 1.5), when the daily sums of EQ were d&8¢—429 Klux-h. Similar level of lighting in
August was observed in cloudy weather, accompaoyedrecipitation during the hole day. As a
result, in August 2010 due to a strong smoky hbheentinimum of the monthly ES sum during the
period of 1964-2012 was observed. At the same tieemaximum sum of ED was marked, and
EQ was in the top ten of the least monthly amouhtse presence of a smoky haze leads to a
significant depletion of the solar flux by visiliays.

Thus, the light equivalent (ratio of lighting sunitssums of radiation) of direct radiation at
the average cloud cover in August 7-9, is 27-28kMJ-n¥, and in 2010 it did not exceed
7 kIx-h/MJ-n'f. The corresponding change in the light equivaleft total radiation is:

31 kix-h/MJ-rif at average climatic conditions and 25-27 kix-hfWfin 2010. So, smoky haze
leads to a significant depletion of sunlight by thest physiological active rays, forming together
with other factors extremely adverse living corahs for alive organisms, as was observed in
Moscow in 1972, 2002 and 2010.

1. Abakumova G.V., Gorbarenko Ye,V., Nezval YeShjlovtseva O.A. Clomatic Resources of Solar Enéngy
Moscow Region. M.: "LIBROKOM", 2012, 312 pp.

The Variability of the Long-Wave Radiation Ba lance

E.V. Gorbarenko_(catgor@mail.ru)
M.V. Lomonosov Moscow State University, Facult@ebgraphy, 1 Leninskye gory, 119991 Moscow, Russia

On the basis of long-term (1958-2012 years) sadmation and atmospheric measurements
in Meteorological Observatory of Moscow State Unsvy, analyse of the observed and calculated
fluxes of long-wave radiation (LWR) as well as faetors, determining their variability, has been
performed. As a result, regression formulas regatire effective radiation and atmospheric back
radiation with cloud amount, temperature, and hutyigdere obtained.

The one of greatest interest is the study of l@rgitvariability of atmospheric back radiation
(Es) because it is connected with processes deterqithie "greenhouse effect.” The increasing
tendency of the back radiation is determined bywnoof cloud amount as well as the total
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humidity, and temperature observed in the MO MSWseéssing the impact of cloud cover under
the same temperature and humidity conditions shothetl the overcast increasés by 40—
70 W/nf. A warming effect is minimal for continuous cloudgver in high altitudes. Maximug,
values are observed under low rain clouds. Wintards have greater warming effect.

The aerosol effect oB, becomes noticeable starting with the aerosol aptiickness (AOT)
greater than 0.6. In Moscow, such conditions wéageoved only during strong forest fires. During
the smoky plumes, Ea increased by 20-25 $\damparable with the effect of some cloud forms.
Aerosol can not influence on the trendggfincreasing because of significant AOT reductiontife
past 20 years.

According to calculations, LWR caused by growthGsd, concentration from 330 ppmv to
modern 380 ppmv for 45 years (from 1966 to 201Mss than 0.3 W/frin summer and 0.5 W/m
in winter. Such Ea changes are much less accufatye @ WR measurements and do not appear in
the long-term variability in Ea MO MSU.

Multiannual Time Series of Column Transparency , 1906-2012

0. OkuloV (oleg.okulov@embhi.8@eH. OhvriP, L. Neimar, K. Kattaf, V. Russak A.

Kallis®, E. TereZ, G. TereZ, G. Gushchify G. Abakumov E. Gorbarenkd
'Estonian Meteorological and Hydrological Instituddustamae tee 33, Tallinn 10616, Estonia
2University of Tartu, Ulikooli 18, Tartu 50090, Esta
*Tartu Observatory, Téravere 61602, Estonia
“Taurida National V.l.Vernadsky University, Simfesbp5007, Crimea, Ukraine
°Karadag Geophysical Research Observatory, Feodd@3l88, Crimea, Ukraine
®_omonosov Moscow State University, Moscow 119998siBn Federation

Multiannual changes in atmospheric column transparéased on measurements of direct
solar radiation allow us to assess aerosol loaundton of radiation regime and conditions for
remote sensing.

In this work, the main parameter is the integrab#aband) transparency coefficiemk)(
transformed to a solar elevation°30This coefficient enables easy calculation ofesal other
broadband parameters of column transparency abililyras well as transition to spectral Aerosol
Optical thickness, AOT

As at the previous symposiums, ISARD-2009, ISARD20we present multiannual time
series ofp, for three different European climatic location&) Estonia, meteorological stations
Tartu-Toravere and Tiirikoja; (2) Moscow, Meteomgical Observatory of the Moscow State
University; (3) Feodosiya, Karadag Geophysical RedeObservatory, Crimea, Ukraine.

The time series are updated to 2012 (incl). Fongarison, historical evolution g, at
Pavlovsk, during 190661936, is given. Our new findings are as follows.

1. In 20112012 thep, annual values kept their high values, for example:
Tartu-Toraverep,(2012) = 0.807, the highest value since 1932 (ftioenvery beginning),
Crimea,p2(2011) = 0.772, the highest value since 1948 (elasi@ins started in 1934),
Moscow,p2(2012) = 0.768, the highest value since 185%rom the very beginning).

2. The period from 1994, i.e. the last 19 yearsjdbe called “the period of brightening®,

characterized by very high column transparencypréssive clearing of the atmosphere can be seen

in carpet-type figures of monthly mepsnvalues. Because no increase in column humidity wa
observed during this period, the improve in colunamsparency happened due to decrease in
column aerosol content. The first reason in lessesol load in Europe is lack of great volcanic
eruptions — by 1994 the emissions of Mount Pinafidlime 1991) have dissipated and volcanically

a calm period followed. The second reason is imgmeent of technology in industry, power

engineering and transportation. The third reasoniggation of some heavy manufacturing from

Europe to countries in Southeast Asia. The forg#ison is general economic decline in previous

socialist countries after the collapse of the USSRugust 1991 which favored a considerable

decrease in emissions from all types of statiomarpollution sources.
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Concerning future extension of presented impressine series of column transparency, we
have a very sad information from Ukraine. For eoop reasons, work of the Karadag
meteorological station is reorganized. Most likeliyect solar beam will not be measured there
anymore. A 79 years (1934-2012) time series wallifterrupted. During the last decades the
measurements were guided by Gennady K. Gushchimd.@eogr. Sc.

Our research has been supported by a project “lastomadiation climate* funded by European
Regional Development Fund (ERDF).

Spectral Aerosol Optical Depth Prediction with Some Broadband Models.
Validation with AERONET Observations

H. Ohvril* (hanno.ohvril@ut.8e M. Kannet, O. OkuloV, K. Kattai
University of Tartu, Ulikooli 18, Tartu 50090, Esta
Estonian Meteorological and Hydrological Institutdpstaméae tee 33, Tallinn 10616, Estonia

Aerosol optical depth, AON, usually presented for 500, 550, 1000 nm (AOT580 550,
AOT1000), is a central parameter for descriptioncolumn aerosol content and column optical
properties. From the 1990s, after start of US NA@Agrams AERONET, TerraMODIS and
AquaMODIS, this parameter became very popular. tl@nother hand, in order to obtain a more
detailed temporal and spatial overview on aerosstridution, especially for retrospective
extrapolation of AON time series to pre-1990 years when the photomegtiwork was sparse, it is
necessary to use alternative methods for its cation. Several AOX broadband models can be
found from an extensive literature survey. Amotgm, the high-performance models are
laborious for processing of large amounts of dataremuire special or very accurate input
guantities. But there are also rather simple mod#ish allow easy programming and do not need
ancillary meteorological data as input. The gdathe present work is intercomparison of some
simple AOTA broadband models. Only one more complicated madas included to the
intercomparison.

In total we tested six models. Three models (MUML)-2, MU-3) were created in the
Moscow University, two models (TU-1, TU-2) in thendersity of Tartu. The most complicated
model (G-1) was created by Chr. Gueymard.

The Input and Output data of models are as follows.

MU-1. Input:h —solar elevationS— direct normal broadband irradiand#,— precipitable water
vapor,a —the Angstrom wavelength’s exponent. Number of qna= 13. Output:
AOT550.Published in 1991.

MU-2. Input:h, S W, a = 1.0(fixed). Number of equations 1. Output:AOT550. A simplified
version of MU-1. Published in 1991.

MU-3. Input:h, S W, a = 1.0(fixed). Number of equations 2. Output: AOT500. An updated
version of MU-2. Published in 2005.

TU-1. Input:p, —the integral (broadband) transparency coefficieridformed to a solar
elevationm = 2; W, a. Number of equations 1. An updated version of MU-1. Output:
AOT500. Published in 2007.

TU-2. Input:p,, W. Number of equations 2. Output: AOT500. Published in 2012.

G-1. Inputh, S W,a = 1.3(fixed), content ofD; andNO,. Number of equations 30. Output:
AOT1000. Published in 1998.

The direct broadband irradianc&, was measured at Toravere meteorological station
(Estonia, 5816’N, 26°28’E) by an actinometer AT-50. Column content ofqipitable water\W,
was evaluated from station water vapor pressutee rifiodelled AORX results, for outputa # 500
nm, were recalculated, using the Angstrém formialsAOT500.

The reference AOT500 values were measured at Tdraby the AERONET Cimel
photometer. Actually we compiled a table of siran#ous registration of broadband irradiarige
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and the AERONET measured AOT500. The table cont2a6091 complex observations from all
seasons during 10 years, 2002—-2011. Within 10 mih,broadband (AT-50) and spectral (Cimel)
instruments, accomplished their measurements.

Two models (MU-1, TU-1) allow variation of the Ariggm exponent. We have made runs of
these models insertingt = 1.2, 1.3, 1.4and o ='a priori known' (from the AERONET
observations).

However, keeping in mind either under- or overeation of the AOT500 predictions, the
best result was performed by MU-3. An average testanation was only 0.5% (slope of the
regression, ‘'model versus reference’, was equd).®®5). Correlation between predicted and
reference values, characterized with the coefftopdémietermination, was® = 0.947 In 45 cases
(from the total 26 091) the model gave negativeysmlally impossible results, i.e. predicting
AOT500 < 0. Note that the Angstrom exponent in thisdel is fixedp = 1.Q

Slightly better correlation¥? = 0.957 was achieved b§fU-2, but the slope was equal to
1.013which means an average, by 1.3%, overestimatioerelivere no negative predictions. Note
that in this model the Angstréom exponent was nosimtered at all.

Runs of models MU-1 and TU-1 with the use of indual, 'a priori known’ Angstrom
exponents for each observation, did not improveiptens.

Our research was supported by a project “Estoradiation climate“ funded by European Regional
Development Fund (ERDF).

Influence of the Stratospheric Aerosol Two-Lay er and Two-Layer
Antireflection Particles on Climate: the Model Estimates

V.A. Frolkis' (VFrolkis@vf13868.spb.eduA.M. Kokorin®
ISt. Petersburg State Transport University; A.V.ikoeMain Geophysical Observatory, 7 Karbyshev, Str.
194021 Saint-Petersburg, Russia
%p.P. Shirshov Institute of Oceanology RAS, thé@&tersburg Department; St. Petersburg State Unityeos
Architecture and Civil Engineering

It is well known the stratospheric aerosol is intpot factor for both regional and global
climate changes. In the model studies often theatisd and thermal regimes changes due to
atmospheric aerosol are considered in common @&uy.aerosol particles structure and their size
distribution are not taken in to account. The E@stumstance leads to significant uncertainties in
estimation of atmospheric radiative regime evolutihich may have even different sign.

Here the impact of the two-layer particles of sispheric aerosol on the Instantaneous
Radiative Forcing (IRF) and on the stationary ctientemperature regime is modeled. Aerosol
particles are described by the form-fadfor r/ ryem, Wherer is the radius of the particlgerm is the
radius of its kernel. The lognormal size distribuatr is considered. Various values of the form-
factor describe the different stages of the 75%ataikhell formation. Three models of “two-layer”
aerosol particles are discussed: 1) two-layer glagtiare two-layer particles, which have a sharp
boundary between the kernel and the shell; 2) efteation particles are two-layer particles, which
do not have sharp boundaries between the kernethenshell; 3) quasihomogeneous patrticles are
homogeneous particles, which have the same integtadal characteristics, as well as two-layer
particles. Also the results of similar calculationgh the homogeneous particles of 75% sulfate
aerosol are given. The optical properties of adrpadicles are calculated according to the Mie
theory. A two-dimensional zonally and annually aggr steady state energy balance radiative-
convective equilibrium model is used. This semi-gogl model has the detailed radiation code,
the parameterized energy transfer, the conservafitime relative humidity in the troposphere, and
it takes into account the albedo — temperaturebi@ekalso.

The calculations of the IRF and surface temperatlv@nges due to above stratospheric
aerosol models are carried out. The stratosphericsal layer has optical thickness is 0.05 at a
wavelength of 0.5%m (this layer is located above the tropopause)efitdes of aerosol particles
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with the following characteristics are consideré position parameteg = 0,05, 0.3, 0.5um, the
shape parametery = 1.1, 1.5, 2.0, 2.5um and form-factor valuef = 1.43, 2.057, 2.745, 3.439
respectively.

Conclusions: 1) The account of both size distrinutof volcanic aerosol particles and its
internal structurdf may exert a significant influence on the evaluatd the atmospheric radiation
field changes; 2) In some cases the IRF due tcstitaospheric aerosol variations is not reliable
index for climate change evaluation; 3) Considdveatlayer particles and two-layer antireflection
particles have more efficient antigreenhouse pt@ser(geoengineering) than the particles of
75% sulfate aerosol.

The study is supported by SPSUACE (GsnF-11).

Variations in Atmospheric Turbidity due to th e Global and Regional
aerosol Disturbances during 1976-2012 Years ab ove Russia

E.L. Makhotkina (makhotk@mail.ru)l.N. Plakhind, A.B. Lukin®, A.N. Makhotkirt
1 A.V. Voeikov Main Geophysical Observatory, 7 KaHgw Str., 194021 Saint-Petersburg, Russia
'A.M. Obukhov Institute of Atmospheric Physics, FBASyzhevsky per., 119017 Moscow, Russia

Radiation energy of the Earth-atmosphere systefargely determined by the atmosphere
transparency. The most significant and long-terieinges in the atmospheric turbidity occur under
the influence of volcanic eruptions, relatively ghe under the influence of a smoky haze from the
forest and peat fires.

The results of the systematization and generatimatif data on the spatial and temporal
variation of the integral and aerosol atmospheuibitlity as above the whole territory of the
Russia and so above its separate regions overethed of 1976-2012. The object of the study
were the series of monthly and annual values diidity factor T, and aerosol optical depth AOD
for the major Russian regions: north, center anadthbsof the ETR, the Urals, Western Siberia,
north-east, center and south ATR and the Far HastdsT, and AOT were estimated. The
changes of monthly and annual value§pand AOT for the periods of 1976-2012 and 19942012
were examined. The total change @ and AOT in the series of the monthly values hagenb
received for a period of relatively high transpanerof the atmosphere (1994-2012 ) and are
presented as histograms and annual variat{dn) andA(AOT) (for the separate stations or for RF
regions).

Basic laws of the space-time distribution of tuityihbove the Russia can be summarized as
follows. During the concerned period, there is anplex pattern of temporal variations of
atmospheric turbidity. Changes T and AOT usually occur simultaneously as a ruld, AOT
changes faster thaf,. The highest transparency of the atmosphere igdlypor the northern
regions of both the Asian and the European pati@Russia.

Despite of the fact that the period under revie@7@-2012) is relatively short, it can be
divided into separate time interval, significandifferent in terms of the atmosphere turbidity.
Allocation of these periods was made accordinght dnalysis of annual and monthly series of
characteristics of atmospheric turbidity. For a#as can be pointed out that in general, agaiest th
background of significant interannual variability B, and AOT, the well-defined long-term time
trends exist. For the most part of Russia in tisé tlairty years there is a trend of a decreasg,of
and AOT. Since 1994 on the territory of Russia apheric turbidity consistently below normal,
indicating the purification of the atmosphere frtme atmospheric aerosol. In a period of relatively
high transparency in certain regions of Russiattbeds toward a slight increase of the integral
turbidity were showed out while a relatively lowé of the aerosol component existed.
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The Role in Climate Change of the Solar-Geom agnetic Activity Variations

S. Avakian (avak@soi.spb)iUN. Voronin
S.1.Vavilov State Optical Institute, St. Petershirgssia

The contribution of the main energy and naturaialality of factors — the solar-geomagnetic
activity to the current global warming is deterndné&or the first time the following data of space
monitoring are used simultaneously: 1) variationstlte most significant manifestations of solar-
geomagnetic activity — flares in X-rays and thengipal magnetic storms; 2) the global cover of
total cloudiness and on changes in the radiatidtenica of the Earth as a stream of values reflected
short-wave solar radiation and outgoing long-waadiation flux produced since 1983.

Comparison of these data allowed us to obtain t®saind qualitative and quantitative
evidence of the prevailing role of the secular eyad solar activity (with a maximum at the end of
XX—beginning of XXI century) in the current globabrming. The mechanism of this phenomenon
is due to the contribution of the greenhouse eféecthe optically thin clouds, the global cover of
which is controlled by just a degree of solar-gegnatic activity. Such clouds regulates the flow
rate of the outgoing long-wave radiation of the tkaio space in such a way that the current
recession phase of the secular cycle of solarigctiontribute to global warming will be reduced.

The analysis of data on the flare and geomagnetivity as a predictor of a number of
climatic characteristics, allowing to suggest polesiways to use the "solar signal” in weather
forecasts: a) taking into account the quasi-peridetected in 2-5.5 years in air temperature and
precipitation, b) taking into account available r(fexample, the 23rd cycle of solar activity)
correlation in the variations of the global covétaial cloudiness and low clouds to the variabpilit
of the solar constant.

The results of investigation show that:

— the main channel of influence of solar-geomagnatitivity on the climate and weather -
characteristics the global cover of optically tllbuds. This give an additional amount of flow of
the outgoing long-wave radiation into space from/m™? in the radiation balance of the Earth
during the passage of the secular maximum of sai@vity;

— the contribution of the "solar signal — the fastof increased solar-geomagnetic activity" in
global warming is the end of XX-beginning of XXlrtary — prevails, and to man-made
greenhouse effect gases contribute to 2.633Nassessment of the Intergovernmental Panel on
Climate Change) plays a very minor role;

— the main anthropogenic contributions (6.3 Wris associated with large-scale abiotization of
dry land and deforestation in the past few decades;

— the contribution to global climate change of sléar constant values variations (around 0.1%,
which is about 0.3 Wiy taking into account the sphericity of the Eaithinsignificant.

On Additional Influx of Solar Energy in the Geosphere

G.A. Nikolsky (gnik777@mail.ru
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

From the analysis of the results of our observatamd works [1, 2] an idea crystallized about
the composition of the total flux of solar radiatjcsources and mechanism of coherent quantum
force fields of different nature in the convectinane and the solar atmosphere. We have now
considered the triumvirate of solar power fieldsavitational, electromagnetic and vortex that
actively interact with the objects and subjectthi geosphere. In other words, we live in a rapidly
varying composition of three surroundings: gravyimmment, EMR-environment and the vortex
environment. At this stage, the focus of the repuitt concentrate on the solar spiral vortex
environment.

When the Earth is covered by a collimated beampofiksvortex radiation (SVR) emerging
from the shadow of a large sunspot, an additionglkex flow of energy to the system "atmosphere-
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the underlying surface”, in some cases, in periofdbigh solar activity reaches ~ 5%@rg/s.
Comparing the flow of SVR with the influx of EMR.{%-16" W or 1.75-1& erg/s), we find that

in the years of maximum solar activity (SA) the SWflux to the Earth can reach 36% from the
influx of integrated electromagnetic energy for gexiod covering. Thus, the incoming part of the
radiation balance of the Earth implicitly acquitbe 11-year-old SVR-component. In addition, this
component is additionally imposed by the periodmmponent of the SVR, defined by the
appearance on the solar disk during the high SAtegal coronal holes (CH). These regions may
occupy huge areas on the disk and emit a quasimatétd streams of SVR, creating besides than
immediate fluxes of vortex energy, the supersonatars wind streams that through the
magnetosphere and ionosphere of the polar regimigectly (through the corpuscular streams)
transfer to the lower layers of the atmospherethadceans the vortex energy emanating from the
magnetic structures of the CH. Another componenthef SVR is generated in the magnetic
structures that limit supergranular cells of theoahospheres network, covering the latitude zone of
+ 40°. The magnetic structure of the grid — vettimagnetic tubes disposed along the granulation
cells. The diameter of these tubes reaches 1,000akih the number exceeds®1@nder the
influence of the vortex field, plasmoids are ejdcfeith the period of 10-20 min, like pistons) and
then passed by SVR solitons going off into thedsglhere (including the Earth). This mechanism is
called spicular and ranks second in importancetdude fact that solitons (compressions) of the
SVR in spicules consist of coherent fields. Amoniguanber of less significant components of the
SVR, we should pay attention to the backgroundrdmution of the many millions of photospheric
granules which present always and everywhere irplimtosphere. Since the background flows of
SVR (carrying up to a few tenths of a percent ef ¢éimergy EMR flows) that continuously intrude
in the geosphere, then in the cloud layers of thaphere, they undergo considerable energy loss.
When SVR flows are followed on the hydrosphere déititbsphere, where the efficiency of
interaction with the substance of the SVR incredsean order, they are left in these parts of the
geosphere to 1.5% of the received vortex energg. ddtumulation of energy (at constant filling
losses) obviously must lead to dynamic perturbatbrthe hydrosphere and the interior of the
geoid with increasing solar activity (and SVR). &rthe background flows of SVR (carrying up to
a few tenths of a percent of the energy EMR flothg} continuously intrude in the geosphere, then
in the cloud layers of the atmosphere, they undeogsiderable energy loss. When streams of SVR
follow further to the hydrosphere and a lithospheteere efficiency of interaction of SVR with
substance increases much, they leave in theseqiaatgeosphere to 1.5% from the arrived vortex
energy. Energy accumulation (at continuous congmenf losses), obviously, has to lead to
dynamic disturbances of the hydrosphere and intaneas of a geoid in process of growth of solar
activity (and SVR). These tendencies are notedimvithe last century that doesn't contradict the
violation of radiation balance between the plamet the space observed in the last decades (growth
of average annual values of radiation balance athfzaReally, our "civilization" is finally
reconstructed on an ecological disruption way, aldhis occurs with a continuous growth of
concentration of greenhouse gases in the atmospb@mplicating return in space of surplus of
internal energy collecting in a geosphere. Appdyemeasures for urgent decrease in weight of

greenhouse gases are necessary for fight againstingain Earth atmosphere.
1. Kondratyev K.Ya., G.A. Nikolsky. Further aboutpact of Solar Activity on Geospheres. Il Nuoven€nto
(della societa italiana di fisicaeeophysics and Space Physi2806,29 C, 6, 695—701.
2. Nikolsky G.A. The most probable sources of vortécrowave radiation on the Sun. Effects of theipact
on geosphere®roc. Inter-Regional Symp. «Ecology and Spa&e® Feb. 2012. SPb: SPbSU, 2012, 374—
387.
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New Global Short-Wave Radiation Climatology fr om VOS based on Highly
Accurate Parameterization

Marina Aleksandrova, Alexey Sinitsyn (sinitsyn@sasgk.ru) Sergey Gulev
Shirshov Institute of Oceanology RAS, Nakhimovebgpect 36, 117997 Moscow, Russia

The talk will revisit the computation of short wavadiation at sea surface using VOS
observations of cloud cover and meteorologicalestariables. For the development of new
climatology of SW radiation we used newly desigpadameterization based on 4 years of in-situ
observations in the Atlantic Ocean. Parameterinatay the first time accounts not only for the
cloud amount but also for the forms of clouds tisatritical under overcast and nearly overcast
conditions. New parameterization was for the fitishe applied to the VOS meteorological
observations (available from the latest updateaC@ADS collection) on individual sample basis. In
order to avoid the impact of inhomogeneous distrdouof observations in time (resulting in strong
biases and precluding the use of similar paranestions for climatological computations) we used
multiply computations with virtually rotated timeorf every VOS report. Climatology of SW
radiation for the period from 1950 to 2011 has bewarcompared with reanalyses and satellite
radiative products. Furthermore, a comparison wasrfopmed with alternative SW
parameterizations. Accounting for cloud types a#idwor the identification of specific features of
insolation at sea surface in the eastern parteebtean. Generally global mean insolation in our
new climatology tends to be 1 to 5 \¥smaller compared to the estimates based on aitena
parameterizations. Using new climatology we analysianate variability in short wave radiation
fluxes including estimates of long-term trends ardillating shorter-term interannual modes.

The First Results of Net Radiometer Kipp & Zo nen Measurements in
MO MSU: Error Estimates and Comparison with O  bservations by
Actinometric Network Devices

Ye.V. Gorbarenko (catgor@mail)iure.l. Nezval, V.A. Rosenthal, N.Ye. Chubarova,

O.A. Shilovtseva
M.V. Lomonosov Moscow State University, Facult@ebgraphy, 1 Leninskye gory, 119991 Moscow, Russia

In Meteorological Observatory, Department of Metéogy and Climatology, Faculty of
Geography, Moscow State University (MSU MO) sin@b4 the radiation balance components
(RB) measurements are carried out the with standatdork devices. In recent years, range of
observation expands. During the 2008-2012 downwargwave radiation (DLR) was measured
with precision pyrgeometer Eppley (model PIR). 8ilday 2012 the widely used net radiometer
CNRA4 by firm Kipp & Zonen has been introduced te thutine work, which measures the value of
net radiation, and the radiation of the upper aweel hemisphere in the short-and longwave range
of the spectrum. It is allowed not only to obtdme thew data, but also provided an opportunity to
compare the results of measurements of nation&luments and devices that are used in many
countries around the world.

The accuracy of the DLR measurement by net radiem&@NR4 based on parallel
observations with pyrgeometer Eppley, which measerg error was only 2—3 W fn have been
evaluated. It is shown that the DLR measurementdentsy net radiometer CNR4 overestimate
downward longwave radiation by approximately 9+188@ WmZ. Also, there are quite significant
DLR changes during atmospheric precipitation, wkiee measurement error by CNR4 reached
30% or more. Note that this problem can be solwethétalling the fan device into this model unit.
The DLR values obtained by the pyrgeometer Eppiel/the DLR measurements by standard net
radiometer M-10m at night time with taking into aoat the calculation of natural surface radiation
are close (the difference between them is withfeva percent). The maximum difference for the
mean hourly DLR values did not exceed the accuchayet radiometer M-10m, which is 15%. The
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objective of the study also was to assess the lpbgsiof M-10m net radiometer replace by net
radiometer CNR4 during further radiation budget itaying at MSU MO.

When you change type of device it is extremely ing@t to preserve the uniformity of
observations. According to the instruction RD 5262-96 the standardized RB measurements are
made without direct radiation. To get the full @en budget direct solar radiation, which is
measured by heliostat mounted on the MSU MO readdided to RB value. Net radiometers CNR4
and M-10m were installed at the meteorological giid a natural covering at a distance of about
10 m from each other. During a day, there are dernghen instruments shaded. Comparison of the
measurements of shortwave fluxes has revealedteaneely important role of shadowing features
of the MSU MO meteorological site. During the stuthe estimation of device shading conditions
during daytime was done. We compared the hourlydailg sums of shortwave radiation in winter
and summer at various cloud conditions obtainethbynet radiometer CNR4 and standard network
devices. Under overcast sky the difference in dampounts of shortwave radiation was 3-5 %. On
a clear and partly cloudy days the difference anrty sums reaches 50% at separate hours (under
different shading device), and in diurnal sumsaréases to 25%.

Climatic Solar Energy Resources in the Moscow Region

O.A. Shilovtseva (shil_o@mail.yuYe.V. Gorbarenko, Ye.l. Nezval, G.M. Abakumova
M.V. Lomonosov Moscow State University, Facult@ebgraphy, 1 Leninskye gory, 119991 Moscow, Russia

This report summarizes the results of solar rashiatimonitoring in Meteorological
Observatory of Moscow State University (MSU MO) idgr 1955-2007. Based on these
observations, the climatic resources of the totegral (IR, 300-4000 nm), ultraviolet (UVR, 300-
380 nm) and photosynthetically active (PAR, 380-ifd) solar radiation were estimated, and the
average climatic values of sunshine duration, serf@bedo and net radiation or radiation budget
(RB) were obtained. The analysis of the time valitgbof these characteristics and the factors
determining them was done. For comparison, thdtsesfithe radiation observations in the suburbs
were also used.

The empirical model of solar radiation in cloudlegsosphere was developed. A set of
equations allowing to evaluate IR, UVR and PAR urdifferent conditions (sun elevation, aerosol
optical thickness, surface albedo) and for differéme intervals — a month, warm (May-
September) and cold (December—March with snow ¢@aods — was obtained. The influence of
volcanic and smoke aerosols, as well as the ditypgmct on the total radiation in different parts of
the spectrum was analyzed. Based on the hourlyaloenitoring (since 1965), and basic standard
meteorological observations every 3 hour (since4l®e cloudiness regime was studied in detalil.
Considerable attention was paid to the parametesizaof the integral, ultraviolet,
photosynthetically active radiation in the overceshditions. The influence of overcast sky with
various cloud form on the quantity and the spedistribution of solar radiation was evaluated.

The indirect estimation methods, which allow toidefPAR and UVR in the regions where
there are no direct observations of them, were Idped. The shares of PAR and UVR in total
integral radiation (qf, quv) were examined. A detianalysis of qf and qufr dependence on solar
elevation, aerosol optical thickness and clouds aaee. The peculiarities of qufr changes in pure
air and in the presence of a smoky haze have baesidered. We also discuss the opportunity to
evaluate total IR and PAR by sunshine durationngyshe obtained approximations, the monthly
sums of PAR during the vegetation period for défdrregions of the European part of Russia have
been calculated. The summarized data on surfa@g@lbnd reflected shortwave radiation have
been represented. Daily and annual course thesanptars and the statistical characteristics of
their variability were analyzed.

For the first time the results of long-term obséoses of the surface radiation budget have
been systematized and generalized. Climatic nofrBchave been calculated and their variability
(daily, annual, interannual) have been evaluatde: dorrelations between RB main components
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and factors that determine their variability hawe®ib received. The probability of a daily RB sum
occurrence during a year is determined.

Trends in radiation parameters of the atmosphadu@ing 2012), representing the modern
climate change, as well as the relationships oftexh balance components on their determinants
are analyzed. This is the first generalizationwfhsprolonged and complex radiation observations
in the Moscow region.

Regional Features of Climatic Changes in the Components of Surface
Radiation Budget over Russia

Elena Khlebnikova, Irina Sall, Valentina StadnikaDa Trofimova (sun@main.mgo.rssi.ru)
A.V. Voeikov Main Geophysical Observatory, 7 KaneysStr., 194021 Saint-Petersburg, Russia

The long-term changes as well as decadal changég icomponents of the surface radiation
budget with taking account of the observationahdgt to 2012 are considered. In contrast to the
radiation fluxes at the top of the atmosphere, tiaite measured by modern satellite systems, the
primary source of data to monitor the componentshef surface radiation budget are series of
ground-based solar radiation observations. At tkegnt time the climate monitoring system for the
territory of Russia includes the regular analydismonthly, seasonal and annual totals for both
global and direct surface solar radiation whichh@sed on the observational data from Russian
actinometrical network stations.

The changes in surface solar radiation for thefiastdecades have certain characteristics that
make unrealistic to use a linear model for the whaterval. In the late 80's—early 90's. 20c. in
Russia there was a reduced income of solar radidtidhe last decade of the 20th century, a gartia
recovery was observed, so the values had becomnse tbonormal. These patterns of long-term
changes have been also observed in other patte gfidbe and are known as "global dimming and
brightening”. However, in recent years — in thdyeatth century — in Russia some specific features
in change of direct and total radiation were found.

The results of the analysis for tendencies andratechange in radiative fluxes (direct and
global radiation) over different parts of the perib961-2012 are demonstrated. In addition to it
similar results on total cloud cover change aresgivihe above estimates are discussed in the
context of climate change in relevant charactesstit the global level.

The Relationship between Surface Temperature a nd Heat Balance
Elements over the Territory of West Siberia

E.V Kharyutkina (kh_ev@mail2000.yul.l. Ippolitov, S.V. Loginov
Institute of Monitoring of Climatic and Ecologic8lstems SB RAS, 10/3 Academichesky ave., 63405%,Tom
Russia

In this study the variability of spatial and tem@lodistributions of temperature and
atmospheric pressure is investigated for the teyriof West Siberia (50-70°N, 60—-90°E) for the
period of 1975-2012 using observational data aearetogical stations.

In the beginning of XXI century the tendency of elecate of surface temperature increase
over the territory of West Siberia is observedwds obtained that in winter months during last
decade the process of warming was changed by tuegs of cooling, especially in the center and
in the east part of West Siberia. The most impaortate in the weather and climate formation
belongs to radiative and heat balance elementeaurface. Also clouds contribute to both heating
and cooling of climatic system.

The main purpose of this study is to investigat gpatial and temporal variability of heat
balance elements and cloudiness in the period afafjlwarming 1979-2012 and to reveal the
relationship between air surface temperature, ahesd and heat fluxes for the territory of West
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Siberia. The average fields of radiative and heddrite elements and clouds, the fields of their
linear trends were calculated and constructed ulRA}25 and MERRA reanalysis datasets.

To determine temperature variability over West 8&hewve used a regression model, which
relates surface temperature anomalies with shorewadiation anomalies, longwave radiation
anomalies, calculated for clear sky, anomaliesit@t, sensible heat, heat flux into the ground, an
with cloudiness anomalies. These anomalies destnalbe 22% to 81% of temperature variability
in different months. We also estimated the roleeath cloud level in temperature variability. In
addition, the influence of circulation processesamperature regime in Siberia was revealed.

Correction of Aerosol Optical Thickness Succes  sion Under Strong
Atmospheric Turbidity

E. Gorbarenkb(catgor@mail.ru)A. Ruble
'M.V. Lomonosov Moscow State University, Facult@ebgraphy, 1 Leninskye gory, 119991 Moscow, Russia
“State Research Center of Space Hydrometeorologgnth”, 7 B.Predtechensky per., 123242 Moscow, iRuss

Since 1955, observations of atmospheric aerosdbiditly have been carried out by
Meteorological Observatory of Moscow State UnivgrgMSU MO). The aerosol optical depth
(AOD) for the effective wavelength of the solar sfpem at 550 nm is used as an indicator of
atmospheric turbidity. It is calculated from mea&suents of direct solar radiation by standard
actinometer with a 10 degree angle. For more tifanyfears the climatic normals, as well as the
limits of AOT variability due to natural and antipagenic factors have been evaluated. Under high
turbidity conditions, the AOT estimates are undsest because of diffused solar radiation falling
into an actinometer.

The goal of this study was to readjust the existitighnate normals and AOT long-term
climatic trends taking into account the impacttustfactor. The calculations of AOT amendments
were performed by the interpolation scheme develameng the AOT itself and the Sun angular
height for the continental aerosol model. It isiddde to introduce such amendments with AOT
value at approximately 0.5. Such values of AOT wymcally observed in extreme situations,
especially in smoky plumes from forest fires or @ndadverse meteorological conditions
(inversions, calm, etc.). In Moscow for the enpiegiod of 1955-2012 such cases amounted to just
7% of the total. The correction taking into accoscattered radiation has been made for monthly
and annual averaged AOT values for all the daysnwh®T exceeded 0.5 during the period of
1955-2012. Significant changes to the monthly sotedve occurred only in the months of smoky
haze in 1972, 2002 and 2010. These changes rarmadbfb6 in July 2010 to 45% in August 2010.
Average annual values increased by 5% in 19721B% th 2002, by 20% in 2010. Averaged long-
term monthly values for the period of 1955-2010nged only for the August values raising from
0.24 to 0.25. The average long-term annual valuer dkiis period remained unchanged. A
significant decreasing trend in AOT continued thlgloout this period with the same degree of
certainty.

Radiation Monitoring in the Kandalaksha Bay o f the White Sea in the
Winter of 2013

O.A. Shilovtseva_(shil_o@mail.ruM.l. Varentsov, P.S. Verezemskaya, Ye.V. Gorbkoen
M.V. Lomonosov Moscow State University, Facult@ebgraphy, 1 Leninskye gory, 119991 Moscow, Russia

The radiation budjet (RB) of the system “surface@dphere” - the main factor
characterizing the energy exchange at the earface. Its study is extremely important now in
the Arctic regions, as it is evident now a closareztion, for example, between the temperature in
the Arctic, decreasing ice cover of the Arctic Qctemnd the weather in Europe. However, the
number of observation points of RB in the Arcticmall.
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The results of radiation measurements during thetewiexpedition of Science Student
Society of Meteorology and Climatology Departmeht®U are discussing. They were held at the
White Sea Biological Station (BBS), Faculty of Rigly, MSU, located in the south-west coast of
the Kindo peninsula, Kandalaksha Bay, from 28 Jant3 February 2013. Tasks of the research
— the evaluation of the radiation regime of undedysurface in winter at the latitude of the Arctic
Circle. The structure of the observations was itetl total and reflected shortwave solar radiation
(IR, 300-3000 nm, pyranometers CMP-21 by KIPP & ZDNand M-80m), long wave fluxes
from the sea surface and atmosphere (4500-4200@yngeometers CGR-3 by KIPP & ZONEN),
the visible solar radiation (PAR, 400-700 nm, quamsensor LI-190SL by LI-COR), and the total
and reflected natural illuminance of the earthidage (NE, photometer LI-210SL by LI-COR).

During the day, there was mostly overcast weath#ér low level clouds, the presence of
which greatly weakened the incoming solar radiatiotil 70-80% of IR and 40-70% of PAR.
Maximum incoming solar IR does not exceed 623 MJ/Fhe contribution of the visible radiation
to the total IR reached 60-70% with stratocumulosds, increasing to 75-77% with nimbostratus
ones. The natural illumination at midday time vdrfeom 3-4.5 klx, decreasing to 1-2 kix with
nimbostratus clouds.

During the expedition, there was the strong inflolvwarm air from the Atlantic. This
resulted in the increase in air temperature frof € up to + 0.8° C during the day. At the same
time the long wave RB became a positive within ddrk and has reached 3 M3/Buring this
period the intensive destruction of sea ice wasmofesl. Near the BBC is located not freezing
polynya, which area due to such a powerful inflodlwarm air has increased more than doubled.
This has led to a decrease in sea ice albedo by {4 72.5% to 58.4%) and to the
corresponding increase of the absorbed radiatiomm f111 to 1493 MJ/fa Though, the snow
albedo on the coast was extremely high: 82-91%tHerintegral radiation and 83-97% in the
visible region of the spectrum. Total radiation getd(hourly sum) ranged from — 127.3 M3/rto
23.3 MJ/n.

Thus, moist and warm marine air entering the Arctgions, leads to the increase of counter
radiation of the atmosphere, which leads eventualihe positive values of the total net radiation,
even in the middle winter season. The conditionsabfiral daylight close to the twilight.

This work was partially supported by the Russianrfé@ation for Basic Research (projeé&t11-05-
01044).
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SESSION 6. "STUDIES OF RADIATIVE CHARACTERISTICS OF ATMOSPHERE
AND SURFACE"

Chairman: Prof. N.F. Elansky (IFA RAS, Moscow)
Co-chairman: Dr. E.l. Grechko (IFA RAS, Moscow),
Dr. F.V. Kashin (RPA “Typhoon”, Moscow)

A Combined Experiment on the Measurement of Atmospheric Parameters
on May 22, 2012 in Tomsk

G.G. Matvienkd, B.D. Belar}, M.V. Panchenkf S.M. Sakerih D.M. Kabanov,
S.A. Turchinovich, Yu.S. Turchinovich T.A. Ereming, V.S. KozloV, S.A. Terpugova
V.V. Polkin', E.P. YaushevaD.G. Cherno¥;, S.L. OdintsoV, V.D. BurlakoV, L.N. Sinitsa,
M.Yu. ArshinoV, G.A. IvleV}, D.E. Savkin, A.V. FofonoV, V.A. Gladkikh, A.P. Kamardin,
D.B. Belarl, M.V. Grishaev, V.V. BeloV}, S.V. AfonirT, Yu.S. Balif, G.P. KokhanenKop
|.E. Pennér, S.V. Samoilovg P.N. Antokhiri, V.G. Arshinova, D.K. Davydov, A.V. KozloV,
D.A. PestunoV; T.M. RasskazchikovaD.V. SimonenkoY; T.K. Sklyadnevg
G.N. Tolmachel; S.B. Belan, V.P. Shmargundy B.A. Voronin® (vba@iao.ri,
V.l. Serdyukov, E.R. PolovtseVaS.S. VasilchenKp S.V. Smirno¥, E.T. Chemekova
M.A. Boltovskay&, M.V. PakhmesterovaN.S. Terskova S.V. ZueV, E.V. Sharabarin
A.V. DutoV?, S.Yu. Zoloto?, M.V. Makarovd, A.S. Safato};, A.S. Kozlov, S.B. Malyshkin,

T.A. Maksimova
V.E. Zuev Institute of Atmospheric Optics SB RA&;ademician Zuev sq., 634021 Tomsk, Russia
?Institute of Monitoring of Climatic and Ecologicalystems SB RAS, 10/3 Academichesky ave., 63405& Tom
Russia
3saint-Petersburg State University, Physics Facultylyanovskaya ul., Saint-Petersburg-PetrodvorRisssia
“State Research Center of Virology and Biotechngltiggktor”, Koltsovo, Novosibirsk reg., 630559, Riss
®Voevodsky Institute of Chemical Kinetics and Coribu$SB RAS, ave. Institutskaya 3, Novosibirsk0880
Russia

The work is devoted to the description of the peatd and the hardware- methodical
maintenance of the combined experiment conducte2Rdb5.2012, based on the IAO SB RAS. The
main goal of the experiment is to determine thaig® possible number of atmospheric parameters
with the use of the aircraft-laboratory and theugiah-based complex of optical acoustic sounding
and contact measurements of atmospheric chardicteriall the obtained information is accessible
on demand at authors.

To investigate the vertical distribution of compimsi of climatically significant components
of the troposphere we used the analytical compfeggaipment on board of the Tu-134 “Optik”
aircraft laboratory. In the measurements of veltigtribution of main greenhouse gases the
precision gas-analyzer Picarro G2301-m-,COH, and HO was used. The ozone concentrations
were determined with the use of UV photometric gaalyzer Thermo Environmental Instruments
(TEI) Model 49C. For retrievals of the verticalwstture of distribution of atmospheric aerosols we
used the diffusion aerosol spectrometer (DAS) &eddser aerosol spectrometer Grimm#1.109. In
the course of the experiment the measurements wexde at TOR-Station, at the Basic
Experimental Complex, at the observatory “Fonovaydth the use of meteorological, gas
analytical, aerosol complexes and radiosondes WaiB®2SGP. The aeroions and gamma-
background were also measured. Under regular pgreonditions the measurements were made
of microphysical aerosol characteristics in theugiblayer at the stationary Aerosol station and the
integral characteristics (aerosol optical thicknegneral moisture content) were determined using
the multiwave sun photometers CE 318 and SP.

Lidar measurements of vertical structure of aerdsapospheric fields were made using the
stationary multifrequency lidar “LOSA-C” at thresskr wavelengths 355, 532, 1064 nm at the laser
pulse repetition rate 20 Hz and the duration 10The. satellite data on atmospheric characteristics
were taken and processed with the use of a 2.4XtBnaa system of IAO SB RAS from the
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satellites Terra, Aqua and MetOP-A. The diagnosticthe atmospheric boundary layer was made
using the ultrasonic meteorological stations “Me28cand the three-channel acoustic Doppler
sodar “Volna-4”. At the Siberian Lidar Station weeasured the nitrogen peroxide content in the
atmosphere at twilight. Moreover, the solar speegteae recorded with the use of the Fourier
spectrometer Bruker-125M. On the base of the gemipaly observatory of the Institute of
Monitoring of Climatic and Ecological Systems SB ®RAthe instruments such as the
Meteorological Observer and the Automatic Meteggmal Data Measuring System and also the
Multichannel mean resolution filter Radiometer NHUW/-6T and the panoramic sky observer have
been in operation.

The work has been fulfilled under support of thegpams of Presidium RAS N 4, N3,9 and N22.5,
the program RAS N3.10 and N5, interdisciplinaryetimation projects SB RAS N35, N70 and N131, grants
PFFI N11-05-00470, N 11-05-00516, N11-0593116, N%1493118 and 11-02 93112- NtsNIL, State
agreements of Ministry of Education and Science.Bll8.11.7063, N 11.519.11.6033, N11.519.11.5009, N
11.518.11.7045, N14.515.11.0030, and N8325, grebht8) 11.37.28.2011.

Preliminary Results of Sun Photometer Measurem  ents during 58th
Russian Antarctic Expedition

S.M. Sakerih (sms@iao.ry)D.M. Kabanov, Yu.S. Turchinowih®, A. SmirnoV,

B.N. Holberf, N.I. VlasoV, K.E. Lubo-Lesnichenko V.F. Radiono¥, A.N. Prakhov
V.E. Zuev Institute of Atmospheric Optics SB RA&;aldemician Zuev sq., 634021 Tomsk, Russia
’NASA Goddard Space Flight Center, Greenbelt, ManyJdJSA
3Arctic and Antarctic Scientific Research Institu88, Bering Str., 199397 Saint Petersburg, Russia

The activization of research into the atmosphegiosol optical depth (AOD) over the ocean
during last decade favored the creation of marithBRONET site [1] and the use of the portable
sun photometers Microtops Il [2] and SPM [3] in edfiion measurements. This report addresses
the measurements of AOD and atmospheric moistunéeng which were performed during the
58th Russian Antarctic Expedition (RAE) along theutes of “Academician Fedorov” and
“Academician Treshnikov” scientific expedition vets (SEVs), as well as in the region of Mirny
Station in Antarctica. The main attention was gaithe following questions:

1) discussion of results of intercalibration ofersun photometers (Microtops, SPM, and
ABAS), performed at the Mirny Station;

2) analysis of specific features of latitude vaoas in AOD and atmospheric moisture content
along the routes of the two SEVs (along the caaisédrica and America);

3) comparison of the statistical characteristicA@D, measured at the Mirny Station and
onboard SEVs near the coasts of Antarctica; and

4) estimation of the interannual and seasonal trans in atmospheric AOD in Antarctica.

This study was supported by the program of basiearch of the Presidium of Russian Academy of
Sciences no. 23 and with the use of the uniqueallaibn, namely, the scientific expedition vessel
“Academician Fedorov”’ under the state contracthaf Ministry of Education and Science of the Russian

Federation no. 16.518.11.7093.
1 Smirnov A., B.N. Holben, I. Slutsker, et al. Marie Aerosol Network as a component of Aerosol Rigbo
Network.J. Geoph. Res2009,114, D06204, doi: 10.1029/2008JD011257.
2. Knobelspiesse K.D., Pietras C., Fargion G.Sa].d¢laritime aerosol optical thickness measurethdrydheld
sunphotometerf2em. Sens. Envirar2004,93, 87-106.
3. Sakerin S.M., Kabanov D.M., Rostov A.P., etsaln photometers for measuring the spectral atmoisphe
transparency under stationary and mobile conditidtra. Oceanic Opt2012, 25, 12, 1112-1117.
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Variability of the Atmospheric Aerosol and Op  tical Parameters in the
Northern and Southern Polar Regions after the Year 2000

E.N. Rusina (rusina@aari.tly.F. Radionov, E.E. Sibir
Arctic and Antarctic Scientific Research Institud8, Bering Str., 199397 Saint Petersburg, Russia

The paper presents the results of the analysiseodtmospheric aerosol optical depth (AOD)
and Angstriim’s exponent] in the Northern and Southern polar regions dfteryear 2000. These
data were collected at the international AERONEAtiehs. We also present the analysis of the
measurements of the total optical depth (TOD) at Russian polar stations as well as at the
Russian mid-latitude background monitoring stationge analyzed the inter-annual and intra-
annual variability of AOD in the Arctic and the Aanttic. The mean monthly AOD at the Antarctic
AERONET stations were not higher that 0.05 durimg time period under consideration, which is
in agreement with our previous results. At the &retations the mean monthly AOD was usually
below 0.15 except for several isolated cases.

A substantial increase in the mean monthly and nssmsonal AOD was registered at the
majority of the Arctic AERONET stations in 2009. i$hphenomenon was not observed in the
Antarctic in 2009. The meamr at the Arctic AERONET stations after the year 2008s
1.34 + 0.18, which corresponds to the average Value in normal, unperturbed conditions of the
atmosphere.

Measurements of TOD at Russian polar stationsdrAtictic and Antarctic, collected after the
year 2000, were analyzed too. Mean monthly TODhatAntarctic stations did not surpass 0.2; at
the Arctic stations the values were twice as higti eeached 0.4. It was found that in a few cases,
when this limit was exceeded at Arctic stations,cdauld be attributed to the influence of
anthropogenic factors including local sources afagpheric pollution. TOD values obtained at the
Russian Arctic stations were compared with the esponding data of the Russian mid-latitude
background monitoring stations of the atmosphere.ddalysis showed the similarity of the values
measured at both types of stations. Long-term lgitia of the relative anomalies of TOD at the
stations with the longest periods of observatioas aiso analyzed. We evaluated the influence of
volcanic eruptions on the characteristics of thes@ optical depth at the Polar Regions and on the
total optical depth of the atmosphere at the miilldide stations. No statistically significant trend
of AOD and TOD were found at both the Northern &odithern polar stations and the mid-latitude
stations of background monitoring of the atmospliemng the period in question.

Behavior of Surface Ozone and Its Precursors in Obninsk in Anomalous
Summer of 2010 as Compared to Summer of 201 1

N.V. Tereb (tereb@typhoon.obninsk.ru.l. Milekhin, V.L. Milekhin, V.D. Gnilomedov,

D.R. Nechaev, L.K. Kulizhnikova, V.V. Shirotov
Research and Production Association “Typhoon”, bBdy Street, Obninsk, 249038, Russia

Measurements of the surface ozone (one of the nmpbrtant greenhouse gases)
concentrations, components of nitrogen oxides ozoywte (NOX), ozone precursors — carbon
monoxide (CO) and the sum of non-methane hydrocerlas well as the aerosol optical depth and
fluxes of ultraviolet solar radiation obtained itri@nsk (55.1° N, 36.6° E) in May—September 2010
and 2011 are presented analyzed. The followingunstnts were used for the measurements: an
automatic station of atmospheric contamination idmi-28 (the data of devices F-105, K-100, P-
310A and Gamma-ET were used), a Brewer-MKII sp@ttobometer and an ozonometer TEG-49
During the measurements the measurement complire dfligh Meteorological Mast (HMM-300)
was also used. The measurements were mainly pextbrah the HMM-300 experimental site,
excluding the measurements of surface UV-radiafioxes and aerosol depth made in the main
territory of RPA “Typhoon”.

109



The connection of the atmospheric temperature aaximal daily mean hourly surface; O
values in May—-September 2010 is characterized higleer correlation coefficient as compared to
May—September 2011 — 08205 against 0.60.07. All the maximal daily mean hourly surface
O3 concentrations, except three days in August 2068rmwair masses brought anomalously dense
smoke from the region with forest fires, fall with®5% of the forecasting level for the connection
with the surface temperature. In 2011, such anfglbut of the forecasting level for the connection
with the surface temperature was on 02 June, leu¢ thras no smoke at that time.

Increased surface concentrations @fi®Obninsk in July—August 2010 as compared to the
similar period of 2011 were caused by higher cotrations of the compounds-ozone precursors.
Several very high surfaces@oncentrations in August 2010 exceeding 200 mamug? and not
registered during the whole observation period @42-2011 in Obninsk (single values of 212.5
microgram/ni (on 01.08.2010), 207.4 microgram/(94.08.2010) and 211.7 microgranijnvere
caused by the arrival to Obninsk of air masses filearregions of bog and forest fires resulting in a
sharp growth of NOx, CO and hydrocarbons surfaceeatrations. The surface CO concentration
increased especially — almost by 40 times as cozdpaith a mean value registered in May—
September. Also, the solar insolation significantlgcreased due to smog, did not block the
generation of very high surface concentrations @f B2cause of the smog, the correlation
coefficients between mean daily (9—17 hours) comagans of surface ozone and daily dozes of
UV radiation for 2010 appeared significantly lowlean in 2011 — 0.56 + 0.07 against 0.74 = 0.05.

It has been noted that: a) in the stable atmospherappearance of increased maximal daily
values of surface Oconcentrations in May-September was more likegntin the unstable
atmosphere (in 2011 it was more evident: 25.3%nsg@3.5% in 2010 and 34.2 against 10.7% in
2011); b) the dependence of the appearance of naadiaily mean hourly concentrations of surface
ozone, exceeding 160 microgranmi/mon the velocity of the surface wind is likelyhe of a bell-
shaped and not of a monotonous character; ¢) maxiaig mean hourly surfaces@oncentrations
in May—September positively correlated with the @épheric absolute humidity in contrast to 2011,
when there was no correlation.

Features of UV Irradiance in the Conditions of Abnormal Continuous
Fumigation of the Atmosphere by Forest Fires

S.V. Smirnov (smirnov@imces y,uP.M. Nagorsky, L.I. Ippolitov
?Institute of Monitoring of Climatic and Ecologicalystems SB RAS, 10/3 Academichesky ave., 63405& Tom
Russia

Results of the data analysis of ultraviolet (UV)etvations carried out in the conditions of
strong continuous fumigation of the atmosphere gegad by vast forest fires in the Tomsk and
Krasnoyarsk regions in June—August of 2012 areessmted. The observations are a part of
complex environmental monitoring operated in thepdg/sical observatory of IMCES SB RAS.
UV measurements are carried out by means of mahicel moderate-bandwidth filter radiometer
NILU-UV-6T. The radiometer measures UV irradianaé$ive channels with center wavelengths at
302, 312, 320, 340 and 380 nm. The channel bandsvigite approximately 10 nm at FWHM. In
addition, a sixth channel measures photosynthetigearadiation (PAR) in the wavelength region
400-700 nm. The instrument has a built-in circdlata logger with capacity of storing 3 weeks of
one-minute averages of the measured irradiancesh&ndetector temperature. A data acquisition
software transfers measured raw data to the canpatd disk and can display on-line raw data as
well as historical raw data. A data processingvearfe calculates the mean and maximum dose rates
and integrated daily dose of UV-A (315-400 nm), BM280-315 nm), PARCIE- and CLW-
weighted irradiance. The software also providesidltransmission assessment at 340 or 380 nm
and total ozone column.

Such strong continuous fumigation of the atmospiretbe Western Siberia was determined
by abnormal weather conditions. So, during maxifualigation observed in the end of July, 2012,
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when meteorological optical range decreased atstimseveral hundreds and even tens meters, the
weather pattern in the east part of the Westerarkilhas been caused by low-gradient depression.
The surface temperature in Tomsk variated from 1at°Qight to 29°C in the afternoon, the wind of
northern direction was weak (1-3 m/s), and pregijph was absent. As have shown observations,
abnormal fumigation affects on spectrum of incoming and PAR, reducing a radiation rate more
than in two-three times in comparison with norm@ahd UV radiation is decayed much more
strongly than PAR (by ~ 50 %).

The investigation was executed within the framewofkVI1.63.1.1 and VIII.77.1.1 programs of
fundamental scientific researches of the Russiaad@my of Sciences.

Experimental Studies of Radiation of the Atmo  spheric Background in the
Range of 8-13 Microns

I.V. Yakimenko (Jakigor@rambler.ruM.V. Zhendarev, D.A. Gurchenkov,

A.S. Nabatchikov, A.M. Mishchenko, E.V. Naidyonov
Smolensk Affiliate of Moscow Power Engineeringittst, 1 Energetichesky pr., 214013 Smolensk, Russi

The previous statistics for the experimental redean spatial and time structure of the
atmospheric infrared-band (IR) radiation fluctuasovere incomplete. These studies were carried
out sporadically, for certain types of cloud amoand in accordance with measurement techniques
which vary among researchers. The choice of teciesigis based on the aims, equipment
capabilities which are difficult to project due twnsiderable methodological and technical
problems. For this reason a new technique of ewparial research of radiance fluctuation patterns
for different types of atmospheric backgrounds (ABthin infrared wavelengths of 8—18n was
created. The research involved measurements aagdatessing to obtain the statistical patterns of
spatial and time structure changes of the AB raahahon-stationary in space and time and the
study of its properties within small-scale backgrddragments.

Measurements of the AB radiance fluctuation pastenere performed using a specially
developed the measuring and computing complex (M®@)ch involves a radiometer with an
operational range of 8-18n as the main element. The measurements were dauierepeatedly
and at regular intervals via raster scanning byoradter axis along the azimuth and elevation with
the certain sampling interval. Thus sets (packd)amkground images were formed obtained from
different types of clouds and cloud amounts withia range of 8—18m.

The processing of measurement results of AB radiflnctuation patterns has identified new
regularities: due to thermodynamic processes arlifience atmospheric radiating, heterogeneities
are formed which can change their dimensions (botizontally and vertically) depending on the
weather conditions. The regularities of radiatiegelnogeneities spatial variability can be described
by using spatial-correlation AB radiance fluctuatiftunctions, which have a number of specific
properties:

1) spatial-correlation AB radiance fluctuation ftinos have considerable spatial correlation
coefficients between adjacent rows / columns / Adliation.

2) dimensions of atmospheric radiating heterogeseih both vertical and horizontal directions
are limited by the values of correlation radiusA@ radiance fluctuation spatial functions (between
rows/columns/ AB radiation).

3) spatial structure of AB radiating heterogensiignot subjected to rapid changes in elevation
and azimuth within the angular size limited by ttedues of radii (between rows / columns / AB
radiation) of AB radiance fluctuation spatial cdateon functions.

4) there is a general radii reduction tendencyhefgpatial correlation AB radiance fluctuation
functions (between rows / columns / AB radiatioo) &ll types of cloud amounts, therefore the AB
radiating heterogeneities also tend to diminisksize in both vertical and horizontal directions
while the observation direction is approachinghbgzon.
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Measurements of the spatial-temporal variabilityA8f radiating heterogeneities were carried
out in a similar way: line-by-line scanning by ratieter axis along the azimuth at a fixed elevation
value with the certain sampling intervals. Thus s#trows, columns of AB radiation sequences (1,
2, ..., k) were formed obtained from different tym#sclouds and cloud amounts within the range
of 8-13um for the certain elevation (azimuth) values with tonstant time sampling intervais

To process the results of the experiments onefskeaows or columns of AB sequences was
chosen and then new spatial and time patterns ef AB radiating heterogeneities spatial
dimensions changes were identified. The patternsbeadescribed by spatial-temporal correlation
functions of AB radiance fluctuations which have tbllowing properties:

1) spatial-temporal correlation functions of AB iatte fluctuations have considerable spatial
and time correlation coefficients between corresipmnrows / columns / AB radiation sequences;

2) the radius of spatial-temporal correlation fumes of AB radiance fluctuations varies
according to the thermodynamic and turbulent preegsvelocity. These time intervals are
equivalent to the lifetime of radiating heterogéiesi spatial dimensions at different AB types.

During the studies of AB radiating heterogeneitiese variability the radiometer axis was
fixed for specified elevation value and the sigmvahich is proportional to AB radiance
heterogeneities fluctuations was recorded with gpecified resolution and during the particular
period of time. During the processing of the expertal results new regularities were identified
which can be described by using time autocorrelattorrelation functions with following
properties:

1) time cross-correlation functions characterize ttelocity of AB heterogeneities radiance
fluctuations changes along with the specific obagon direction;

2) correlation intervals of AB heterogeneities eambe fluctuations cross-correlation functions
along the selected direction define the maximumradiation fluctuation frequency.

It can be concluded that experimental studies t®sefl the radiance fluctuation patterns
enabled to identify new spatial and time AB radiatstructure. Then the features of the identified
atmospheric radiation patterns were used to sughertor retrieving information on existence of
pinpoint artificial thermal object (ATO) principkt the atmospheric background, which states that a
ATO is situated in those areas where local chanfése identified spatial and time AB radiation
patterns.

Parameterizations of Short Wave Radiation atS ea Surface in the Atlantic
Ocean

A. Sinitsyn (sinitsyn@sail.msk.yuand S.K. Gulev
P.P. Shirshov Institute of Oceanology RAS, 36 Nmdtigky prospect, 117997 Moscow, Russia

The major source of uncertainties in the estimatidnsolar radiation at sea surface is
associated with strong variability in the atmosph&ansmission factor under different cloud types,
even under the same total cloud cover. Existingipaterizations account mostly for the amount of
clouds (quantified through the fractional cloud egvand do not include cloud types. The latters are
characterized by highly variable optical properté€louds and can, when used, critically improve
the accuracy of parameterizations of short waveatiat at sea surface. To resolve the problem of
the absence of accurate parameterizations basetbod type characteristic and to develop and
advanced methodology we performed 4-year (2004-)2@Qperiment designed to measure the
incoming shortwave radiation at the ocean surfaeudifferent could conditions. The data array
includes 130 daily series of field in situ measueais of short wave radiation and simultaneous
visual observations of cloud type and cloud cowvediiferent regions of the Atlantic Ocean. Data
were collected during several research cruises thighroutes aligning from the sub-polar North
Atlantic to Antarctica and, thus, cover most ofrdite conditions. Observations were used to build
statistically new dependencies of the atmosphaaitsimission on cloud cover under different could
types. Using this approach we were capable of impgothe accuracy of computations of surface
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short wave radiation fluxes by 20% compared to ¢kesting models using information about
fractional cloud cover only. Importantly the highémprovement of the accuracy was obtained
under near-overcast or overcast conditions.

Further development of this project goes along giesg a system for automatic
determination of cloud cover and the engagementhefe estimates into calculations of the
incoming short wave radiation fluxes. For the depatent and testing this system we used cloud
cover data collected in the Atlantic Ocean during period 2007—-2011. It has been found that the
automatic system provides quantitative estimatibfnactional cloud cover with 20% accuracy and
in case of the manual correction of records their@aoy increase up to 10%. This is equivalent to
the accuracy of visual observations. Since thetaligiystem allows for high resolution nearly
operational observation of fractional cloud coved &ypes, further plans can be associated with the
development of low-cost package for the on-linénestion of short wave incoming radiation at sea
surface even at merchant vessels.

Consistency of Component Variations of lonizin g Radiation and
Atmospheric-Electric Values

P.M. Nagorsky (npm_sta@mail.ry)A.V. VukoloV?, I.1. Ippolitov}, M.V. KabanoV,

S.V. Smirnov, M.S. CherepnéyV.S. Yakovleva
Yinstitute of Monitoring of Climatic and Ecologicgstems SB RAS, 10/3 Akademicheskii Ave., 6340k To
Russia
National Research Tomsk Polytechnic Universityl 86in Ave., 634050 Tomsk, Russia

The main "suppliers” of light, medium and heavysiam the surface atmosphere over land are
the radiation from radioactive substances Earthistcand atmosphere, as well as cosmic rays.
Objective: To estimate the spectral and temporahbtians of the parameters agreed to ionizing
radiation at a series of heights (0.1, 1, 5, 25amj deep (0.5, 1.5 m) with atmospheric electrical
and meteorological parameters of surface atmosphéehe region with sharply-continental type of
climate. Used monitoring data IMCES RAS and TPUZ006—-2012 years.

In the near-surface atmosphe¢t@nnual variation of the background changes fromr ye
year, in contrast to thgbackground, for which the maximum is observed ovémber, and the
minimum in February and March, synchrony in the atyics of f-and y-fields recorded in the
summer—autumn. On time scales from synoptic to a@nwaariations iny-background is closely
related to changes in atmospheric pressure. ItldHmei noted the close relationship between the
change in the level of the neutron component ofmosrays andy-background variations of
terrestrial origin. As a result, cyclonic activiiyd the associated changes in atmospheric pressure
leads to consistent fluctuations in the backgropHberrestrial origin, and the restructuring of the
atmospheric circulation over large areas assochaittd global climate change leads to consistent
changes in the levels and variationg-tackground of natural origin.

Precipitation plays a major role in the variati@fisstmospherig-background and can lead to
short-term increases in the level of backgrogrmadiation up to the order of magnitude. The
reaction of the fields other types of ionizing &tdn (3 anda) on the precipitation remains poorly
studied. Data Analysis 2009—-2011 showed that natasles of precipitation in the "warm" season
of the year led to the appearance of bursts irgtaedy-background in the surface layer. A number
of bursts recorded in the absence of precipitatltdowever, in these cases, there was a rapid
decrease in the atmospheric pressure or increaleldnce. The intensity of rainfall is weakly
correlated with the amplitude burst of radiation.

Analysis of monitoring data revealed that thera iminimum amount of precipitation that
does not affect the level of sub-surface componénadioactivity. Duration phase growth level of
ionizing radiation in the soil during precipitatiginom 6 to 12 hours) greatly exceeds the equivtalen
phase in the atmosphere. Even longer differentgshas recovery levels of ionizing radiation of
different components that make up a unit in thesdhe day.
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Variations ofa-, - andy-ionizing radiation in the air and soil with a daperiod were in
opposition. Contact meteovelichin variations of aspheric and subsurface components of
background radiation in the winter and summer dooes have fundamentally different nature: in
the winter increase in pressure and a decrea$e ioanductivity of the atmosphere is accompanied
by an increase in the sub-surface component of gsaakd radiation in the summer of this
dependence is observed.

Achieved through project VI1.63.1.1 program of lcasisearch RAS.

Aircraft-Laboratory Yak-42D for Monitoring Gase ous and Aerosol
Composition of the Atmosphere

A. Kuzmichev (askuzmichev@gmail.cpnh. Nadezhdinskii, Ya. Ponurovskiy, V.

Khattatov, V. Galaktionov, V. Semenov
Central Aerological Observatory of Roshydromet,e3y@mayskaya ul., Moscow region, Dolgoprudny, Russi

The aircraft-laboratory Yak-42D “Atmosphere” waseated in Federal State Budgetary
Institution Central Aerological Observatory of RiassFederal Service. The report will focus on the
hardware-software complex for monitoring of changeschemical composition, including the
monitoring of pollutants and greenhouse gasesdaratmosphere and the control of the stratospheric
aerosol layer and the ozone layer of the atmospfiersolve these problems, systematic airborne
measurements of spatial and temporal distributmingases and aerosols on various scales, and
altitudes in the free atmosphere are needed. Adbsensing of gaseous and aerosol composition of
the atmosphere will identify as early as possilileate factors that may lead to changes in regional
and global scales which are associated either twématural fluctuations in climate-parameter, or
by anthropogenic influences. The complex inclutiesfollowing devices:

* Aircraft multi-wavelength aerosol lidar ML-37544 designed to measure the backscattering
coefficient and the aerosol extinction in the sp@aange 355-1064 nm.

* Aircraft tunable diode laser spectrometer for suegng the concentration of greenhouse
gases (water vapor, carbon dioxide, methane) amid ibotopic composition in the atmosphere.
Airborne spectrometer consists of the electronicslute, which supports the work of six diode
lasers, and 3 measuring channels fe®KCH,, CO,.

» Spectrometer in ultraviolet and visible rangeShamrock SR-303i for measurements of the
total content of @ NO,, BrO, OCIO in the atmosphere.

» Ozone Analyzer Model 205.

» Greenhouse Gas Analyzer G2301-mc.

* Non-dispersive infrared analyzer 88,0 air LI-7500ADP.

» Gas chromatograph Agilent-7820A with a devicedampling air.

Whole air samples (NMHC, alkyl nitrates, long livedcers like halocarbons), GON,O,

CO, CH,.

Complex MR-32 for Monitoring Atmospheric Gas and Aerosol
Composition. 1. Monitoring of Atmospheric Gas Composition

F.V. Kashin (kashin@typhoon.obninsR.ru
Research and Production Association “Typhoon”, 4Bdy Street, Obninsk, 249038, Russia

Monitoring of atmospheric gas composition is mata constantly widening network of the
GAW on the basis of measuring gas concentrationsirfghratios) in air samples taken near the
ground. In continental conditions ground-based mnessents are supported by measurements of
gas concentrations at different heights from metiegical masts.

The instrumentation complexes used consist of gatyzers operating on the principles of
optical-acoustical or gas-chromatographical dedectf the gas composition in air samples. The
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measurement method has a high accuracy becassbased on the comparison with the reference
gas mixtures, but the results obtained characterhgthe air near the ground and the atmospheric
boundary layer at best.

For studies of atmospheric gas composition the ateti solar absorption spectroscopy has
been widely used at present. It is based on thermdetation of gas contents from the spectra of
solar radiation that passed through the atmosplepth. The measurement complex consists of a
spectral device (a classical spectrophotometerFwuaier-spectrometer) and a system tracking the
Sun. The measurement results obtained by this mgihesent the gas content in the atmospheric
column. They are practically independent on theafbf local ground-based anthropogenic sources
and characterize the troposphere and stratosphleeesimultaneous use of both methods at one
and the same observation site gives more completermation on the atmospheric gas
composition. The data obtained give a possibibtgampare them and to study the peculiarities of
the gas concentration vertical distribution in gteosphere.

At FSBI “RPA “Typhoon” (Obninsk), an experimentatopotype of an instrumentation
complex has been developed for measuring gas dsrdad their concentrations in the atmospheric
depth and in the air near the ground. The complag put through the state acceptance tests. It is
now being operated under control. The complex st®msef a Fourier-spectrometer, a system
tracking the Sun, an optical interface for matchimg Fourier-spectrometer and the control system,
an optical multipass cell and a system for sampépagration. The construction peculiarity of the
complex is that it makes it possible to succesgivagjister the spectra of solar radiation that @ass
through the atmosphere and the absorption speétem artificial source radiation that passed
through the optical multipass cell. Thus it is pblesto simultaneously obtain information needed
for determining the gas content in the atmosphéejoth and its concentration in the air near the
ground

Spectrometer for Monitoring of Atmospheric Ozo ne (Ozonometer)

Y.S. Dobrolenskiy? (dobrolenskiy@iki.rssi.fy O.I. Korablev?, D.V. lonoV’,
N.A. Vyazovetskiy, K.N. TchikoV, V.M. Kravastsel; A.V. Savushkif, P.P. Moisee¥
A.A. Fedorova? D.A. BelyaeV?, S.N. Mantsevich D.M. Rumyantset; 1.V. Kananykhif,

A.l. Viktorov®, A.E. Shatalo¥, E.A. Zherebtsd A.V. Kozyurd, S.A. Moryakir?
'Space Research Institute of Russian Academy afc®sie84/32 Profsoyuznaya str., 117997 Moscow,i&uss
*Moscow Institute of Physics and Technology (Statizdisity)
3saint-Petersburg State University, Physics Facultyllyanovskaya ul., Saint-Petersburg-Petrodvorgisssia
“St. Petersburg National Research University of imiation Technologies, Mechanics and Optics
®S.1.Vavilov State Optical Institute
®Scientific Production Enterprise “Astron Electrosic

The spectrometer for the monitoring of Earth atnhesigc ozone from the board of spacecraft
is being designed. The aim of the spectrometereddlDzonometer” is global and permanent
monitoring of total ozone by means of measuringcspeof scattered solar radiation in near-Uv
and visible range of spectrum (300-500 nm). Thigeancludes Huggins absorption band of ozone
in near-UV (300-360 nm) and nitrogen dioxide N@bsorption bands in visible light (400—
500 nm). The optical design of the spectrometebased on the Rowland circle scheme with
holographic concave diffractive grating. An off-sexparabolic mirror is used as an entrance
objective. The CCD detector is linear with 2048gbsx The spectral resolution is up to 0.3 nm. The
spectrometer is supposed to provide nadir observatbut there is also an additional optical
entrance orientated to Sun hemisphere in orderesore pure solar spectra.

The spectrometer is being designed within Russptial federal program “Geophysics”.
Among the program, a group of 4 spacecrafts “lohesg’ is to be launched in 2014-2015. They
are planned to operate at a pair of circle solacksonous near-polar orbits (2 spacecrafts at each
orbit).
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Up to the present moment, the qualification modehe spectrometer has been manufactured
and tested. The first performance tests were cdeiplat optical laboratories in St. Petersburg and
Moscow with the help of Hg lamps and other lighuses. After that, the field atmospheric
measurements have been carried out in Moscow,ddkht Kislovodsk high-altitude atmospheric
station at Caucasus. The observations have begiedoat zenith direction (scattered radiation) as
well as solar direct measurements. The obtainadtsegre presented.

The research was supported by graeil.G34.31.0074 of Ministry for Science and
Education of Russian Federation.

Results of the Water Vapor Total Column Meas urements in the Frame of
Combined Experiment in Tomsk on May 22, 2012

B.A. Voronirf (vba@iao.ri, M.V. Makarova (zaits@troll.phys.spbu.JuS.S. Vasilchenko

D.M. Kabano¥, V.I. Serdyuko¥, L.N. Sinits&
!Saint-Petersburg State University, Physics Facultylyanovskaya ul., Saint-Petersburg-PetrodvorRisssia
2\/.E. Zuev Institute of Atmospheric Optics SB RASabemician Zuev sq., 634021 Tomsk, Russia

Results of the water vapor total column measuresnehtained in the frame of combined
experiment (the 2% of May 2012) are presented. Ground-based obsenstif near IR direct solar
radiation spectra were carried out by Fourier-spectter IFS-125M (Bruker). The set of
parameters of the Fourier-spectrometer was aswisilthe measurement region — 25000-8000 cm
(400-1250 nm); the spectral resolution — 0.05'cthe speed of scanner — 20 kHz; the diameter of
aperture — 0.6 mm; single spectrum registratiore tirl0 min; the beamsplitter — quartz; detector —
Si-diode. FTIR observations were processed usiegstandard software SFIT2 v3.92. Vertical
profiles of atmospheric pressure and temperatugeined for retrievals of greenhouse gases were
taken from the nearest site of upper air soundkglpashevo (WMONe29231). Gases apriory
profiles (recommended by NDACC) were created uSigCCM (Whole Atmosphere Community
Climate Model). Information on spectroscopic lirergmeters was taken from the HITRAN 2004
database (http://www.hitran.com). Ground-basedimeutneasurements of the water vapor total
column and the aerosol optical thickness in theoaphere are carried out at IAO SB RAS (Institute
of Atmospheric Optics of Siberian Branch of the §tas Academy of Sciences) by automated sun
photometers (SP series). Time required for singé@asurement is of one minute. Observations are
performed under conditions when the Sun is not i@/by clouds.

Water vapour is highly variable constituent of tlamosphere therefore adequate
comparison of different observational systems meguisimultaneous measurementsOHotal
columns measured by sun photometer at 8:48:21 §1g2&nf) and 8:49:21 (1.293 g/@nwere
compared with FTIR observations at 08:48:35 (1.§@ht). Difference between these values is of
0.8%. Mean values of # total column calculated for the both instrumemtsr period of 08:48—
08:59 (1.296 g/cmand 1.301 g/cffor sun photometer and FTIR respectively) agre@iwio.4%.
Comparison shows that FTIR observations could gdasonable agreements with sun photometer
data within 1%. This value is less than combinedrgil.2%) of both types of measurements.

FTIR and sun photometer data onCHtotal column were also compared with Infrared
Atmospheric Sounding Interferometer (IASI) MetOPsAtellite measurements (for the period of
11-12 a.m.). Average values of totajCHobtained for the three measurement systems weere a
follows: 1.50 g/criand 1.49 g/ctfor the Fourier spectrometer and sun photomegspectively,
and 1.84 g/ctfor IASI. This indicates that # total columns from the European satellite IASI
MetOP for the date of combined experiment (May,Z®,2) are higher than ground-based data and
require further comparisons and calibrations.

The work has been fulfilled under support by RFBR12-05-00596, 11-02-93112-CNRS), the
program RAS 3.9, State agreements of Ministry ofidation and Science (11.519.11.5009) and grant of
SPbU 11.37.28.2011.
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Ground-based Spectroscopic Measurements of the Atmospheric (O ), Total
Contents

E.R. Polovtseva (elena@asd.iap,.M.l. Serdyukov, B.A. Voronin, L.N. Sinitsa,
S.S. Vasil'chenko
V.E. Zuev Institute of Atmospheric Optics SB RA&;addemician Zuev sq., 634021 Tomsk, Russia

The authors present the results of the oxygen cexepl(Q). total contents measurements by
means of spectroscopic technique with using a tegblution Fourier transform spectrometer IFS-
125 M and sun tracker [1]. The measurements hage performed within the complex experiment
which was carried out on May 22, 2012 in Tomsk @agi The atmospheric total contents of the
(0O,), absorber were derived from the fit to experimedtdh.

It was revealed there are several strong oxygerplexes absorption bands with center at
A =1.06, 0.630, 0.577 and 0.477 um well asaBsorption band centered/at 0.602 um that is
confirmed by the earlier experimental works [2]eTHRTIR solar absorption spectra were recorded
in the spectral range 0.477-1.06 pm with specesblutions 0.01 cthfor different solar zenith
angles. Using the observed spectral data and asédgst-squares fitting software, we could derive
the oxygen complexes and ozone total contents.Oshabserved data were fitted to experimental
data from work [3] and for ozone fitting the expeental data from [4] were used.

Obtained from the fit ozone total contents were jparad to satellite data that served as
additional criterion of correctness of @total contents measurements. The obtained datdean
used for problems of atmospheric spectroscopy amdsphere chemistry.

The work was financed within PrograN3.9 andNe22.2 of the Presidium of the RAS and by the
RFBR (grant 11-02-93112-CNRS.

1. Vasil'chenko S.S., Serdyukov V.I., Sinitsa LAImospheric and Oceanic Optjc2012,25, 10, 920-925.

2. Rosenberg G., Tatarskii V., Dianov-Klokov WYerald Academy of Sciences of the USBRO, 2, 21-29.

3. Naus Hans, Wim Ubachs. Visible absorption barfdbe (Q), collision complex at pressures below

760 Torr.Applied Optics1999,38, 15, 3423-3428.
4. URL: http://smpo.iao.ru/.

The Photometric Measurements of Aerosol Optica | Depth and Total Water
Vapor Content in the Volgograd Area

K.M. Firsov, E.V. Bobrov (bobrov-volsu@mail.ru)l. Klitochenko
Volgograd State University, 100 Universitetsky p0062 Volgograd, Russia

Systematic measurements of aerosol optical depdht@tal water vapor content with use of
mobile sun photometers SPM, developed at the instf Atmospheric Optics, have been started
in Volgograd area. These photometers record satiiation in a wide spectral range from the UV
(340 nm) to mid-infrared (2014 nm). In the summetuann period of 2011 measurements were
made with a photometer, developed in 2008, andesk@di2 measurements have been made with
photometer, developed in 2011. GPS navigator amitatliweather sensors to measure the
temperature and air pressure are integrated inggeaded photometer (2011).

The first and the second moments of the distrilutibthe values of the aerosol optical depth
for the period of observation will be presentedhe report. Average daily and monthly aerosol
optical characteristics will be evaluated. The Amgws parameter that characterized the spectral
behavior of AOD in the wavelength range 440-870 aatording to observation data was
determined. The results of comparison of the AOlasueed by sun photometer and by satellite
radiometer MODIS will be presented. To match theults of measurements from different
photometers intercalibration procedure with useaasun photometer Cimel of AERONET was
carried out in Yekaterinburg.

The results of simulation retrieval of total watepor from the photometric data of the Sun
for the regions of Western Siberia and the Lowelgdeaegion will be presented. To realize this,
two samples of meteorological profiles were takerthe climate conditions of Novosibirsk and
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Volgograd regions. Then, on the basis of these oneltegical data the line-by-line calculations to
obtain regression dependence of transmittance fthentotal water vapor content were performed.
The simulation results showed that:

1) The functional dependence of the transmittarma the total water vapor content for the
conditions of Volgograd and Novosibirsk are similao, the photometer calibrated for Western
Siberia, can be used for measurements in the Luaigia region. This result was expected.

2) The errors of retrieval of total water vapor o, due to the temperature dependence of the
molecular absorption coefficient reached 10%.

3) It is shown that the approximation formula usadretrieval of total water vapor content in
AERONET, can lead to errors coming up to 30%. Tée af a polynomial function depending of
the total water content in the atmosphere fromstrattance of atmospheric reduces the error to
10%.

This work was supported by grants RFBR-13-05-970¢®volzhe_a and 11-07-00660-a.

MyT nNoBbIWEHUA TOYHOCTU U3MEPEHUs TOPU3OHTaNIbHOW AanbHOCTU B
OTKpbITON cpepe

[Teipuxosa C.U. (krionica@yandex.ru)
Bcepoccuiickuii nayyno-ucciedosamenbckuil UHCMUMYm Qu3UKo-mexHuyeckKux U paouomexHu4ecKux
usmepenuii, 141570Menoeneeso, Poccus

[Touck palMOHANBHBIX TEOPETUIECKH OOOCHOBAHHBIX U MPAKTUYECKH PEATH3yeMbIX PEIIeHUN
M3MEpEeHUs AallbHOCTU B OTKPBITOM aTMocdepe MpeacTaBiIsieT HECOMHEHHBIM HHTEpeC JUIsl peIIeHUs
psiga Hay4dHBIX W OTPACIIEBBIX 3a7ad4, aKTyaJeH s CO3JaHHS BBICOKOTOUYHBIX JAITbHOMEPHBIX
CUCTEM METPOJIOTHYECKOT0 OOecreueHusl CpeCTB U3MEPEHUS JJIMHBI B JMAaIla30HE OT JIECATKOB U
COTEH METPOB [0 HECKOJNBKUX KHIOMETPOB. KOHKYpPEHTOCIIOCOOHBIE BBICOKOTEXHOJIOTHYHBIC
CUCTeMBbl HW3MEpPEeHHs JJIUH Hauboiee TIOJHO OTpPaXEeHbl B  OTKPBITOW HH(MOpManuu
Mexaynapoanoro 6ropo mep u BecoB (BIPM). Cpeau HUX CTOUT OTMETUTh MHTEP(EPCHIIMOHHBIC
m3mepurenn aauH NPL  (BemukooOpuranus), METAS (Iseittapus), PTB (Cepmanus), NMIJ
(Smonus), CMS (Kuraii), NSK IM (Ykpauna), atasion I'DT 2-2010 BHUKM). Ocoboe BHUMaHHUE
3aCIIy’)KMBAlOT CHUCTEMBI BBICOKOTOYHBIX M3MEPEHHH B OTKpBHITOM armochepe. Pazputue
JTaTbHOMEPHBIX BBICOKOTOYHBIX CHCTEM OOBEAMHSAET HAayYHO-HCCIEA0BATEIbCKUI ONBIT B
HECKOJIbKUX MpPEeIMETHBIX 00NacTAX: (¢u3nyeckas MpUKIagHas ONTHKA, ONTHYECKHE MU3MEpEeHHs,
30HJMPOBAaHUE M TPO3PAYHOCTh aTrMoc(epsl, B3aUMOJCHCTBHE JAa3epHOrO H3IYyYEHUS C
aTMOC(EpHBIM a’p030JieM, pa3paboTKa OMTHKO-3JIEKTPOHHBIX MPUOOPOB HAyYHBIX HCCIICIOBAHUIA;
Ja3epHas TEXHUKA U TEXHOJIOTHHU; T'€0/1e31s, TeOMOP(OIOTHs, METEOPOIIOTHS.

HMcTouHMKM TOTpElIHOCTEd M3MEPEHUN BKIIOYAIOT HWHCTPYMEHTAIBHYIO IMOTPENTHOCTh
JIA36pHOM  ONTHUKO-IJICKTPOHHOW JAJIBHOMEPHOM CHUCTEMBI M COCTABJIAIOIIME IOTPEIIHOCTH
u3MepeHus paccrosiHuil. Ha stane pa3paboTku oueHb BaXKHO MOHUMAaHKUE IPUYUHHO-CIIEACTBEHHBIX
CBSI3e€l MCTOYHHMKOB TOTPEINHOCTEH 00euX TPYII, ONpEAEICHUE CTEIEeHU BIUSHUS HCTOYHHKOB
MOTPEIIHOCTe Ha KOHEUHBIM pe3yibTaT, HaxOXICHHE JOMUHUPYIOUIMX M TMOHUCK METOJOB HX
MuHUMU3anuud. CreayeT TpaBHIBHO YYUTHIBATH XapaKTep B3aMMOJCHCTBHUS  OTICIBbHBIX
COCTaBJISIONIMX CYMMapHOM MOTPEIIHOCTH ONTHUKO-3JEKTPOHHOM CHCTEMBI M H3MEPEHHS.
TouyHOCTHOH pacueT MakeTa JaTbHOMEpa LEeNeco00pa3HO MPOBOAUTH B HECKOJBKO OTArOB.
VYMeHbIlIeHHEe MHCTPYMEHTAJIbHOW MOTPEIIHOCTH JajlbHOMEpa BO3MOXKHO 32 CYET NMPUMEHEHHUS
BBICOKOCTAOMIIbHBIX UCTOYHUKOB U TMPUEMHUKOB JIA3€PHOTO HM3ITYUYCHHS, UCKIIOYCHHUE BIIHSTHHS
rpaJeHTa TeMIlepaTyp Ha BBIXOJHBIE TapaMeTpbl Ja3€pPHOTO  HW3JIyUYe€HUs — MyTeM
TEPMOCTAOMIU3AMN C OOpAaTHOM CBS3bI0, HA PACHOKYCHPOBKY ONTHYECKOH CHCTEMBI — YYETOM
YCIIOBUSI HEPACCTPauBaeMOCTH OINTHYECKOr0 TMpudopa B pacuere U BBIOOpE ONTHUYECKUX
KOMIIOHEHTOB.

CyliecTBeHHOE BIMSHUE Ha PE3yJbTaT H3MEPEHHs] [UIMHBI MMEET 3Ha4YeHHE IOKa3aTess
MPEIOMIICHUsT BO3AyXa. YUeT BIUsSHUSA pedpaklvud Ha KPUBU3HY Jyda TpeOyeT WHIAUKAINH
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MeTeonapaMeTpoB (TeMIeparypsl, BIaKHOCTH, JaBJICHUS) 0 BCel JmMHe Tpacchl. B pabotax [1] ¢
MCIOJIb30BaHUEM YpaBHEHHUI DnjieHa TeopeTH4ecKH OOOCHOBAaHA U SKCIEPUMEHTAIbHO JI0Ka3aHa
MEPCIIEKTUBHOCTh METO/a JIBYXBOJTHOBOW wuHTepdepomeTpun s auctaniuuu 30 MeTpoB B
CTAIMOHAPHBIX YCIOBHUSIX «CYXOTro BO3AyXa» MPU U3MEHEHUH BIaXHOCTH He Oonee 5%. [lokazana
HEOOXOJUMOCTh yYeTa B pacyerax JUIMHBI (TPaeKTOpUHU Jiyda OT HMCTOYHHKA JI0 MPUEMHHKA)
3HAYEHUS BIAKHOCTH BO3JIyXa U MapIUAIBHOIO AaBJICHUS BOJHBIX MAPOB.

[Tpo3payHOCTh MPU3EMHOTO CIIOSI aTMOC(Ephl sl BUAMMOTO  HW3IYYCHHUS OIpPEeseTcs
a’pO30JIbHBIM paccesHUeM, 3aKOHOMEPHOCTH U KOJMYECTBEHHBIE XapaKTEPUCTHUKU KOTOPOTo
noapobHo  paccMoTpeHbl B paborax B.E.3yeBa. ®yHOamMeHTanbHblE — HCCIEIOBAHUS
KOJIMYECTBEHHOTO OmpeaeiacHust mpo3padnoctd atmochepsl B MK-o6mactu (1.3—1.5mkMm) Obutn
npoBeneHsl Doynem mis acraniuu 85—170m B 1908—-191%. TTo3nuee, B 1918-195T., Dnbaep u
CTpoHr [2] mony4Yuiii 3aBECUMOCTD, OMMHUCBHIBAOIIYIO MPO3PAaYHOCTh atMochepsl B 8 <okHax»: 0.7;
0.92; 1.1; 1.4; 1.9, 2.7, 4.3; 5.9; 1440m, coBmamawmux ¢ IEHTpAMU KoJeOaTeIbHO-
BpalllaTelbHBIX MOJIOC TorjouieHus: napoB Boabl U CO,. MHTepec K HcClIeNOBAaHUIO JTUHAMUKH
U3MEHYMBOCTH MNPO3PAayHOCTH arMocdepsl BblpakeH B dkcrepuMmeHntax E. Hinklei mo
30HIMPOBAHUIO MPOUIT BIAKHOCTH aTMochepbl MeTooM auddepeHITNaTLHOTO MOTIOMICHHS C
MCIIOJIb30BAHUEM JIA3€PHOTO U3ITYUCHUS.

[TepcnektrBa 3 PeKTUBHOCTH pa3pabOTKHM BBICOKOTOYHOW JTaJTbHOMEPHOW CHCTEMBI IS
OTKPBITOH aTMOc(epbl CTUMYIUPYET pa3BUTHE Pa3pabOTOK B JaHHOM HampasieHuu. OIHAKo, HE
CTOUT 3a0bpIBaTh O TPYJOEMKOCTH  TEOPETHYECKOro  OOOCHOBAaHMS, MaTeMaTH4YECKOIo
MOJICTTUPOBAHUS, MAaTePUATHU3AINH HHKEHEPHO-TEXHUYECKUX PEIICHUH, 3HAUNTEIHHONH CTOUMOCTH
BBICOKOTEXHOJIOTUYHOTO 000pYAOBaHUs, OTBETCTBEHHOCTH W OMNACHOCTH ManoOOOCHOBAHHBIX H

OIMOOYHO MPUHSITHIX PEIICHUN.
1. Meiners-Hagen K., Ahmed abou-Zeid. Refractivdex determination in length measurement by twaoxcol
interferometry.Meas. Sci and Technolog®008,19, 1-5.
2. Elder T., Strong J. The infrared transmissioatafospheric windowslourn. Francl. Inst.1953,255 189—
208.

Automated System for Monitoring of Atmospheric Path Optical Parameters

V.M. OsipoV, N.F. Borisova, A.R. Valie, M.Yu. Kovchir?, A.M. Malov},

V.S. SirazetdinoV
1PLC “Scientific Research Institute for Optoelecti®Instrument Engineering”, 188540 Sosnovy Borssta
2PLC “NPK SPP”, 53 Aviamotornaya str., 111024 Moacd&ussia
3PLC “NPO Akvastandart”, 55 Bolshoi prospect Vaigsitkyi Ostrov, 199178 St.-Petersburg, Russia

An automated system for monitoring of atmospherfical parameters is used for
determination of optical characteristics of atmasphpaths when testing different optoelectronic
systems in atmospheric conditions. The system esald measure a set of meteorological
parameters of the atmosphere at the initial pofnthe path and to calculate automatically the
transmittance and radiance of the atmosphericradi&tion in different spectral intervals of the IR
range for the atmospheric paths of interest.

The following characteristics of the atmosphere ragasured at the bottom point: pressure,
temperature, relative humidity, meteorological cgitirange. On keyboard inquiry or in automatic
mode (access rate makes up 15 seconds) the measiued are transferred to the computing unit.
Data about geometrical characteristics of the apin@sc path of interest (the path length and zenith
angle) also come to this unit in a manual or autameode. Then the average values of
transmittance and radiance in different spectréruals of the IR range for these paths are
calculated by special software. At that the reqglicharacteristics of the upper atmosphere are
defined using the relevant model atmosphere (segstatitudinal, regional), and for the lower
atmosphere (lower than 12 km) through interpolatibthe measured values. A specially developed
procedure is used for the aerosol component itothier atmosphere [1].
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In addition to the average values of transmittaand radiance the functions of spectral
transmittance and spectral radiance (Wf(ster-pum)) are calculated for these intervals with
required spectral resolution. Boundaries of therajpgy spectral ranges correspond to the
atmospheric transparence windows (1.8-2.7 um, 23+, 4.5-5.3 um, 8-12 um) and can be
varied on the customer’s request. Estimations twital absolute error in determination of average

transmittance for a vertical path in the 8-12 pungeaare presented.
1. V. M. Osipov, N. F. Borisova, “Method of calctitan of aerosol extinction of radiation in arid zoaf
atmosphere”, International Symposium “Atmosphesidiation and dynamics”, 2011, Collection of theses,
St.-Petersburg, SPb State University, pp. 126-127.

A Complex MR-32 for Atmospheric Gas and Aero sol Composition
Monitoring. II. Monitoring of Atmospheric Aeros ol

N.V. Tereb, V.V. Ipatov, A.V. Komarov, V.N. PotapdS.A. Rubtsov, V.V. Shirotov
Research and Production Association “Typhoon”, bBdy Street, Obninsk, 249038, Russia

Since spring of 2013, operational testing of a dempgMR-12 designed for monitoring of
atmospheric gas and aerosol composition has beetedt The development efforts were made
under the order of Roshydromet. They were carrigdoy specialists of FSBI “RPA “Typhoon” in
cooperation with specialists of Kazan State Tedinidniversity named after A.N. Tupolev
(KSTU) and of the company “Infraspek” from St. Rsbeirg. The complex MR-32 consists of
three modules:

— complex for monitoring of atmospheric gas compoaiti
— complex for monitoring of atmospheric aerosol,
— complex for data accumulation, archiving and transf

The paper presents a complex for atmospheric decosgposition monitoring. It measures
the intensity of direct and scattered by the atrhesp solar radiation. The spectral aerosol optical
depth, total column water vapor content in the aphere and the Angstrem parameter are
determined from these measurements. In future,rev@lanning to determine the phase scattering
function, single scattering albedo and aerosoigeast size distribution function.

The complex comprises a solar photometer and @amtation and control system. The solar
photometer basis is in two practically identicalyobromators on concave holographic gratings
with compensated astigmatism and a flat focal plahe polychromators are located in one casing.
A test specimen of such a coupled polychromator dea®loped and made by the specialists at the
Optical and Electronic Department of the KSTU. Tmetoreceivers of the polychromators are the
linear CCDs (TCD1304AP) with the total number atgds 3648 nm and 340-1000 nm and 440-
1000 nm for the blocks measuring the intensity afead and scattered solar radiation,
correspondingly. The spectral ranges are dividedlays absorbing light filters into three bands to
avoid superposition of orders. The spectral hatftiviof the entrance slits is 8 nm. A 12-bit analog-
to-code converter is used in the polychromator. dlkeetronic circuit provides the automatic choice
of accumulation interval from 10 microseconds td Iis. The temperature control inside the
polychromator casing is ensured by two thermistostalled in the vicinity of the photoreceivers.
At a decrease of temperature below 20° C inside cé®ing, inner heaters are switched on
automatically.

The stability of the spectral scale during operai® controlled according to the position of
O, atmospheric absorption band (762 nm). Energy iclin is made with the spectral density
standards of brightness and illuminance certifiednh@ ROSSTANDART. The field of view is
formed with the help of blinds. The blind of a llomeasuring the intensity of scattered radiation
has a depolarizer, and for the alignment with teeded (1.2°) angle with the field of view of the
polychromator — a single-lens objective.

The system of orientation and control consists ebatrolling computer and the system of
tracking and orientation. It ensures tracking then Swith the help of four photodiodes at
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measurements of direct solar radiation intendity,guidance of the sighting line to a preset point
the sky during the measurements of scattered sadation intensity and an automatic control of
the operation of the whole complex monitoring aer@®@mposition of the atmosphere on the basis
of a schedule prepared earlier. When the systedkitrg the Sun loses its sight, the orientation
system continues the guidance according to thelleddrl coordinates of the solar disc. In this case,
a corresponding flag appears in the output filae $olar photometer is located in the compartment,
the flux of light is transferred with the help ofrarror-prismatic beam guide.

The measurements of direct solar radiation are nradgcles of ten measurements with an
optimally chosen accumulation time (averaged laaeg at five cycles with the intervals of about
30 s between them. Averaging in a cycle is madehleycontrolling computer, and output file,
formatted in a proper way, is sent to the compledata accumulation, archiving and transfer. The
subsequent processing procedure comprises clowekrsng, computations of aerosol optical
thickness at several wavelengths (coinciding b#gicaith those accepted by the AERONET
system), of water vapor total content and the Amgstparameter. Time synchronization of the
controlling computer is provided by the GPS block the auxilliary equipment of the data
accumulation, archiving and transfer complex.
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SESSION 7. "WAVE CHARACTERISTICS, MACROCIRCULATION AND
DYNAMICS INTERACTIONS IN ATMOSPHERES OF THE EARTH
AND OTHER PLANETS"

Chairman: Prof. A.l. Pogoreltsev (RSHU, SPb)

Co-chairmen: Prof. N.M. Gavrilov (SPbSU, SPb), Dr. V.P. Yushkov (MSU,
Moscow), Prof. S.S. Suvorov (Mozhaisky MAA CI16),
Prof. Ch. Jacobi (University of Leipzig, Institute for Meteorology,
Leipzig, Germany)

Splitting of the Stratospheric Polar Vortex i  n December 2009

Pavel Vargin (p_vargin@mail.ru)
Central Aerological Observatory of Roshydromet,e3y@mayskaya ul., Moscow region, Dolgoprudny, Russi

The 2009-2010 Arctic stratospheric winter in congmar to other recent winters is mainly
characterized by a Major Sudden Stratospheric WagnsSW) wavenumber 1 type in the late
January. This event led to a large increase ofeimperature of the polar stratosphere and to zonal
wind reversal. Unlike other Major SSW events inergowinters the westerlies and polar vortex did
not restore to pre-warming strength after this M&8W until the final warming. As a result of it a
destruction of the ozone layer inside the stratesplpolar vortex over the whole winter was one of
the modest over the past 20 years.

The other distinguishing feature of this wintethe splitting of the stratospheric polar vortex
into two lobes in December 2009. Observed 10-17eber splitting was accompanied by an
increase of the temperature of the polar strataspheeakening of westerlies but without its
reverse. The splitting occurred when, in additionthie high-pressure system over northeastern
Eurasia - northern Pacific, the tropospheric awctmye over the north-eastern Atlantic-Europe
amplified. Analysis of wave activity in the extrapical troposphere revealed two Rossby wave
trains propagating eastward to the northern Attaséiveral days prior to the vortex splitting. The
first wave train propagated from the subtropicsid-latitudes of the eastern Pacific over Northern
America and the second one propagated from theherortPacific. These wave trains could
contribute to amplification of the tropospheric iaptlone over the northeastern Atlantic—Europe
and to the splitting of the stratospheric polartexr

A Three-Dimensional Thermosphere General Circul ation Model

D.V. Kulyamin (kulyamind@mail.ry)V.P. Dymnikov
Research Computer Center, M.V. Lomonosov Moscaw Btaversity, 1 Leninskiye Gory, 19991 Moscow,
Russia

This report presents a new global three-dimensioradel of the Earth's thermosphere (for
altitudes from 90 km to 500 km) with high spatiakolution. A new thermosphere circulation
model is created on the basis of the previouslelbped atmosphere general circulation model
(GCM) (including the troposphere, stratosphere, aspelere, 0—90 km) of the Institute of
Numerical Mathematics of the Russian Academy oésms (INM RAS). The physical processes
description of the thermosphere circulation — ttamdard equations of geophysical fluid dynamics
— are updated with the key physical processes fapeim those heights. The system of
hydrodynamical equations is numerically solved he model (the equations of motion for the
horizontal velocities, hydrostatic equation, theagpn of heat transfer and the continuity equation
that represents the conservation of mass law)his version of the thermosphere model, the
temperature and geopotential are calculated asti@vs from some average thermospheric vertical
profile. Dynamic block of the INM atmosphere ciratibn model was transformed (pressure is used
as vertical coordinate instead of sigma-coordinate)
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The key physical processes for the thermospheraharenolecular diffusion and thermal
conductivity, the momentum exchange between neatrdlcharged particles in collisions (the so-
called ion-neutral drag force) and pressure grasliganerated by inhomogeneity of the molecular
composition (formally described in first approxineat as variability of average air molecular
mass). The interaction of the thermosphere andsjamere is described directly by the exchange of
momentum and energy between the charged and neattalles in the collisions. Given the strong
vertical diffusion and hydrostatic approximatiohe tcontribution of this force in the equations of
motion is considered only for the horizontal comgts of the wind velocities. In thermodynamics,
the radiation block is key component of the modwdlusion of which is a separate large problem.
In the model a simplified description of the heairees and sinks is used.

The report describes the computational algorithish mmmerical methods used in the model.
Numerical stability of the model dynamic (adiabpttock and analogues of conservation laws are
investigated. The emphasis in the analysis of mogleksults is laid on the average large-scale
thermosphere circulation reproduction and the cdatmnal dynamic core work. The numerical
experiments describe the reproduction of the thephere general circulation for the equinox solar
maximum conditions. A comparison with the resufis NCAR TGCM model as well as empirical
models is made. It is shown that the model represitbe main features of the thermosphere
general circulation with sufficient accuracy (fogiaen level of heat sources parameterization).

Further development of the model deals with isspieaccurate reproduction of radiation
balance, taking into account the gas compositiariability, specification of the ionosphere
parameters, (taking into account the auroral cisrenthe polar caps). Creation of the ionosphere
model block, which takes into account the proces$&snization and recombination, calculates the
charged particles motion and their contributiothte radiation sources, as well as the creation of a
full-fledged radiation block is a separate largelppem. At the same time the thermodynamics of
this region is also determined by interaction wita lower layers of the atmosphere, which leads to
the problem of constructing a coupled model ofthe@mosphere and lower atmosphere.

The work was supported by the Moscow Universityaliewment until 2020 program, RFBR (12-05-
00484-a), the grant of the President of the Russiaderation "Leading Scientific Schools” NSH-
3521.2010.5, and the Federal Program "Researck@eutific -pedagogical personnel of innovative fas
"14.740.11.0639".

Analysis of Planetary Wave Disturbances in th e System Troposhere-
Middle Atmosphere on the Basis of UK Met Offic e Analysis Data and Cosmic
Experiment Radio Occultation Soundings

Anna Kanukhina (anna.kanukhina@rshi.Elena Savenkova, Maxim Motsakov,

Anton Zarubin, Alexander Pogoreltsev
Russian State University, 98 Malookhtinsky prinSBetersburg Poccus

Project includes the processing and approximatfaadio occultation temperature data on a
regular grid for the convenience of further workngsthe software package developed for the
analysis of COSMIC temperature data and meteorcdbgiata, assimilated in the UK Met Office
model. Planetary waves were subdivided into statypand traveling ones and analyzed according
to their amplitudes, periods and propagation dinactPlanetary waves during the winter period of
2008-2011 were considered and characteristics eofmdves were compared with data obtained
from the UK Met Office analysis.

Analysis of the results suggests that the datdenemperature of the COSMIC experiment is
applicable to detect planetary waves in the stpitee, however, the amplitude of the oscillations
in temperature fields characterize conditions of@varopagation mainly.
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Influence of the QBO on the Nonlinear Satura tion of Planetary Waves in
the Stratosphere

E.N. Savenkova (savenkova.en@majl.ALl. Pogoreltsev
Russian State University, 98 Malookhtinsky prinSBetersburg Poccus

The analysis of the UK Met Office re-analysis sh@agtrong interannual variability of quasi-
stationary planetary waves (SPW) during winter rhenh the stratosphere. Using a numerical
model of the middle and upper atmosphere (MUAMg, stratospheric response to an increase of
SPW amplitudes at the lower boundary under diffegerasi-biennial oscillation (QBO) phases is
investigated. The results obtained show that nealinvave-mean flow interaction leads to the
saturation of the stationary planetary wave withaavave number 1 (SPW1) in the stratosphere.
The increase of the SPW1 amplitude at lower boyndaused substantial changes of the mean
flow in the lower stratosphere at middle and higméldle latitudes that leads to distortion of the
vertical propagation of the wave into the strat@sph

The results of numerical simulation with the MUAMuaasv that the response of the
stratosphere to an increase of SPW amplitudesedbther boundary substantially depends on the
SPW1 amplitude. In the case of larger amplitud@iower boundary the stratospheric response is
nonlinear due to the restriction of wave amplitudiginates in the stratosphere that is called the
nonlinear saturation. Numerical simulation showat tihne nonlinear saturation appears earlier, i.e.,
under smaller SPW1 amplitude, during the easteBp@onditions.

The work have been supported by the RFBR grant2-05-31438 Ne12-05-31360, andNel12-05-
31423 and\e 12-05-33071.

Analyzing the Factors Affecting the Origin an  d Evolution of Sudden
Stratospheric Warmings

0.S. Kochetkova (olgak@iszf.irk.ruy.l. Mordvinov, M.A. Rudneva
Institute of Solar-Terrestrial Physics (ISTP), Siha Branch, Russian Academy of Sciences, IrkiRaksia

There is no doubt that sudden stratospheric warn(i@Ws) are caused by large-scale
dynamic processes in the troposphere. The causbddBSW evolution may be the orographic or
thermal excitation, blockings, eigenoscillations ihe lower atmosphere. Quasi-biennial
oscillations, low-latitude wave disturbances, saladl geomagnetic activity also affect SSWs. Some
researchers mention an inverse effect: the tropgpbirculation response to SSWs.

By using empirical data, we endeavor to revealrtile of different sources in generating
SSWs. To estimate the intensity of orographic @xicih, we propose an index determined by the
heterogeneity underlying surface and the wind spkddrned out that there is an increase in the
index for the lower troposphere several days be&8®/s. This feature can be used to predict the
stratospheric warmings. We monitored the evolutbblocking situations through blocking index.
The origin of blocking or their evolution in somecsors of the Northern Hemisphere contributes to
the SSW evolution. The SSW dependence on the lsigckhnd on the orographic excitation
simultaneously may be explained by a blocking effen the structure of jet streams near
mountains. SSWs are sometimes followed by thedoasioscillations propagating from the low
latitudes. To analyze the spatial structure ofwlaee and of the vortex energy transport, we used
the wave activity three-dimensional fluxes. The wactivity transport typically occurs from the
troposphere to the stratosphere before and duldWy.SAt the SSW final phase, the wave activity
3D flux mainly streams downward.
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Numerical Modelling of Stationary Orographic W  ave Influence on the
Meridional Circulation and Planetary Waves in the Middle Atmosphere

A.V. Koval' (koval _spbu@mail.fy N.M. GavriloV}, A.l. Pogoreltse¥; E.N. Savenkova
'Saint-Petersburg State University, Physics Facultylyanovskaya ul., Saint-Petersburg-Petrodvorgisssia
“Russian State University, 98 Malookhtinsky prinSRetersburgPoccus

Generation of stationary orographic gravity wave&yWs) by the Earth's surface topography
and propagation of these waves into the middle wpper atmosphere may lead to the changes in
the general circulation, as well as the amplitudé ather parameters of planetary waves at high
altitudes. The sensitivity of the general circudatiof the atmosphere at altitudes from the
troposphere to the thermosphere to the effectb@iQGWs propagating from the troposphere, is
studied. Parameterization of dynamical and themffalcts of stationary orographic gravity waves
generated by the Earth's surface topography isrpocated into a numerical model of general
circulation of the middle and upper atmosphere (MIJA

The numerical simulation of the general circulationhe atmosphere and the influence on the
meridional and vertical winds exerted by the staiy orographic waves are performed. Changes
in atmospheric circulation and amplitudes of plangtvaves due to variations of OGW generation
and propagation are considered. It is shown theatrtain OGW dynamical and heat effects occur in
the middle atmosphere, where changes in planetavg \amplitudes due to OGWs may reach up to
50%. It is also shown that taking into account dyaamical and thermal effects of OGWs in the
numerical model results in the changes in the rrarad circulation and related ozone flux of up to
20-30% at the maximum altitude of the ozone layerinvestigate the dependence of orographic
wave propagation conditions on the phase of theigaannial oscillation (QBO) of the zonal flow,
the background fields and initial conditions typitawestern and eastern QBO phases are used in
the MUAM calculations. It is shown that changegamal flow over the equator significantly affect
the conditions of propagation of orographic waves.

This work was partially supported by the RFBR (gsafa 12-05-31438Ne 12-05-33071).

A Study of Mesoscale Cyclonic Vortices Embedd ed in the South Atlantic
Convergence Zone

Mario F.L. Quadrd (mguadro95@gmail.comMaria A.F. Silva Dia§ Dirceu L. Herdie$
and Luis G.G. Goncalvés
!Santa Catarina Federal Institute of Education, Scieeand Technology, Av. Mauro Ramos 950, Floriatiepo
SC, 88020-300, Brazi
?|nstitute of Astronomy and Geophysics, Universitgao Paulo, Brazil
3Center for Weather Forecast and Climate StudiesioNal Institute for Space Research, Brazil

The objective of this work is to study the behawbdmesoscale cyclonic vortices (MCVs)
over South America, principally those that formassociation with the South Atlantic Convergence
zone (SACZ), with a view toward identifying the lwasharacteristics of the formation of these
MCVs. Such vortices, embedded in the SACZ clouddbare selected by means of an objective
criterion based on the vorticity and circulationtloé systems, and was applied from 2000 to 2009,
during which period a total of 300 moist MCVs weletected in the lower troposphere and 277 in
the upper troposphere. In the lower troposphegenthjority of the MCVs are found more to the
SW of the continental coastal zone (CCS) of the 34Md are possibly related to topographic
effects and local instability generated by transmrstems that penetrate the SACZ region. Other
striking features of the MCVs are that a small jortof the total rainfall associated with these
systems is of convective origin with the most iserortices (stronger cyclonic rotation) extending
from above the planetary boundary layer (PBL) uapproximately 700 hPa. Also, it is verified
that in this region vortices of maximum cyclonicrticity correspond to extremes of precipitation.
A thermodynamic analysis of two selected MCVs ia titeanic regions (OCS) of the SACZ and in
the CCS, emphasizes that both systems are assbwidltean intense transport of moisture to the
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upper troposphere, from formation until dissipatishen the fluxes of sensible and latent heat are
reduced. In this sense, it is believed that they bemore efficient than cyclonic vortices at upper
levels in producing heavy rainfall by being closethe surface, where dissipation enhances the
convergence. These MCVs extended to more tharemeéin the troposphere, quickly dissipated
and caused precipitation of over 150 mm.

Analyzing Propagation of Low-Frequency Dissipat ive Oscillations in the
Upper Atmosphere

G.V. Rudenko
Institute of Solar-Terrestrial Physics (ISTP), Siha Branch, Russian Academy of Sciences, IrkiRaksia

At a horizontally homogeneous isothermal atmosplaggroximation, we have obtained a
general ordinary six-order differential equationschibing low-frequency linear disturbances in
terms of heat conductivity and viscosity of mediurhe wave problem may be solved analytically
by representing the solution through generalizegehyeometric functions only at a nonviscous
heat-conducting isothermal atmosphere approximafidre analytical solution may be used for
gualitative and quantitative analysis of propagatd infrasound and internal gravity waves in the
real atmosphere; i.e., for classification of wawéslifferent frequencies and horizontal scales by a
degree of damping and thus by their ability to @ppe observations and in the general dynamics of
the upper atmosphere; for investigation into vasreg of amplitude and phase characteristics during
disturbance propagation in a height region with ohamt dissipation; for analysis of applicability of
the quasi-classical wave description in a mediuth exponentially increasing dissipation.

We describe wave and quasi-classical methods fostaacting waveguide solutions (non-
dissipative ones fitting a range of internal grawitaves) with due regard to wave leakage into the
upper atmosphere. We propose a qualitative schehmehwormally connects the leakage wave
solution to the wave solution in the upper dissygatatmosphere. Spatial and frequency
characteristics of dissipative disturbances in dpper atmosphere generated by the waveguide
leakage effect are demonstrated to agree well whiberved characteristics of middle-scale
traveling ionospheric disturbances.

Analysis of Gravity Wave Parameterizations for General Circulation
Modeling of the Middle and Upper Atmosphere

A.S. Zarubin (a-zarubin@mail.ruA.1. Pogoreltsev, A.S. Medvedev
Russian State University, 98 Malookhtinsky prinSBetersburg Poccus

Investigation of coupling between atmospheric layey waves with different spatial and
temporal scales is an important problem of atmasphdynamics. In this work, we study the
influence of internal gravity waves (IGW) on thendynics and thermal state of the upper
atmosphere layers. We performed numerical simuiatith the general circulation model of the
Middle and Upper Atmosphere (MUAM) using differgmarameterization schemes for breaking
and/or saturation. Results of simulations that eygd the parameterization of Lindzen-Holton [1,
2] and spectral schemes of Yigit [3] and Medvedéy Will be analyzed. We will discuss the
advantages and shortcomings of both parametenmatio general circulation modeling of the
middle and upper atmosphere.

This work was partially supported by the RFFI gsaMil2-05-31360Nel12-05-31423u Ne 12-05-
33071.
1. Lindzen R.S. Turbulence and stress owing toityravave and tidal breakdowd. Geophys. Res1981,86,
9707-9714.
2. Holton J.R., Zhu X. A further study of gravityawe induced drag and diffusion in the mesospliker&tmos.
Sci, 1984,41, 2653—-2662.
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3. Yigit, E., A.D. Aylward, and A.S. Medvedev. Pareterization of the effects of vertically propaggtgravity
waves for thermosphere general circulation mod@assitivity studyJ. Geophys. Res2008,113 D19106,
doi:10.1029/2008JD010135.

4. Medvedev, A.S., and G.P. Klaassen. Parametiatizaf gravity wave momentum deposition based on
nonlinear wave interactions: Basic formulation aedsitivity testsl. Atmos. Sol.-Terr. Phy2000,62,
1015-1033.

Spreading and Features of the Spectral Charac teristics of Atmospheric
Acoustic Waves in the Foothills and Mountaino  us Areas in Seismically
Quiet Periods and at the Time of Kapchagai Earthquake 2011

N.M. Salikhov (n1@nursat.netvV.M. Somsikov, B.T. Zhumabayev
Institute of lonosphere, Kamensky plateau, 05008taty, Republic of Kazakhstan

Acoustic waves with the periods about 600 secomdsraore are registered in the surface
layer ofatmosphere and can be generated by gassing froospibere cracks at seismic activity
increasing, and spread on a long distances [Xhignregard monitoring of atmospheric waves with
the period about 600 s can be used for identiboatf precursors of the preparation of large
earthquakes. Relevance of research of ground atredsppressure micropulsations (MGAP) is
connected with attempt of identification of thergts coming from the centers of earthquakes and
their precursors.

Monitoring of MPAD is carried out continuously ifien-Shan mountains in the range of
frequencies (1/400-1/800 Hz) at the altitude of(BB# (point 1 — Cosmostation, 43 ° 02' 33.9" N
76 ° 56 '38.1" E) and 2750 m above sea level {#Radiopoligon Orbita, 43 ° 03'29.9" N 76 °
58 '25.0" E), and also in the foothill at thetalfie of 850 m (point 3 — Almaty, 43 ° 13' 01.878l
° 54 '22.1" E ). Measurements of MPAD backgrouhdattbations have showed that spectral
characteristics of signals from a microbarograppede on a condition of the surfateyer of
atmosphere which within a day has a various waveigc The fluctuations of MPAD don't
exceed 2-3 Pa in "quiet days". Sometimes (one4twe & year) train of oscillations and prolonged
periodic fluctuations of MPAD of high amplitude 50 Pa are observed within several hours. It was
established that the average frequency of a spguiveer of surface MPAD is equal 1/617 Hz at
the altitude of 2750 m, — is displaced in areaighér frequencies and is equal to 1/452 Hz at the
altitude of 850m. Simultaneous registration ofriraf oscillations of MPAD with the period of
400-800 s at altitude and foothill (26.01.2012)svexecuted. It was showed that the speed of
spreading of the fluctuations, measured in the rtens between points 1 and 2, was in the range
of 10-12 m/s, and the speed of spreading of theedhictuations between points 2 and 3 equaled
85 m/s.

The analysis of data of MPAD before and duringKlapachagaysky earthquake (01.05.2011,
mb=5.4) revealed that the spectral power of MPAEhm range of frequencies from 0.0040 Hz to
0.150 Hz (range of the periods 25-6.6 s) on Radigmo Orbita and its envelope significantly
increased from the beginning of seismic activitggy$attention that increasing of spectral power in
this interval of frequencies started before 1 hb8rminuts prior to the first main seismic push.
Aftershocks earthquakes following the main puslo @ave the response in envelope of spectral
power of MPAD. The detection features of spectfaracteristics of MPAD can be identified,

apparently, as a precursor of strong earthqualkegrecursor of the Kapchagaysky earthquake.
1. Vinogradov Yu.A. Infrasounding of the envirormheTheses of 2the Regional Conf. “Problems of demp
geophysical monitoring of the Russian Far EastQ@Petropaviovsk-Kamchatsky, Russia, 110.
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Short-Period Free Oscillations of the Atmosphe re

T.M. Beliaev, G.M. Shved (shved@pobox.spbu.ru)
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

Theory predicts short-period gravity free oscitbas of the atmosphere (FOA) (the ~1-5h
period range). The classical theory for FOA yielts asymptotic formula in the limit of high
frequencies. This formula predicts the frequencgcsm of about 8 pHz between gravity FOAs
which differ by one in the meridional index. By ndlere are only two studies for the period range
under consideration, in which signs of this spadiage been revealed in frequency spectra derived
from series of both seismometer and microbaronmeéasurements.

In present study the data on steady oscillatiorthetconsidered periods are collected. The
data are derived in a variety of ways, namely, &gmic instruments (seismometers, gravimeters,
strainmeters, and tiltmeters), microbarometers, magnetometers. The processing of these data
has revealed the frequency spacing of ~ 7-8uHzpéttsa for all the seasons with exception of
winter. This is evidence that the short-period gyavOAs exist. The most strong FOAs are during
autumn. The processing of the observational dasapplemented by computing the frequencies of
gravity FOAs in the “shallow-water” approximatiomhe applicability of asymptotic formulae is
validated as well.

Revealing of Short-Period Global Waves of the Atmosphere from
Simultaneous Seismometer and Microbarometer Mea  surements

S.I. Ermolenkd, G.M. Shved(shved@pobox.spbu.ru$. Wendt, P. Hoffmann
'Saint-Petersburg State University, Physics Facultylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia
?Institute for Geophysics and Geology, University@ipzig, Germany

*Potsdam Institute for Climate Impact Research, @as 14412 Telegrafenberg A62/2.05, Germany

Both the harmonics of thermal solar tide and freeil@tions of the atmosphere are studied
for the ~1-5h period range. The study is basedcamtinuous co-located seismometer and
microbarometer measurements for the full year @22& Collm, Germany (51.3° N, 13.0° E). The
raw records have been filtered to eliminate sudeelysoscillations with frequencies less than 40,
80, 120, 160, and 200 uHz . The frequency speeiva been obtained for 5-day segments from the
one-year series. The segments are shifted alonggtiess by 1 day. The results of series processing
are given in two forms, namely, as frequency dstions for number of spectral peaks for
confidence levels of 90 and 99%, and as spectrairsdat by multiplying the initial spectra. The
dependence of emergence of global waves on seaasrstwdied. The existence of gravity free
oscillations of the atmosphere at frequencies frednto 250 pHz has been established with
confidence.

An Observational Study of Temporal Structure in the Atmospheric
Thermal Tide

G.A. Frolov (gosha.frolov@gmail.com
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

The thermal tide in the atmosphere presents itaslfa collection of quasi-periodic
perturbations of dynamical parameters. The natpealods for such perturbations are integer
fractions of the solar day, and indeed, spectranafy atmospheric time series clearly show the
corresponding peaks. Thus, it is both mathemagicatinvenient and physically meaningful to
model the tidal components as simple sinusoids ¥éd frequencies. However, in order to
reproduce the real-world data, one has to assuatethih amplitudes and phases of the sinusoids
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vary with time. My goal has been to investigate tlypamics of such variations using archival
barometric data from several sites.

To obtain the dynamics of amplitudes and phaseseweéral tidal harmonics from a single-
station record is a very overdetermined problermh wifinitely many solutions. However, under
some a priori conditions on the processes underlhe changes in the parameters of the tide it can
be solved with the ensemble Kalman filtering. | é@applied this technique to the barometric time
series from Teddington, Kolm and Saint-Petersburgnore than four years combined duration.
Nine highest tidal harmonics have been detectecstuttied. All showed a remarkably varied phase
structure with multiple cross-correlations suggesttheir second-order nonlinear interactions.
Possible causes for this unsteadiness are disguasieolugh no conclusive theory has been as yet
devised.

The purpose of this work is to draw attention te study of the volatile non-averaged
temporal structure of the solar tide, it being agdole indicator of the dynamical processes in the
atmosphere that defy observation by other methods.

The Year-to-Year Variability of Spring and Aut umn Transition Dates in
Wind Regime of the Mid-Latitude Mesosphere/Low er Thermosphere

E. Merzlyakov (eugmer@typhoon.obninsh,rli. Solovjova, Ch. Jacobi
Institute for Experimental Meteorology Research &ndduction Association “Typhoon”, 4 Pobedy Street,
Obninsk, 249038, Russia

We introduce a definition of the spring and aututramsition dates in wind of the mid-
latitude mesosphere/lower thermosphere (MLT) regidre MLT wind data obtained at Obninsk
and Collm with radars in 1979 through 20011 ardyaea. The time series of the transition dates
do not demonstrate any significant long-term tewgieilowever the year-to-year date variability
significantly correlates (in autumn) or anti-coatels (in spring) with the variability of the Northe
Annular Mode index in the stratosphere and tropesplinder a definite phase of the quasi-biennial
oscillations. The variability of the MLT spring @aalso significantly anti-correlates with the polar
vortex breakup date. Numerical simulations with @@MMA-LIM model confirm the influence of
the lower stratosphere and troposphere varialahtyhe variability of the transition dates.

Meteorological Effects in the Stratosphere, Me sosphere, and in Seismic
Activity of the Baikal Rift Zone

O.S. Kochetkova (olgak@iszf.irk.ruA.V. Mikhalev, V.I. Mordvinov, M.A. Chernigovskay
Institute of Solar-Terrestrial Physics (ISTP), Siba Branch, Russian Academy of Sciences, IrkiRaksia

We study the troposphere dynamics, the temperaegene in the stratosphere and the
mesosphere, the upper atmosphere emission, amliceaistivity in the Baikal Rift Zone over 2012
November through 2013 March. Variations in thedgpheric, tropospheric, stratospheric and
mesospheric characteristics occurred either simedtasly or with a time lag during this period. We
found that the wind speed in the lower atmospheitbinvthe mountain massif area reached a
maximum several days before the seismic activitydase in the region. Then, it decreased to a
minimum at the earthquake instant. The periodshif seismic activity growth coincided with
episodes of stratospheric warmings and with areas® in the 557.7 nm atmospheric emission in
the mesosphere and the low thermosphere (85—-115Mmyliscuss probable processes responsible
for the synchronism of the considered parametargatons.

This study was supported by Proje€dHd8-8.3 within the Russian Academy of Scien€®d3 #8
Program, by interdisciplinary integration Projed1#from the Siberian Branch of Russian Academy of
Sciences, and by Project #12-05-00865-a from thssiao Foundation for Basic Research.
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Wave Disturbances of Non-Equilibrium Medium: A tmospheric Gas-
Solar Radiation

K.E. Nurgaliyeva (kdungen@rambler.y). M. Somsikov
Institute of lonosphere, Kamensky plateau, 05008taty, Republic of Kazakhstan

The behavior of wave disturbances in non-equiliorimedium — the atmospheric gas-
solar radiation — taking into account atmosphetiactures and radiation flux interrelations was
investigated in this work. The dispersion relatioh acoustic-gravity waves was found from
simplified system of dynamics in the frames of mmuilibrium thermodynamics. Calculations
show that the taking into account of solar radratieads to slowly decreasing of pressure with
height than without taking it into account. The nmaxm deviation of pressure comes to heights of
10-15 km and amounts about 3%.

The dependence of AGW spectra deviation in the etpnlibrium atmosphere from the
spectra in equilibrium atmosphere from the heighsvwestimated. It has been found that in the
frames of the non-equilibrium the spectra shifts inigh-frequency region. Numerical calculations
also shows that in the heights of ionosphere théisets shown up sharply at transitionally times at
abrupt change of solar energy influx into atmoseher

Analysis of pressure variations shows the experiaig@ove of existing of obvious trend of
spectra shift into high-frequency region of daytispectra relatively to nighttime spectra and the
difference is 10% and proves the correctness afrétieal calculations.

Comparison of Torsional Vibrations in the Atmo sphere, Obtained
According to NCEP/NCAR Ranalysis| and ECWMF E RA-40 Data Archives

Devyatova E.V. (devyatova@iszf.irk.rufordvinov V.I., Kochetkova O.C., Rudneva M.A.
Institute of Solar-Terrestrial Physics (ISTP), Siha Branch, Russian Academy of Sciences, IrkiRaksia

In previous studies using NCEP/NCAR Ranalysis ladat found torsional oscillations —
variations of the mean zonal flow with time scal@sging from weeks to months, extending along
the meridian in the middle and low latitudes. Instipaper, we compare torsional oscillations
calculated with use two reanalysis archives: NCEFXR Ranalysis | and ECWMF ERA-40. The
calculations were based on the information aboeitztimal wind component on the levels 500, 150
and 10 hPa from 1958 to 2002. On the levels 5001&0dhPa correlation coefficients have a value
of about 0.6 before 1970. Since 1970, the coraatpbefficients are increased gradually to 0.9. For
the 10 hPa level before 1970 correlation coeffitseme in the range 0.3-0.4. After 1970 correlation
coefficients are increased to 0.7 by the end ofthdy period.

Long-term Variations in the Characteristics of the Northern Hemisphere
Sudden Stratospheric Warmings in 1975-2013

M.A. Rudneva (rudneva@mail.iszf.irk.rup.S. Kochetkova, V.l. Mordvinov
Institute of Solar-Terrestrial Physics (ISTP), Sihe Branch, Russian Academy of Sciences, IrkiRaksia

Studying the processes in the stratosphere andsttagosphere-troposphere couplings is
important and topical when investigating the gehaieculation of the atmosphere. Sudden
stratospheric warmings are the main feature ofvtlmter stratosphere dynamics. They owe their
existence to the interaction of tropospheric anat@spheric processes. We address and describe the
Northern Hemisphere stratospheric warmings in 190%3. Also, we determine the main
characteristics for each warming: maximal tempeea@nd geopotential, duration, location (the
hemisphere sector where the warming evolved).
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SESSION 8. "STRUCTURE OF MIDDLE AND UPPER ATMOSPHER E OF THE
EARTH AND OTHER PLANETS"

Chairman: Prof. S.P. Smyshlyaev (RSHU, SPb)
Co-chairmen: Prof. A.l. Semenov (IFA RAS, Moscow), Dr. A.M. Zadorozhny (NGU,
Novosibirsk), Dr. E. Rozanov (World Radiation Center, Davos, Switzerland)

Mesosphere Temperature Profile Retrieval Based on the Wide-Angle
Polarization Measurements of Scattering Radiati on during the Twilight
Period

0O.S. Ugolnikov (ougolnikov@gmail.com)A. Maslov
Space Research Institute of Russian Academy afc®sie84/32 Profsoyuznaya str., 117997 Moscow,i®Russ

The work is devoted to the study of Earth’s mesesploptical properties based on the
measurements of twilight sky intensity and poldra@aconducted at the latitude 55°N during the
spring-summer period of 2011 and 2012 with widelapglarization camera (field of view is about
140°). The basic results are obtained in 2012.

The developed method of single scattering separaiial calculation of its scattering function
is based on observational data over the whole measuart of the sky. The exact polarization
analysis of multiple scattering properties helpsstbtract it from the total background. Linear
relation of Stokes components of multiple scattenis established for the pairs of sky points,
symmetrical relatively the plane perpendicular ke tsolar vertical. Single scattering field is
retrieved at the altitude range from 70 to 85 krhs@vational analysis had shown that the single
scattering polarization in the mesosphere is uguelbse to Rayleigh value, revealing the
domination of molecular scattering. For this cabke tltitude dependency of pressure and
temperature can be obtained.

The temperature values based on the twilight measemts are compared with the satellite
infrared emission data (experiment SABER onboaedtMED satellite, experiment MLS onboard
the EOS Aura satellite). The comparison shows thattwilight values are little bit less than
SABER ones, but exceed the MLS temperatures (ifiereince between SABER and MLS data
was found straight after the start of EOS Aura missand reaches 5-10 K in the northern
hemisphere during the summer).

The accuracy of temperature measurements and agméemth satellite data show the
efficiency of twilight method for the mesospherenperature control. The problem is actual due to
the increase of mesosphere trace gases (first1ofCék) density and their influence to the

temperature by the radiative cooling process.
The work is done with the financial support of RassFoundation for Basic Research, grant No.12-
05-00501a.

Temperature Variability in the Mesopause Regio n from Ground-Based Mid-
Latitudinal Observations of the Hydroxyl Airgl ow

V.I. PerminoV (v.perminov@rambler.iiA.l. Semenol, 1.V. Medvedeva N.N. Pertsel

and Yu.A. ZheleznoV
!A.M. Obukhov Institute of Atmospheric Physics, RASyzhevsky per., 119017 Moscow, Russia
?|nstitute of Solar-Terrestrial Physics (ISTP), Sika Branch, Russian Academy of Sciences, IrkiRsksia
®Institute of Electrophysics and Electric Power R&88nkt-Petersburg, Russia

Infra-red spectral observations of the hydroxybglw (80-100 km) at Zvenigorod (56° N,
37° E) from 2000 to 2012 and Tory (52° N, 103°rRijrf 2008 to 2012 have been analyzed to obtain
the climatological longitidunal features of tempara variability in the mid-latitudinal mesopause
region. The temperature was determined from thatiost-vibration OH(6-2) band. The analyzed
parameters are the amplitudes and phases of sédsonaonics, monthly and nightly variances,
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caused by the activity of waves of different tineles The last two parameters are analyzed in
relative units, i.e., they are taken as the raifogariances to the square of temperature, averfged
the corresponding time interval. A comparison @fs parameters of the temperature variability for
the both observational sites is carried out. Itfasnd that at these sites the mean annual
temperatures T(= 191-19X) and characteristics seasonal harmonics (aparh fter-annual
harmonic), amplitudes of which arel = 23—-24K andA2 = 5-7K, are close. Differences are noted
in the variances, the values of which are higheff@aty. Especially it is seen in the monthly
variances, which at Tory are larger by a factot .6f

The year-to-year variations of the temperaturealality parameters are investigated on the
base of the data from Zvenigorod. The qusi-beanani@l5.5-year oscillations, dependence on solar
activity and long-term trend are established.

This work was supported by RFBR, grant 12-05-0186®] Program P4 fundamental researches of
the RAS Presidium for 2013.

UV Emissions of the Extended Hot Atom Corona e of Terrestrial Planets

V.l. Shematovich_(shematov@inasa.ru
Institute of Astronomy RAS, 48 Pyatnitskaya sfr901L7 Moscow, Russia

Solar forcing on the upper atmospheres of the s&rad planets via both UV absorption and
atmospheric sputtering results in the formationanfextended neutral corona populated by the
suprathermal (hot) H, C, and O atoms (see, e.]J., The hot corona, in turn, is altered by an inflo
of the solar wind/magnetospheric plasma and locki-pp ions onto the planetary exosphere. Such
inflow results in the formation of the supertherratdms (energetic neutral atoms — ENAS) due to
the charge exchange with the high-energy precipgabns and can affect the long-term evolution
of the atmosphere due to the atmospheric escape.

The origin, kinetics and transport of the supratierH, C, and O atoms in the transition
regions (from thermosphere to exosphere) of theed#rral upper atmospheres are discussed.
Reactions of dissociative recombination of the gpieeric ions O,+, CO+, and @+ with thermal
electrons are the main photochemical sources ofabams. The dissociation of atmospheric
molecules by the solar UV radiation and accompanyphotoelectron fluxes and the induced
exothermic photochemistry are also the importanirses of the suprathermal atoms. Kinetic
energy distribution functions of: (a) suprathermtms were calculated using the stochastic model
of the hot planetary corona [2]; (b) supertherntaNA) atoms were calculated using the Monte
Carlo model [3] of the high-energy proton and hygsno atom precipitation into the atmosphere.
These functions allowed us to obtain and compagespiace distribution of suprathermals in the
transition regions of Venus, Earth and Mars anckloulate the UV emissions. Recent observations
of the Ly-alpha H emission by the SPICAM instrumenboard Mars Express spacecraft showed
the presence of hot and thermal fractions of atonyidrogen in the extended corona at Mars.
Collisional coupling between light hydrogen and heavy atoms is considered in calculations as an
important additional source of the suprathermal rbgdn atoms in the corona. Results of
calculations were also compared with the obsermatad the UV emissions by the UV spectrometer
of SPICAM (SPICAV) instrument and ENA spectra measwents made by ASPERA-3
(ASPERA-4) instrument onboard of the ESA Mars Expr@/enus Express) spacecratt.

This work is supported by the RFBR project No. 2100479a and by the Basic Research Program of
the Presidium of the Russian Academy of Sciencesy(Bm 22).

1. Johnson R.E., Combi M.R., Fox J.L., et al. Exesps and atmospheric escapp. Sci. Rey2008,139, 355—

390.
2. Shematovich V.I. Stochastic models of hot planeand satellite coronaSolar System Resear004,38,
28-38.

3. Shematovich V. I, D. V. Bisikalo, C. Diuval, &t Proton and hydrogen atom transport in the ilanipper
atmosphere with an induced magnetic fidldGeophys. Re2011,116, doi:10.1029/2011JA017007.
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Some Aspects of Quasidecadal Oscillations of Total Ozone, Geopotential
Height and Temperature During Solar Cycles 23 -24

K.N. Visheratin (kvisher@typhoon.obninsK.ru
Institute for Experimental Meteorology Research &ndduction Association “Typhoon”, 4 Pobedy Street,
Obninsk, 249038, Russia

Quasidecadal oscillations (QDO) in total ozone (M@re analyzed early in many papers.
Possible association of these oscillations withy@dr sun activity (SA) was marked in numerous
statistical and modeling studies. Though soladiemace varies slightly over the 11 year cycle, Isola
cycle length (if to exclude the abnormal periodshsas Dalton or Maunder minima) vary from 10
to 12 years. Comparison of the phase between SAT&@N@DO shows a number of interesting
features [1]. Before 1960-s maxima of TO QDO labibe corresponding maxima of SA and can
be even close to an antiphase. During 1970-s yaarsst synchronous variations were observed.
During subsequent solar cycles maxima of the tmtahe QDO began to outstrip maxima of solar
activity.

Variations of solar activity in the XXI century asmique and are similar to Dalton minimum
in the beginning of XIX century. Cycle 23 of thelaoactivity had a maximum approximately in
2001 and lasted 3 years longer than cycle 22 dpeaend of 2009. Cycle 24 maximum probably
takes place in 2012. If solar activity depends otaltozone QDO then the next total ozone
maximum also should come with a significant delawt if total ozone QDO is caused by other
mechanisms, for example by the own oscillationhef Earth climatic system, then tendency found
in [1] should be kept, i.e. the next ozone maximsinould significantly outstrip the cycle 24
maximum. It can be suggested that similar phasatioel exist for other ozone correlated
parameters of the upper troposphere-lower stragyeph

To verify this hypothesis the phase relations betweuasidecadal oscillations of solar
activity, total ozone, temperature and geopotehigght are analyzed by the composite method [1,
2]. The data set used in the present study arehtyomiean values of the total ozone (Aroza, from
1932 to 2012), temperatures and a geopotentiahteemyer Aroza (NCEP-NCAR, from 1949 to
2012) and international index of sunspot numbet®$8eam). Results obtained have shown that
total ozone had a maximum in 2009 and at preserd tzone QDO are in an antiphase to solar
variations. The temperature and geopotential heigfatsidecadal oscillations at 50-100 mb lag
behind total ozone with phase shift approximatelyl-2 years and during the last years they also
vary approximately in antiphase with solar activifijhe period through which sign of the
correlation between total ozone and 11-year sofalecinverted is about 38—40 years. At upper
pressure levels these tendencies remain for geaadtbeight but for temperature they will more
complicated.

1. Visheratin K.N. Relationship between phasesuafsitdecadal oscillations of total ozone and thgddr solar

cycle.Geomagnetism and Aeronon®p12,52, 1, pp. 94-102.
2. Visheratin K.N., V.V. Kuznetzov. Spatio-tempovaliations of the phase of total ozone basic latiihs on

the basis of satellite data measurements TOMS-SBldtlial problems in remote sensing of the Earth from
space 2012,9, 2, 192-199. (http://d33.infospace.ru/d33_conflz22/192-199.pdf).
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MopenupoBaHue BNUsiHUA CONTHEYHOW aKTUBHOCTU Ha MEXrogoBYH
M3MEHYMBOCTb COAEepXaHMs O30Ha U TemnepaTtypy aTmocdepbl

Jemumenko A.K.}, Cmpimnses C.I1.1 (smyshl@rshu.ryY amun B.51.2
1 . . . N .
Poccutickuil cocyoapcmeennviii 2uopomemeoponocudeckuil ynusepcumem, Manooxmunckuii np. 98, 195196
Canxm-Ilemepbype, Poccus
“Uncmumym evruuciumensnoti mamemamuku PAH, yn. I'voxuna 8, 119991 Mocxkea, Poccus

Modeling of the Solar Activity Impact on the Atmospheric Ozone and
Temperature Interannual Variability

A.K. Lemischenkd, S.P. Smyshlyaéysmyshl@rshu.ry)V.Ya. Galirf

'Russian State University, 98 Malookhtinsky prinSBetersburg Poccus
?|nstitute of Numerical Mathematics RAS, 8 Gubkin $19333 Moscow, Russia

OnuHHAIUATUICTHUI LUK COJHEYHOW AaKTUBHOCTU MPUBOJIUT JUIIbL K HE3HAYUTEIbHBIM
BapHallsIM COJIHEYHOU MOCTOSIHHON B Ipenesax AECAThIX MPOIEHTa, OJHAKO B YIbTPadUOIeTOBOM
o0JacTu CHeKTpa M3MEHYHMBOCTH MOTOKOB COJIHEYHOW paguaIliM MOXKET JOCTUTATh MPOLIEHTOB W
JaXKe WX JEeCATKOB. Takas M3MEHUYMBOCTh MOKET OKa3aTh CYIIECTBEHHOE BO3/ACHCTBUE HA COCTaB U
CTPYKTYpy aTMocdepsl. B HacTosmei paboTe XUMHUKO-KIMMaTH4YeCKas MOJIEb HIDKHEH U cpeaHen
atMochepsl HCMOJB3YyeTCsl IS  HUCCIEAOBaHUS (U3MYECKUX U XHUMHUYECKHUX IPOLECCOB,
OTIPEACTISIONUX H3MEHYUBOCTh TEMIIEPAaTyphl M cOCTaBa aTMoc(hephl B 3aBUCHUMOCTH OT ypPOBHS
COJIHEYHOM aKTUBHOCTHU. [IpuBOASTCA pe3ysibTaThl MOJEIIBHBIX YHCICHHBIX 3KCIIEPUMEHTOB, B
KOTOPBIX MOJAKIIOYAIOCh U OTKJIKOYAIOCh BIIMSHHE COJHEYHOW aKTUBHOCTH HA HArpeB M XHUMHIO
cpenueii armocdepnl. [lo pe3ymbraTaM MOMAEIBHBIX JKCIHEPUMEHTOB TPUBOASTCS YHCICHHBIC
OLICHKH YYBCTBUTEIBHOCTH COCTaBa U TEMIEpaTypbl aTMoc(epbl K M3MEHYMBOCTH COJHEYHOU
AKTUBHOCTH.

Pabora BrmmomHeHa B pamkax rpaHTta [IpaButensctBa P® (oroBop Nell.G34.31.0078)mis
MOJICP)KKA UCCIICOBAaHUI TOJI PYKOBOJICTBOM BEAYIIMX YYEHBIX, pU THojaiepkke Poccuiickoro ¢onma
¢dbyHaaMeHTanbHBIX HccaemoBanmii  (mpoekt Ne 11-05-01201z), a Taxke B paMKaXx MEpPONPHATHI

®denepanbHO LieneBor nporpammbl «HaydHble M1 HayqHO-TIEIarorudeckre KaJipbl MHHOBAIIMOHHOW Poccun»
Ha 2009-20130151.

MopenbHoe uccnepoBaHue rnobanbHbIX 3(PeKTOB BYIIKaHUYECKUX
BbIOpOCOB B cTpaToccepy

Tonnos 9.A.L, Tanmun B.51.2, Cuemwises C.IT.! (smyshl@rshu.ru)

YPoccuiickuii 20cyoapemeennviii 2udpomemeoponozuyeckuii ynusepcumem, Marooxmunckuii np. 98, 195196
Canxm-Ilemepbype, Poccus
“Uncmumym evruuciumensnoti mamemamuku PAH, yn. I'voxuna 8, 119991 Mocxkea, Poccus

A Model Study of the Global Effects of Volc anic Eruptions to the
Stratosphere

Ya.A. Gontsov, V.Ya. Galirf, S.P. Smyshlyaé(smyshl@rshu.ru)

'Russian State University, 98 Malookhtinsky prinSBetersburg Poccus
?|nstitute of Numerical Mathematics RAS, 8 Gubkin $19333 Moscow, Russia

Bynkanndeckue BBIOPOCHI OKa3bIBAIOT CYLIECTBEHHOE BIMSHUE HAa XUMHUYECKUH COCTaB H
paguaIMoOHHBIA PeKUM aTMoc(epbl B paiioHe BHIOPOCOB M MPHJICTAIOMINX peruoHax. [Ipu sTom B
OOJIBIIMHCTBE CIIy4aeB 3TU 3((EKTHI SABIAIOTCS KPAaTKOCPOUYHBIMU U MEPECTAIOT OUIYIIATHCS YiKe
yepe3 HECKOJIbKO MECSIeB I0Ciie H3BEP)KeHUH ByJakaHOB. OJHAKO B HEKOTOPBIX Cilydasx
BYJIKAHMYECKHE BBIOPOCHI JOCTUTAIOT CTpaTrocdepbl, M TOrAa MX BO3JACUCTBHE HA COCTaB HU
CTPYKTYpY aTMoc(hepbl MOXKET NpOJOKATHECS B TEUYEHHUE HECKOJIBKUX JIeT, MPUYEM MOXKET
OIYIIAThCS TJIO0ATBHO B pe3yJbTaTe MEPEeHOCa MPOAYKTOB BYJIKAHMYECKHX BBIOPOCOB O0OIIEH
mupkymnanueit  atmocgepbl. OCHOBHOE BIUSHHE BYJIKAHMUECKHMX BBIOPOCOB Ha arMmochepy
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MPOUCXOUT B pE3ylIbTaTe pPATUAIMOHHBIX W XUMHYECKHX 3(dexToB (opmupyromerocss B
pe3yibTaTe U3BEPKEHUHN CYIh()AaTHOTO a’p030Jsl, KOTOPBIA TMOTJIOMIAET M PACCEUBAET COJHEYHYIO
paZualuIo U CO3AAET YCIOBUS /ISl TETEPOreHHBIX XUMUYECKUX PEAKIUil Ha €ro MOBEPXHOCTH.

B Hacrosmelt pabote ¢usnueckue u xumudeckue S(OQPEKThl YBETUUYEHUS COJCpKAHUS
cTpaTocepHOro a’p0o30Js MOCIe KPYIMHBIX BYJIKAHUYECKHX BBHIOPOCOB UCCIEAYIOTCS C TTOMOIIBIO
I00ATHPHOM XMUMHUKO-KJIMMAaTHUYECKOM MOJIETTM HIDKHEWM W cpemHed atmocdepbl. Mexromonas
W3MEHUYUBOCTh COJIEP’KaHUsI CTPATOCHEpPHOro a’dpo30Js 3aJaeTcs MO JJAHHBIM CIyTHHUKOBBIX
mmepernit SAGE, a xuMuko-knmmaTudeckass MoJIeb, YIYUTHIBAIONIAs BIMSHUE a’3pO30Jsl KaKk Ha
pajuanuio, Tak U Ha XUMUIO aTMOC(EpPbI, UCIIONB3YETCS I paCYeTOB M3MEHUYUBOCTH COJNCPIKAHUS
030Ha W TeMIIepaTypbl Tporocdepsl U cTpaTochepsl B IEPHO KPYITHBIX BYJIKAaHUUECKUX BHIOPOCOB
koHIla XX BeKa.

Pabora BemomHeHa B pamkax rpaHTta [IpaButensctBa P® (oroBop Nell.G34.31.0078)mns
MOJACPKKH HCCIIEI0OBAaHUN TOJ PYKOBOACTBOM BEOYIIMX YYEHBIX, Ipu mojaepkke Poccuiickoro donma
¢byHgaMeHTanbHBIX HccaeqoBanmii (mpoekt Ne 11-05-01201z), a Taxke B paMKaXx MEpPONPHITHI

®denepanbHOM LieneBor nporpammbl «HaydHble M1 HayqHO-TIEIaroru4eckre KaJipbl MHHOBAIIMOHHOW Poccun»
Ha 2009-20130151.

YucneHHoe MoaenupoBaHMe BRUAHUA apKTUUYECKUMX BbIOPOCOB MeTaHa Ha
U3MeHeHMe cocTaBa U CTPYKTYpbl aTtmocdepbl

Cwmemurses C.I1.1 (smyshl@rshu.ryMapees E.A.?, T'amun B.SL.2, Kepros A.M.*

YPoccuiickuii 20cyoapemeennviii 2udpomemeoponozuyeckuii ynusepcumem, Marooxmunckuii np. 98, 195196
Canxm-Ilemepbype, Poccus
2Hnemumym npuknaonoii usuxu PAH, 603950 Yasanosa 46, Huxcnuii Hoszopod, Poccus
SUncmumym evruuciumensnoti mamemamuxu PAH, yn. I'voxuna 8, 119991 Mocxkea, Poccus

Numerical Modeling of the Arctic Methane Emis sions Impact on the
Atmospheric Structure and Composition

S.P. Smyshlyaéysmyshl@rshu.ryE.A. Maree¥, V.Ya. Galir?, A.M. Kertov*
'Russian State University, 98 Malookhtinsky prinSBetersburg Poccus
?Institute of Applied Physics RAS, 46 Ul'yanov $03950 Nizhny Novgorod, Russia
3Institute of Numerical Mathematics RAS, 8 Gubkin $19333 Moscow, Russia

BriOpockl MeTaHa u3 ApPKTUYECKHX Ta30BBIX THAPATOB B aTMocdepy, C OJHOH CTOPOHBHI,
MOTYT IMOBJIASATh HA PAAUALUOHHBIA PEXUM, & C IPYrOM CTOPOHBI, OKa3aTh BO3MYIIECHUE HA XUMUIO
atMocdepsl. B pe3dynbrare 3TOro MOryT BO3HUKATh MOJIOKUTEIbHBIE U OTPUIATENIbHBIE 0OpaTHBIE
CBSI3M MEX]Iy U3MEHEHUSIMHU TEMIIePaTypbl U XUMUYECKOTO COCTaBa Kak APKTHUYECKO aTMocdepsl,
Tak ¥ B ryobampHOM MacmTabe. [lomoxxkurenbHble oOpaTHBIE CBS3M MOTYT NPUBOAMTH K €IIE
0OJIbIIEMy YBEIMYCHHIO KOHIIEHTPAIIMM METaHa W TemIepaTypsl arMocdepbl. OTpunareiabHbe
oOpaTHbBIE CBSI3U MOTYT CMSTYHUTH 3(PQEKThl BIUSHUS METaHa Ha KJIMMAaT M XUMHUYECKHI cocTaB
atMoctepsl. [ToMmumo 3TOrOo, B pe3ynbTare BIHUSHHUS METaHA HA COJCPIKAHUE THIPOKCHIBHBIX
paZvKaioB B MPU3EMHOM ciioe arMocdepbl, I KOTOPBIX METaH SIBISETCS OAHUM U3 OCHOBHBIX
paspymmTeneif, MOXeT YXYAIIUTHCS CIOCOOHOCTh HIDKHEH aTMocdepbl K caMOOuYulIeHHi0. B
pe3yNbTaTe ATOr0 MOXKET YXYAIIUTHCSA SKOJIOTHYecKas CUTyallHs B pETMOHE BBIOPOCOB METaHA HE
TOJBKO B PE3YJIbTATE YBEIWYEHHUSI €r0 KOHLIEHTPALMi, HO U 3a CYET YBEIMYEHUsS KOHUEHTPALMM
JOPYTUX KOMIIOHEHTOB, Pa3pylI€HUE KOTOPBIX MPOUCXOAMT B PE3YNIbTATE XUMHUUYECKHX PEAKLIUN C
TUAPOKCUIIBHBIMU PATUKATIAMH.

B Hacrosielt paboTe BBINOIHEHO MOJIEIbHOE MCCIIEOBaHUE BIMUSHHS BHIOPOCOB METaHa Ha
XMMHIO U PaJMAllMOHHBINA PEXKHUM CpEHEH aTMOC(EPHI.

Pabora BemmomHeHa B pamkax rpanTta [IpaButensctBa P® (oroBop Nell.G34.31.0078)mus
HOJICP>)KKH MCCIEIOBAaHMI 1O/l PYKOBOJICTBOM BEAYIIMX YYEHBIX, IpU mopaiepikke Poccuiickoro ¢onma
(byHIaMeHTanBHBIX nccmenoBannii (mpoextsr Ne 11-05-01201a, 10-05-01045:, 11-05-1205%¢u-m-2011),
a TaKkXKe B paMKax meponpusatuii DenepanbHOi HeneBoil mporpaMmbl «HaydHble M Hay4HO-TIEIarOrHYECKUE
KaJipbl ”HHOBAIMOHHOM Poccum» Ha 2009-2013 onb1.
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BnusiHme reteporeHHbIX peakuum Ha OTKNMK aTtMocdepbl Ha a’po30sibHOe
BO3aeucTBMe B cTpaTtoccepe

TCamun B.S1.2 (qalin@inm.ras.ry)CMbIIuIsicB C.I1.2
YUnemumym soruucnumensnori mamemamuxu PAH, yn. I'yoxuna 8, 119991 Mockea, Poccus
2poccutickuii 20Cy0apcmeentblil 2udpomemeoponocuieckuil yHueepcumem, Manooxmunckuii np. 98, 195196
Canxm-Ilemepbype, Poccus.

Heterogeneous Reactions Impact on the Atmosphe re Response to the
Stratospheric Aerosol Forcing

V.Ya. Galint (galin@inm.ras.ry)S.P. Smyshlyaév
YInstitute of Numerical Mathematics RAS, 8 Gubkin $19333 Moscow, Russia
Russian State University, 98 Malookhtinsky prinSBetersburgPoccus

CoBMecTHas XUMHKO-KIIMMaTHYeCKass MoJenb arMocdepsl [1] mcmomb3yercss Uisi OLIEHKU
pOJIU TeTePOTreHHBIX peakuui B (OPMUPOBAHUU OTKIMKA aTMOc(epbl Ha TeMIIEpaTypHbIH PEXUM
aTMocepsl U cojepxkaHue o30HA. [lokazaHo, YTO B NMPOTHUBOBEC K paavallMOHHOMY 3(ddexty
BBOJMMOI0 B cTpaTochepy CEpHOKHCIOro a’3po3odisi, KOTjJa TemIepaTypa cTpaToc(epHBIX CIOeB
BO3PACTAET, FeTEPOrCHHBIC PEAKIMH MPUBOJIAT K YOBIBAHUIO TEMIIEPATyphl 3THX ke ciioeB. OHaKO
€ClIM  paJualliOHHOE B3aUMOJAEHCTBHE C POCTOM KOHIEHTPALMU a’po30Jsl CIOCOOCTBYET
HEMPEPHIBHOMY POCTY TEMIepaTypbl, TO TeTeporeHHbIe >(PQEeKThl yOBIBaHUS TEeMIIEpaTyphl ¢
pPOCTOM KOHIIGHTpALIMU a3po30Jisi OBICTPO HACHILAIOTCS, IEPECTAIOT MEHATHCS, JIOCTHTHYB
HEKOTOpPOro MOPOTOBOro 3HaueHus. B pesynbTare ¢ pocTOM KOHUEHTpPALMK YacTHIl a3po30Jis BCe
Ke HAuyMHAIOT Tpeolnajarth paavanuoHHble 3((eKTbl, U Temreparypa cTpaTochepbl B HTOTe
Bo3pacraeT. [Ipu 3ToM Ha KOPOTKOBOJIHOBBIN OanaHC pagualiid Ha BEPXHEHW TrpaHUIle aTMOChEpHI
reTepOoreHHbIC Peakiuu BIUSIOT c1abo. To ke MOXHO cka3aTh U 00 yXOAsiel JIMHHOBOJIHOBOM
paauanuu ¢ BEpXHel rpaHuilbl aTMOC(HEpHI.

[To nanHbIM HAOMIOACHUN BPEMEHHOH XOJ aHOMAJHMI TeMIepaTypbl HUXKHEU CTpaTocgepsl
YETKO MMOKAa3bIBAeT BIMSIHUE BYJIKAaHHYCCKUX BHIOpOCOB Dnb-Uuuon (1981)u IMunary6o (1991)Ha
U3MEHEHHUE TEMIEPaTypbl a’3pO30JbHBIX CJI0€B. Ecium B MOJEIM YYMTHIBAIOTCS I'€TEPOTEHHBIE
peaxkiuu, TO 3TH BBIOPOCHI CKa3bIBAIOTCS Ha W3MEHEHUSX TemIepaTyphl ciabo. I'eTreporeHHble
peaKuuu CIIIaKUBAOT BIUSIHHUE BYJIKaHOB. Eciin jke B MOZIETN OTKJIFOUUTH I€TEPOr€HHBIE PEAKINH,
OCTaBHUB TOJIbKO DPaJMAllMOHHOE B3aWMOJEHUCTBHE, TO BIMSHHME BYJIKAHOB B IIOJIE TEMIIEPATypbl
IIPOSIBIISIETCS] OUEHB XOPOILIO.

Pabota BemmonHena npu ¢punancosoit noaaepxkke PODU: npoext Ne 11-05-01201a.

1.Tamuu B.4., C.I1. Cmeinuise, E.M. Bonoaus. CoBMeCTHas: XUMUKO-KITMMATHIECKast MOJICITb aTMOC(EpHI.
Hzeecmus PAH. Qusuxa ammocghepor u okeana, 2007 43, 4, 437—-452.

Seasonal Variation of Aerosol Vertical Distribu  tion in the Martian
Atmosphere and Detection of the Bimodal Distr  ibution from Solar
Occultations on Mars-Express

A.A. Fedorova? (fedorova@iki.rssi.ry)F. Montmessif) A. Rodirf*, O.1. Korablev?,

L. Maltagliat’, A. Maattener) J.-L. Bertau%
!Space Research Institute, 84/32 Profsoyuznaya,71Mbscow, Russia
“Moscow Institute of Physics and Technology, Instityidr. 9, 141700 Dolgoprudnyi, Russia
3LATMOS, 78280 Guyancourt , France
“LESIA, Observatioire Paris-Meudon, France

Dust cycle is one of the most important in the Nartclimate system. Martian dust,
consisting mainly of mineral particles, lifts fraifme surface by winds and dust devils. Being active
radiation, dust with water clouds is involved iretheating and cooling of different atmospheric
layers, absorbing, scattering and re-radiatingrs@diation in the thermal infrared. Furthermore,
the dust particles are condensation nuclei fofdhmation of water and C{ce clouds.
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We will present results of long-term observatiorfstloe Martian atmosphere by solar
occultation technics in the near-IR range. SPICApectrometer on board the Mars Express
spacecraft has been working on the orbit of Marsesdanuary 2004. During the four Martian years
800 solar occultations have been performed. SPICSpéctral range allows simultaneous
observations of 1.43 um G®and for the atmospheric density, the 1.38 um rplisn band of
water vapor to get the J@ density, and the distribution of aerosols wittitde measuring the
opacity of the atmosphere in the spectral rangenfoto 1.7 um. In the experiment, aerosol
extinction profiles have been obtained at altituiles 0 to 90 km with a vertical resolution of 2 to
10 km depending on distance to limb. We also canmsideir seasonal and latitudinal variations.
Retrieved values of effective radius vary from@ 1.5 um.

Special attention was paid to the summer in théhean hemisphere, where the water vapor
supersaturation in the middle atmosphere has beeently discovered (up to the values of
S = p/psat ~ 3-5) [1]. Simultaneous analysis obs@r extinction in the UV and IR range at
different altitudes during this period has enalleal first direct detection of a bimodal distributtio
of Martian dust particles with characteristic radnf 0.04—0.07 um and 0.7-0.8 um. The number
density of small fraction varies from 103 €rat 10 km to 10 cfat 40 km. The concentrations and
the effective radius of the particles correspondhi® Aitken particles in the Earth's atmosphere.
Unfortunately, the spectrometer cannot determiree rihture of the particles, so dust and ice
particles were considered. Such concentration @llgparticles in the presence of a large fraction
should be unstable to coagulation process, Theutataon time for obtained bimodal di stribution
varies from 1 to 50 days, which requires a soufgeadicles. If it is not the condensation phake, t
particles lift from the surface. The sedimentatione varies from 100 to 1000 days (for particles
0.1 microns and 0.01 microns, respectively) at 20 dnd 10 to 100 days at 40 km, and these
particles may be transported by Hadley cell from tiorthern to the southern hemisphere in the
observed period of the summer solstice in the eonthemisphere.

The work supported by the program RAS 22, and antgef the Education MinistryNe
11.G34.31.0074.

1. Maltagliati L., F. Montmessin, A. Fedorova, Qordblev, F. Forget, J.-L Bertaux, Evidence of watggor in
excess of saturation in the atmosphere of Méefence2011,333, 1868-1871.

Peculiarities of Altitude Ozone Distribution o ver Moscow in 2011-2013
from Millimeter-Wave Observations

E.P. Kropotkina (kep@sci.lebedev.ru), S.V. Solomgr&B. Rozanov, A.N. Ignatyev,

A.N. Lukin
P.N. Lebedev Physical Institute RAS, 53 Leninskylfi©991 Moscow, Russia

New results of investigation of vertical ozone disition (VOD) in the stratosphere over
Moscow are presented for time of considerable diepleof the ozone layer in the Northern
hemisphere in spring 2011 as well as for periodstraing disturbances in stratospheric circulation
under sudden stratospheric warmings (SSW) in 20tR2813. Measurements of the VOD were
done at millimeter waves by means of high-sensitid radio spectrometer [1]. Maps of
geopotential height, potential vorticity and tengiare in the stratosphere [2] were used for
analysis of the observational data.

Altitude-temporal distribution of ozone volume mgi ratio (VMR) Coz over Moscow was
drawn from results of the regular measurements. Miost noticeable changes in ozone were
observed in cold half-years. At the beginning ohuky 2012 polar vortex air was in the
stratosphere over Moscow. Ozone VMR in the air dexreased. For example, it was about of 4.1
ppm at altitude of 35 km at January 4, 2012. Theés began to grow and reached 7.6 ppm at
January 20, 2012. The change in the ozone layecwasected with midwinter SSW, with increase
in planetary wave harmonit= 1. Ozone increase in January 2012 observed &meiiér waves
resulted from the fact that air at altitude of 3B kccurred out of the vortex. The midwinter SSW
happened in 2013 too. The stratospheric polar xati@ded into two parts. This corresponded to
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increase in planetary wave harmonie 2. The most noticeable change in the VOD pradier
Moscow was observed at altitude of 30 km betweenay 6 (stratosphere over Moscow inside the
vortex) and January 16, 2013 (out of the vortex).JAnuary 6 ozone VMR was decreased to
Coz = 4.3 ppm, and at January 16 it grew up to 7.2.ppm

The dominant feature of the stratospheric circafain cold half-year 2010-2011 was long-
life intensive polar vortex without midwinter SSWalues of the ozone VMR o3 in the vortex air
at altitude of 30 km over Moscow in the cold seasaned from 4.6 to 5.3 ppm. An important
peculiarity of the 2010-2011 cold half-year was espnce the vortex air with decreased by 30-
35% stratospheric ozone over Moscow at March 30Agprd 7, 2011. An edge part of anomalously
depleted ozone region appeared over Moscow in dlys, dvhile center of the depleted region was
located at high latitudes [3]. Interannual differes of altitude-temporal ozone distributions indcol
seasons 2010-2011, 2011-2012 and 2012-2013 weatedelith differences of dynamical
processes and peculiarities of evolution of palietsspheric vortexes in the seasons.

Radio physical methods of monitoring of the vetticaone distribution provide unique data
on processes in the ozone layer including evensewére ozone depletion inside the stratospheric
polar vortex as well as strong disturbances redditan stratospheric warmings.

Authors are grateful to the British Atmospheric ®&&enter (BADC) and the Environment Canada,
Select Ozone Maps Service for the kindly providedeaurological data.

The research was supported in part by two Progiaintise Department of Physical Sciences of the
Russian Academy of Sciences: “Problems of Radiosiéeey and “Methods of Radio Electronics in
Investigations of Environment and Human”, as welbg the LPI Educational and Scientific Center.

1. Solomonov S.V., K.P. Gaikovich, E.P.Kropotkieaal. Remote sensing of atmospheric ozone atmnatkr
waves.Radiophysics and Quantum Electroni211,54, 2, 102-110.
http://link.springer.com/content/pdf/10.1007%2Fs41-D11-9274-8.

2. The British Atmospheric Data Centre (BADC). URL:

http://badc.nerc.ac.uk/view/badc.nerc.ac.uk__ ATONataent ASSIM
3. Select Ozone Maps, the Environment Canada. bRh://woudc.ec.gc.ca/cgi-bin/selectMap

Water Vapour and Clouds in the Arctic Strato  sphere: Unprecedented
Observations of Water Vertical Redistribution in the Polar Vortex in January
2010

S.M. Khaykirt, I. Engef, H.vVomeP, I.M. Formanyuk, R. Kivi*, L.I. KorshunoV,
M. Kramer, A.D. LykoV', S. Meie?, T. Naebert M.C. Pitt$, M.L. Sante& N. Spelten,

F.G. Wienhold, V.A. YushkoV, T. Petef

Central Aerological Observatory of Roshydromet, g region, Dolgoprudny, Russia
2ETH Zurich, Institute for Atmospheric and Climate®ice, Zurich, Switzerland
3DWD Meteorologisches Observatorium Lindenberg, Geyn
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°Forschungszentrum Jiilich, Institute for Energy &ithate Research (IEK-7), Jillich, Germany
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We present high-resolution measurements of watpgoryaerosols and clouds in the Arctic
stratosphere in January and February 2010 cardetyoin situ instrumentation on balloon-sondes
and high-altitude aircraft combined with satelliddbservations. The measurements provide
unparalleled evidence of dehydration and rehydnatioe to gravitational settling of ice particles.
An extreme cooling of the Arctic stratospheric eartduring the second half of January 2010
resulted in a rare synoptic-scale outbreak of BE#® (polar stratospheric clouds) detected remotely
by the lidar aboard the CALIPSO satellite. The wpatead occurrence of ice clouds was followed
by sedimentation and consequent sublimation oparicles, leading to vertical redistribution of
water inside the vortex. A sequence of balloon airdraft soundings with various types of
hygrometers (including balloon- and aircraft-boueesions of Russian fluorescent hygrometer) and
backscatter sondes conducted in January 2010 wilikin APBIAT and RECONCILE campaigns
captured various phases of this phenomenon: icendion, irreversible dehydration and
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rehydration. Consistent observations of water végyathese independent measurement techniques
show clear signatures of irreversible dehydratibrthe vortex air by up to 1.6 ppmv in the 20—
24 km altitude range and rehydration by up to @&pin a 1 km-thick layer below. Comparison
with  space-borne Aura MLS water vapor observati@ii®ow to derive and upscale the
spatiotemporal evolution of dehydrated air mass#smthe Arctic vortex.

The work was partly funded by the Russian Founddto Basic Research grants 12-05-31384-Mol-a
and 11-05-00475-a.

Trajectory Modeling of Atmospheric Tracer Vert ical Profiles

A.N. Lukyanov (lukyanov@caomsk.mipt.ty.A. Yushkov, L.I. Korshunov, S.M. Khaikin,
A.V. Ganshin, Sh. Sh. Maksyutov, A.V. Varlagin,Machida

Central Aerological Observatory of Roshydromet,e3y@mayskaya ul., Moscow region, Dolgoprudny, Russi

The method of trajectory reconstruction of wategparaprofiles based on reanalysis ECMWF
data was developed to compare these profiles vaslerwations and to study their laminated vertical
structure. 10-day backward trajectories were it@taat observational locations on different
potential temperature levels. Then gridded ECMWia dé specific humidity were interpolated into
the end points of trajectories and were advectetbiward direction as tracers to the points of
observations. In the lowermost stratosphere themvatpor is mainly controlled by advection.

The water vapor profiles obtained during LAUTLOSmmign by FLASH-B hygrometer on
February of 2004 in Sodankyla (67.40° N, 26.60hd&)e been used for validation of reconstruction
method. ECMWEF specific humidity and potential vaity have been used as passive tracers. The
results clearly demonstrate the advantages of ubmdrajectories instead of linear interpolatidn o
gridded data to reproduce the laminated struct@ireedical profiles. The observed water vapor
laminae are primarily caused by differential adi@cttin the middle stratosphere such laminae are
usually observed near the vortex-edge region wkiegeair masses from the vortex interior and
exterior exist at adjoined vertical levels. In tllevermost stratosphere near the tropopause the
laminae are caused by the entrance of the humpmbspheric air into the stratosphere. Reverse
domain filling (RDF) method was used to get theizwrtal structure of the vortex filamentation.
RDF method is similar to reconstruction method, thetbackward trajectories were initiated in the
nodes of the grid with high resolution at the fixpdtential temperature level. This method
visualizes the filaments responsible for existesidaminae.

To reconstruct the water vapor profile in tropiagdper troposphere-lower stratosphere
(UTLS) the trajectory model was coupled with cirrparameterization scheme including the
processes of homogeneous nucleation, growth/sutddimaf ice particles and their sedimentation
causing the dehydration of air masses. Model result also compared to FLASH-B hygrometer
data. Lagrangian trajectories with turbulence patanzation were applied to simulate the @Dd
relative humidity vertical profiles over Fyodorowsk (56° N;33° E) where aircraft observations of
these parameters were conducted and @tical profiles over Domodedovo airport (55.40°
37.90° E) to compare them to aircraft observattsined in frame of CONTRAIL Project. We
applied the modified trajectory model to calculéteckward trajectories based on ERA-Interim
winds and initialized using ERA-Interim specificrhigity and CarbonTracker G@oncentrations.

All comparisons of modeled and observed profilesalestrate the better agreement than in
the case of bilinear interpolation of surroundinglded values to observation point at the time of
observations.
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Long-Living Component of Microparticles Streams in the Near Space

Y.V. VassilyeV (yvassilyev@g-service.ruN.M. Nichkovd, A.A. Cheremisih?
Krasnoyarsk Railway Institute, 89 Lado Ketshov@$i0028 Krasnoyarsk, Russia
“Siberian Federal University, 79 Svobodny str., 68DBrasnoyarsk, Russia

When microparticle moves along an equatorial ordnitaind the Earth a transformation of the
orbit occurs due to the solar light pressure. Spatticles drop into the atmosphere after several
turns around the Earth [1]. The microparticlestifee is proportional to particle’s mass and
depends on the orbit apogee. Other situation tgtase in the case of inclined orbits. The
microparticles lifetime can essentially grow. Fobits with a low perigee this time is determined
by friction of particles in the atmosphere in aigee section of trajectory [2].

Calculations of lifetime for microparticles in tloebits with a high perigee are fulfilled. The
gravitational fields of the Earth, Moon and Sung telectrical and magnetic fields of the
magnetosphere, the microparticle’s charging in sslasma medium and under the influence of
visible and ultraviolet light of the Sun; and thaar light pressure were taken into account. The
trajectories of microparticles with sizes 0.1-100 o the near space were considered. The three-
dimensional model of the magnetosphere and seBistamt model of microparticles charging for
various configuration and particle’s types (diefiecand electroconductive) is used.

Presence of long-living microparticles in inclinerbits with high perigee is confirmed. The
magnification of microparticles lifetime occur dtgesolar pressure [2]. The microparticles lifetime
is regulated by charging and plasma friction. Rdtlling off the inclined orbits with high perige
is of 2-5 orders below then for orbits with the lperigee. It means that time of their natural self-
cleaning exceeds ten thousand years.

This study is supported by grant 13-05-01086the Russian Foundation for Basic Research.
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Rotation-Vibration Linelist of HD *°O For Investigation Of the Terrestrial
Planets Atmospheres

B.A. Voronin® (vba@iao.ru)N.N. Lavrentievi O.V. Naumenkd Yu.G. BorkoV,

A.A. Fedorova?®
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’Space Research Institute, RAS, 84/32 Profsojuzstayhl17997 Moscow, Russia
3Moscow Institute of Physics and Technology, 9tumstilane, 141700 Dolgoprudnyi, Russia

Infra-red spectroscopy represents one of the rersetsing methods for determining the
HD' 0 contents in the atmospheres of planets, andets obtained are interpreted using the
HITRAN and GEISA databases (DB) adapted for studthethe Earth atmosphere. Unfortunately,
these databases are incomplete: there are gapavienwmbers and intensities depending on the
spectral region, while the line shape parametepsesent averaged values or entirely missing.
Unlike Earth, atmospheres of Mars and Venus cansiginly, of the carbon dioxid€,0, (~ 96%),
and have different range of the pressure and teatyper variations, which complicates the use of
available DB. Recently, a number of papers dealiith the line broadening of water vapor and its
isotopologues in the GOatmosphere have been published (see, for exaip)e,These studies,
however, involved specific spectral regions andevet generalized on the total spectral range.

This paper is aimed at generation of the complbs®mtion linelist of HB°O isotopologue
assigned for modeling its spectrum in the atmosshaf Earth, Mars, and Venus in the 0-
26000 cn spectral region. The linelist includes line shapeameters caused by self-, SQand
air-broadening, as well as the temperature depeedevefficients. This list is based on the D
variational linelist known as VTT [2]. Applicatioof the VTT linelist made already it possible to
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refine the water vapor contents at Venus' surfacéaking into account the previously unknown
weak absorption bands of Hf® in the 1.05-1.2m region [3]. Self- and air-broadening
parameters were taken from [4]. The rovibratioradleling established in [5], as well as that
provided by the spectra.iao.ru database was ustbéb majority of VTT lines stronger than 10
> cm/molecule. Reliable rotation-vibration labelimjiowed to calculate the linewidths more
accurately. VTT line positions were changed, wheossible, on the differences between the
experimental upper and lower energy levels usiegetiergy levels set from [5]. Calculations of the
y(HD'®0O-CQ,) depending on the complete set of rotation-vibratijuantum numbers have been
performed using semi-empirical approach [6], whias been widely used earlier for calculations
of the broadening coefficients for different kinfiroixtures: HO -N, (O, H20), Os-N2(Oy), CO»-
N2 ( Oz, N2O), see, for example, [7].

VTT linelist as well as estimates of the line shaperametersy(HD**0O-HD'®0) and
y(HD'®O-air) are  published on the  websites ftp:/ftpriapub/VTT/  and
http://www.exomol.com/molecules/H20.htniistimates of the isotope composition of waterovap
for Earth, Venus, and Mars (normalized to unit) aiso be presented in poster. Datay@iD*°O-
C0O,) as well as the temperature dependence coefficiencase of HDO-CObroadening are
available from the authors on request.

The study was partly supported by the RFBR (gharit1-02-93112-CNRS) and RAS prograim$.9
and 22.2.
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Lidar and Satellite Temperature Measurements d uring the Sudden
Stratospheric Warmings over Siberia and the R  ussian Far East in 2008-2013

M.A. Chernigovskaya(cher@iszf.irk.ru)V.1. Kurkin', V.N. Mariche¥, S.V. Nikolashkir,

V.V. BychkoV', O.S. Kochetkova
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The report presents the comprehensive study ofirbasbces of temperature regime of the
Earth’s stratosphere, which are related to sudttatospheric warmings over Western and Eastern
Siberia and the Russian Far East in winters 200B3:20he study is based on data obtained using
temperature remote sensing techniques (lidar atelliga ones). The analysis rests on data on
vertical temperature distribution in the stratosphebtained from lidar measurements over regions
of Tomsk (56 N, 85 E), Yakutsk (61 N, 130 E), and Paratunka, the Kamchatka territory’ (83
158 E). For the complex analysis of the spatial-terapéemperature distribution in the middle
atmosphere, the lidar measurement data are appl@mty with satellite data on temperature
acquired by Microwave Limb Sounder (MLS) on the EA8a satellite. We consider the regional
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effects of sudden stratospheric warmings that wbeerved over the Asian region of Russia (~ 85—
160° E) in winters 2008—-2013.

There were stratospheric warmings over the Asigmoreof Russia each winter during the
period under consideration, as deduced from liddrsatellite measurements of temperature. Lidar
and satellite measurements of temperature haveermsed the previously known peculiarities of
development of winter stratospheric warmings. Gnwithole, agreement between lidar and satellite
measurements of height distribution of temperatusessatisfactory. Possible reasons of the
divergences under consideration are discussed.

This work was supported by the Integration Propéd&B RAS No. 106.
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Passage of Chebarcul meteorite above Chelyabirgkatil5 February 2013 had a wide
public resonance and aroused interest of reseamhdgdferent speciality. Meteorite mass was
estimated by 10 000 tons. Meteorite explosion iatssphere leaved aerosol trace which could be
registered by lidar sounding method as describégtl]in

In this thesis the results of lidar observationshagh-altitude aerosol layers appeared in
atmosphere in Moscow, Obninsk and Yakutsk afteb@hmul meteorite fall. Trajectory analysis of
air mass transfer had shown that observed layers warried from meteorite falling area. First
aerosol traces of meteoric origin were registeng@®bninsk lidar station at 18 February at altitude
about 42 km. Then layers had been observed at 2EeBBuary at altitudes of 34-38 km.
Analogous results were obtained in Moscow at aadc of 110 km from Obninsk. After the
meteorite fall thin aerosol layer was registeredvabYakutsk at 20 February, 14:00 UT at altitude
39.5 km. After the meteorite fall the lidar obsdreas in Tomsk were carried out at 16, 20, and 21
February. No evident layers were registered indlodsservations.

To analyze the origin of registered stratosphegiosol calculations of isentropic trajectories
of air masses were carried out as described inT[2¢. trajectories started from the coordinates of
the meteor trail, estimated by Czech scientistthbyideos of meteorite fall [3]. Air mass moving
occurred in the east, in accordance with the i@tatif the circumpolar vortex in the winter season.
The highest velocity had the air masses at altgut#e-44 km, they came to Obninsk and Moscow
at 18-19 February at the altitudes of aerosol ebsiens, going around the North Pole. It should be
noted rather good agreement between altitudes sHinpg of calculated trajectories of air masses
near Obninsk, and altitudes of aerosol observation.

The estimate of data errors influence on trajectoogleling results, carried out by the Monte-
Carlo method, showed that at the altitudes of 3G+#Ghe random dispersion of trajectories in five
days was about 300 km, and in ten days was 300k&20The nearest distances from the
observation points to the trajectories had the sarder, therefore they can be used as a criterion
that trajectories reached an observation point.sThbe analysis of the calculated air mass
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trajectories had shown that stratospheric aerdssgmwved from 18 February 2013 by the network of
lidar stations at latitudes of 55-65N apparentlgt tiee meteoric origin.

This work was supported by Russian Foundation fmi®Research (proj. 13-05-01036a), program of
RAS Presidium No.16, Ministry of Education and &cie of the Russian Federation (No. 14.518.11.7053,
agreement No. 14.B37.21.0612) and IntegrationaleptcsSB RAS No0.106. Authors are grateful to UK
Meteorological Office for the provided data.
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Classes of Particles Levitating in the Atmosp  here under Gravito-
Photophoretic Forces
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Krasnoyarsk Railway Institute, 89 Lado Ketshow@i0028 Krasnoyarsk, Russia
Siberian Federal University, 79 Svobodny str., @8DB&rasnoyarsk, Russia

The explanation of the existence of aerosol layatrscertain altitudes in the middle
atmosphere involves photophoretic (gravito-photeoptic) forces [1-2]. Meanwhile, these forces
are theoretically poorly understood. Earlier we éhanalyzed the motion equations for aerosol
particles and clusters absorbing solar radiatign Calculations were carried out on the basis of
Monte Carlo algorithms [4] and free-molecular-mo@d@proximation. It was shown that
Rohatschek’s particles used for explanation of igmgehotophoresis since 1955, can levitate if
pressure is less than 500 Pa. It corresponds tstta@sphere. At low pressures due to weakness of
viscous friction the loss of stability of partideorientation takes place and an average projectio
of photophoretic force on the vertical axis (grayhotophoretic force) become less than the force
of gravity. It has been found that there is an asgtnic form of aerosol particles which can levitate
at low pressures corresponding to the upper sphers or mesosphere. Levitation mechanism for
such particles differs from that for Rohatschekarticles [3]. The particles preferential orientati
in space arises in the rotational state, the aeepagjection of photophoretic force on the vertical
axis may be greater than the force of gravity.

In this report we present the results of finding #xtended class of aerosol particles that can
levitate at low pressures. Aerosol aggregatesegneesentative of this class. The simulation showed
that the clusters consisting of spherical partidas stably levitate in the atmosphere up to an
altitude of 70 km. A photophoretic force acting arcluster is body-fixed force. Levitation takes
place due to arising of gravito-photophoretic forBeeviously, we described this type of gravito-
photophoresis as delta T-gravito-photophoresis Iffially the temperature difference over the
particles in the cluster arises due to differeniceptical characteristics of the particulars mashsri
Now we consider a case when the particles tempesatliffer due to the differences in their sizes.
Thus, it was shown the fundamental possibility bt levitation of aerosol aggregates in the
middle atmosphere due to the gravito-photophofestes.

This study is supported by grant 13-05-01086the Russian Foundation for Basic Research

1. Cheremisin A.A., Vassilyev Yu.V., Horvath H. Git®-photophoresis and aerosol stratification ia th
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SESSION 9. "PHOTOCHEMISTRY AND KINETICS OF EXCITED STATES OF
ATOMS AND MOLECULES AND NON-LTE RADIATION IN THE
ATMOSPHERE OF THE EARTH AND OTHER PLANETS"

Chairman: Prof. N.N. Shefov (IFA RAS, Moscow)
Co-chairman: Dr. V.A. Yankovsky (SPbSU, SPb)

Infrared Radiation in the Mesosphere and Lowe r Thermosphere: Energetic
Effects and Remote Sensing

A.G. FeofiloV* (artem.feofilov@Imd.polytechnique.fiiy.A. KutepoV, L. Rezad
Ecole Polytechnique, Dynamic Meteorology Laborattglaiseau Cedex, France
*The Catholic University of America, Washington, DICSA; NASA Goddard Space Flight Center, Greenbelt
MD, USA
3Max-Planck Institute for Solar System Researchletaurg-Lindau, Germany

The translational degrees of freedom of atmosphemnmlecular and atomic gaseous
compounds represent the heat reservoir. This regesbtains or loses energy due to a number of
sources and sinks, among them heating and cooéitaged to various types of mass motions,
redistribution of energy released in the coursgasious photochemical reactions (the translational
energy, the chemical energy and the nascent etectrgibration and rotational energy of the
reaction products), and absorption and emissidheofnfrared (IR) radiation. In the latter caseg on
deals with interaction between matter and the IRiatave field, which, for the case of the
mesosphere/lower thermosphere (MLT), includes thsgpheric radiation formed in these layers,
the upwelling radiation from the ground and lowanasphere, and, during daytime, the IR solar
radiation.

In this talk, we address the energetic effectsPofradiation in the MLT and its radiative
coupling with lower atmosphere by analyzing thesiiattion between IR radiation and matter. In
the MLT, this interaction is strongly affected hetsituation when vibrational (and in its uppertpar
also rotational) excitation of the molecules does abey Boltzmann’s law with the local kinetic
temperature. As a result, the IR radiation emiitetthese layers does not reflect the thermal sthte
the matter. This situation is referred to as treakdown of local thermodynamic equilibrium (LTE)
for the vibrational (or rotational-vibrational) degs of freedom. Detailed treatment of non-LTE
plays a crucial role for estimating thermal effeaftshe IR radiation as well as for the diagnostits
space-based IR observations.

We discuss the peculiarities of the non-LTE radmatiormation in the IR bands of GQO;,
and HO molecules, estimate radiative cooling/heatinggdor typical atmospheric scenarios, and
analyze the sensitivity of the MLT radiative enerdgpalance to various mechanisms of
populating/depopulating molecular vibrational leveWe also consider radiative pumping and
small-scale gravity wave effects, which coupleMHeT with the lower atmosphere.

Altitude-Latitude Distribution of Atmospheric B ands Emissions Intensities
of Oxygen Molecules O z(blfg, v=0, 1, 2)

V.A. Yankovsky (vyankovsky@gmail.coi R.O. Manuilova, A.O. Semenoy

K.V. Martyshenkd, A.G. FeofiloV
YFaculty of Physics, St. Petersburg State Univergitylyanovskaya ul., St.Petersburg 198504, Russia
>The Catholic University of America, 620 MichigareAWashington, DC 20064, USA

Besides of well known methods of remote sensingltfude distribution of ozone in the
mesosphere and lower thermosphere (MLT) from measents of oxygen atmospheric bands
intensities ofOz(blfg, v=0) andOz(alAg, v=0) we worked out methods of remote sensing of
altitude distribution of ozone from measurements osfygen bands emissions intensities of
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Oz(blfg, v=0, 1) and of altitude distribution of atomicygen from bands emissions intensities of
Oy(b'=", v=0, 1, 2) [1].
The objective of this study is the creation of medef altitude-latitude distribution of
atmospheric bands emissions intensities of oxygeiecmlesoz(blz*g, v=0, 1, 2) for four seasons.
In the calculations we used the atmospheric mofitels the series of events TIMED-SABER
satellite experiment (version 1.07 and version 2.B8r detail analysis of altitude dependences of
electronic-vibrational Ievelﬁ)z(blfg, v<2) populations in the mesosphere and lower therhegp
the last version of the model of electronic-vibwaally excited products of photodissociation of
ozone and molecular oxygen YM-2010 [1, 2] is ud&f@. consider the system of kinetic equations
for four levels: three electronic-vibrationally ebed Ievels()z(blfg, v<2) and the first vibrationally
excited level of atomic oxygen @X). Besides of formation of excited sta@g(blfg, v<2) at Q
photolysis in the Hartley band and @hotolysis in the Schumann-Runge continuum and drym
alpha line, the excitation of three vibrationaldés/of electronic state under consideraﬁlz(blfg,
V) by direct absorption of solar radiation in thentds 762, 689, 629 nm are also taken into account.
All processes of quenching of excited sta(DaéblZ+g, v<2) and OtD) at collisions with molecules
OCP), O, Ny, O3 and CQ are considered. As a whole 27 processe 'z ", v<2) and OtD)
excitation and deactivation are included in thedelo We used spectra of solar radiation in the
interval 120-310 nm from the base SOLAR2000 fordate and time corresponding with the data
of measurements of TIMED-SABER experiment. The wWalons are performed for transitions
Atm (2-0) Ox(b'=*g, v=2 - X337, v=0) at 629 nm, Atm (1-0D,(b'=*g, v=1 - X327, v=0) at 689
nm and Atm (0-0,(b'Z*,, v=0 - X%, v=0) at 762 nm for altitude interval 60—120 knn four
seasons (fall and vernal equinox, winter and sunsokstice) and Solar zenith angles from 0 t6. 80
The analysis of results of numerical statisticgleaiment shows that these emissions could be used
for remote sensing of ozone altitude profiles ia tange 60—-95 km and atomic oxygen profiles in
the range 82—-120 km.
1. Yankovsky V. A., Manuilova R.O., Semenov A.O120Possibility of ozone and atomic oxygen retrigva
from measured intensities of the moleculgOv<2) emissions in the mesosphere and lower thermosphe
Sodankyla Geophysical Observatory Reports No. 8th Annual European Meeting on Atmospheric Studies
by Optical Methods. Siuntio, Finland, 22—26 Aug2@11. Abstract book, P. 80.

2. Yankovsky V. A., Manuilova R. O., Babaev A. & al. Model of electronic-vibrational kineticstbie G, and
O, photolysis products in the middle atmosphere:iapibns to water vapor retrievals from SABER/TIMED
6.3um radiance measuremeigernational Journal of Remote Sensi2@11,33, 12, 3065-3078.

3. Yankovsky V.A., Kuleshova V.A., Manuilova R.O., argemenov A.O. Retrieval of total ozone in the

mesospher with a new model of electronic-vibratidi@etics of Q and Q photolysis products. Izv.,
Atmospheric and Oceanic Physics,2007, 43, 4, 518-52

Comparison of the Rotary Temperatures of the Hydroxyl OH(6,2) and
OH(3,1) Measured with Two Spectrographs

I.I. Koltovskoy (koltigor@mail.ru) P.P. Ammosov, G.A. Gavrilyeva
Yu.G. Shafer Institute of Cosmophysical Researdhf@ronomy SB RAS; 31 Lenin ave, 677980 YakutskjdRu

In the paper comparisons of rotary temperatureéseOH(6,2) band and OH(3,1) band at the
altitude of 87 km measured with two spectrograpistalled at the optical station of Maymaga
(p=63°N, L =129.5°E) are presented. The first instrumemgrasents the infrared digital
spectrograph (IDS) consisting of the diffraction-BPspectrograph and digital CCD-camera. IDS
registers a band of hydroxyl OH(6,2) being radiatedhe close infrared area of spectrum ~ 840
nm. The CCD camera is cooled up to —50°C. Aneadlvision of spectrograph is equal to 9°.
The opening of entrance crack is 0.6 mm that cpareds to the transfer function of 0.8 nm. The
second optical instrument is the SR303i spectrdgaipghe ANDOR Technology production with
the iDus InGaAs DU490A-1.7 light emitting diodeHD) line. The working area with a quantum
efficiency of registering camera more than 85% @Q-1600 nm. The SR303i spectrograph
registers OH(3,1). The working cooling is — 60T®e angle of vision is ~ 5°. The resolution of
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spectrograph at a width of entrance crack ofMd2s equal to 1 nm. The instruments register a
nightglow at the same zenith angle 47° and bottdaeeted to the west. For both instruments the
estimation method of rotary temperature of molecemissions is based on adjustment of the
model spectra. The transfer function of instrunveas$ constructed taking into account the spectrum
really measured using a standard least squardsthet

For the analysis the data of observation for Jgnuaebruar March, 2013 have been used.
Moonless clear nights have been chosen. It is stibainin February the rotary temperatures of the
OH(6,2) band measured with IDS are systematicalgw, on the average, of 8 K (with a standard
deviation of 3.7 K). In March the difference de@es and constitutes, on the average, 4K (with a
standard deviation of 3.3 K). The comparisonsrofigd measurements of temperature with data of
the SABER radiometer installed aboard the Ameri@dMED satellite will be additionally
presented.

The lonization of the Substance of the Atmos phere by Cosmic Rays and
the Release of Stored Energy

V.E. Timofeev, S.N. Samsondv
M.K. Ammosov North-Eastern Federal University, EifBskiy str, suite 312, 677980 Yakutsk, Repulilic o
Sakha (Yakutia), Russia
2Yu.G. Shafer Institute of Cosmophysical Researdhfamonomy SB RAS; 31 Lenin ave, 677980 Yakutsk,
Russia

It has been shown that cosmic rays (CRs) may afffecaggregate transitions of water in the
free atmosphere through the ionization of air ahdreby, atmospheric parameters. The pressure
variations derived from measurements of the watsrtent across the atmosphere have been
estimated. According to these estimates, the madmiof possible pressure variations caused by
CRs in the form of Forbush decreases of GCRs i8mbar. Data on the near-Earth pressure at
three considerably distant points (Moscow, Apatigd Yakutsk) have been analyzed in order to
prove this effect.

It follows from an analysis that the effect of GCBS the atmosphere is simultaneously
observed at least in polar and midlatitude regiointhe Earth. In this case the magnitude of this
effect over different regions may differ by a factd 2—3 ( ~ 6 mbar in Moscow, ~ 1.5 mbar in
Yakutsk, and ~ 3 mbar in Apatity). Despite suchaegé difference in the amplitude, the time
variation differs insignificantly. At all three pas the effect (the pressure increase) is maxif@al 1
14 days after of the main phase of the Forbushedser The average duration of the effect is
approximately the same at all points (19-15days).

This work was supported in part by the Russian Hatian for Basic Research (Grants Nos. 12-02-
98508-r_east_a¥e 12-05-00263-r_east A913-05-00263_a).

Effective Potential Energy Surface of HD O for an Accurate Prediction of
Highly Excited States nv 3 and vi+nvs

B.A. Voronin® (vba@iao.ru)O.V. Naumenky S.S.Voroning S.N. Yurchenkd
V.E.Zuev Institute of Atmospheric Optics SB RABJel Sq., 634055 Tomsk, Russia
University College London, London, WC1E 6BT, UK

A new potential energy surface (PES) for 18D is presented. This surface was constructed
by adjusting the ab initio PES of Polyansky et[&].through fittings to the experimental nand
vi+nvs energies only. In the refinement the experimentdérived term values up to 25330¢m
with J <9 were used, in total 740 energy levels wectuded. In particular, 424 gwith n = 0-8
and 316 y+nvs with n = 0—7 energy levels were utilized coverihg energy range up to 25200°cm
! The resulting refined PES, referred to as 00\praduces the 740 experimental energy levels
with a root-mean-square (rms) error of 0.003'cffio improve the extrapolation properties of the
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empirical PES, the restraint that the resulting RE®ains close to the ab initio surface was
imposed.
Detailed comparisons with the recently reported idogd PES of HDO VTT [2], [3] will be
presented. All data are available on ftp://ftpliapub/VTT/HDO v3/. We hope that our
calculations will be helpful in studies of energvéls of HD160O characterized by very high
excitations of the O-H stretch [4].
The work was supported by program of Russian AcgdefnScience No 22.2 and RFBR (11-02-
93112-CNRS_a).
1. Polyansky O.L., A.G. Csaszar, S.V. Shirin, NlBbov, P. Barletta, J. Tennyson, D.W. Schwenke,
P.J. KnowlesScience2003,299 539-542.

2. Yurchenko S.N., B.A.Voronin, O.Naumenko, R.Ndr@nov, J.Tennysod. Chem. Phys2008,128
P.044312.

3. Voronin B., J. Tennyson, R. Tolchenov, A. Ludgawg S.YurchenkoMon. Not. R. Astron. SQ2010,402,
492-496.
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Variations of Sulfur Oxides above Venus' Clou ds

D.A. BelyaeV? (dbelyaev@iki.rssi.ry)V.A. Krasnopolsk§, A.A. Fedorova?

O.l. Korablev?
!Space Research Institute, RAS, 84/32 Profsojuzstayhl 7997 Moscow, Russia
“Moscow Institute of Physics and Technology, Instiyidr. 9, 141700 Dolgoprudnyi, Russia

Sulfur compounds are key components of Venus’ ghiimeie because the planet is totally
covered by HSO, droplets clouds at altitudes 50-70 km. Any sigaifitchange in the SOx oxides
above and within the clouds affects the photocheyis the mesosphere (70-120 km). Very
recent papers about sulfur dioxide ¢p©n Venus provoked more questions than gave asswer
concerning S© behavior above the clouds. Belyaev et al. [1] regub detection of two SO
abundance layers from Venus Express (VEX) solaultations: 0.02-0.1 ppm at 65—-80 km and
0.1-1 ppm at 90-100 km with negligible content@t3 km. This structure of vertical profile was
confirmed by photochemical models, where existesfae upper layer is described as a result of
possible sulfuric acid photolysis [2]. Neverthelestudy of HSO, content above the clouds
disputed this version of S@roduction [3, 4]. Another source — oxidation af-Sis discussed to be
less possible. Generally speaking, all measurenfgriasind based [5, 6]; VEX nadir [7]; our VEX
occultations) show high variability of S@ixing ratios, especially in the lower layer.

Goal of the present paper is an overview and dssonf several puzzles that arose as results
of SO, exploration on Venus. Venus Express (VEX) is arABSrbiter that has been operating
around Venus starting from 2006 up to now. For stience we are using data from a set of
SPICAV / SOIR spectrometers; they are sensitivdei@ction of S@absorption in the IR (4 pm)
and UV (200-220 nm) above Venus’ clouds either @dinor in solar occultation mode. That
facility provides us to study vertical and latitodl variations of S@content in period 2006—-2012.

Our work is supported by RF President GranwkK-3820.2012.2 and a grant of the Russian
Government to MIPT. We also thank our colleaguesvigrcq (LATMOS CNRS, France) and A. Mahieux
(BIRA, Belgium) for SPICAV and SOIR data analysasid X. Zhang (CalTech, USA) for modeling of SOx

phochemistry.
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The Field of Non-Equilibrium Radiation of the Upper Atmosphere under
the Influence of lonizing Pulse

V.P. Busygitl, N.G. Busyging Yu.P. Vagif, I.Yu. Kuzmin& (IrKuzmina@bk.ri
!Science-and-Research Center of Special Controlcbles
Open Joint-stock Company “Research-and-Productiorp@ration “Precision Systems and Instruments”,
Moscow

We study the amplitude and timing of the fluorescbght (FI) signals in the upper
atmosphere under the influence of ionizing, inahgdX-rays, photons. The point isotropic source
(PS) of X-rays is much higher than the absorbirygrs of the atmosphere and has a temporal flux
function, which is close to th&pulse. Calculations are performed for a wavelem§t®.3914 um,
corresponding to the emission of negative ionsitnbgen N*. The field characteristics are defined
on a spherical model of the earth's surface inrtimge of distances from 0 to 1500 km to the
epicenter of the PS.

It is shown that due to the small time steps PSagmearance optical photon the source of PS
is in the form of receding rings with respect te trertical to the surface of the earth, drawn from
the epicenter of the PS. With cloudless atmospHere FI reaching the earth's surface directly
from the luminous region is proportional to theidangle subtended by this area, and the flux
density has a maximum value at the epicenter oPBeTherefore, for an observer located in the
epicentral area, this phenomenon should be presasta bright flash in the direction of the PS and
grows into a moving across the sky and disappedsgignd the horizon ring. Made for these
conditions, calculations show that the amplitud¢éhefsignal FI coming into hemispherical receiver
rise rapidly in the first time Jus, then held nearly on the peak level within a feams of
microseconds, followed by a slow recession of tgea.

In the presence of cloud cover major contributiothie flux density makes multiple scattered
radiation. The calculations in this case are perém by the Monte Carlo method using the
modified local estimates. It is shown that in tipgcentral area the beginning of the incoming signal
is shifted to a value of 445, but the further formation of the peak regioalimost the same as in
the absence of clouds. However, the recessioneositmal in this case is more pronounced. The
main share of the incoming radiation is concentiatethe range of zenith anglexwv5’, and on
the near-skyline (& 70°) account for less than 10%. The difference indigaal amplitudes at the
epicenter of PS in absence and the presence ad<liih an optical thickness of substantially 20
units is not observed.

With increasing distance from the epicenter theupe of the signal FI varies considerably.
Herewith the observer's position relative to runthi ring plays a significant role. At distances of
several hundred kilometers in the clear atmosptieesignal has a bimodal shape. Herewith the
signals maximum corresponds to a time of intense/ gif the horizon area in the initial period of
the FI formation and the time passage of the resggment above the point of observation. The
glow of the passing ring segment on the presencéoatls is observed. Removal from the epicenter
in the 1000-1500 km in this case leads to the aug@idecrease of the signal up to a hundred times
or more.
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Intensities of Spectral Lines of Vibrational-R  otational Transitions in
Atmospheric Gas Molecules

S.P. Gavva(gavvasp@mail.fy S.S. Klykov
Saratov State Technical University, 77 Politechagltaya str., 410054 Saratov, Russia
“Saratov State University, 83 Astrahanskaya sttO04P Saratov, Russia

The excitation of vibrational-rotational statestefrestrial atmosphere’s molecules occurs in
high-temperature gases mediums or by optical radiatith using of the remote sounding methods.
In recent times the remote laser methods of ingastins are mostly developed and used and they
provide obtaining of information with high operatal accuracy and in wide spatial scales. Methods
of the laser sounding of atmosphere are basedeawirepcopic effects, the resonance laser radiation
absorption accompanying with vibrational-rotatioredcitation of molecules is one of them.
Fundamentally new effects and peculiarities areenlesl during excitation of vibrational states of
atmospheric molecules by laser radiation, and teéfgets appear in numerous resonances which
bind the excited vibrational states with other elgssituated vibrational levels. During this
excitation the redistribution of vibrational energyd the increasing of a density of spectral energy
levels occur as well as the frequency’s displacenoérspectral lines in long-wave region, the
growth of width and the displacement of band’s meduring the increasing of vibrational energy,
these all facts at a great extent make difficulte@sprocessing and identification of observeddine
The difficulties of experimental spectroscopic egsbes establish the necessity of a creation and a
development analytical methods of the modelingterlcvibrational states in polyatomic molecules.

In our work the theoretical investigations of thecieed vibrational-rotational states of
polyatomic molecules have made based on the prdpaseé developed analytical method of the
discontinuous spectral analysis in the operatipealurbation theory and of the construction of the
transforming function for excited vibrational-ratatal Hamiltonian. The determinative equations
for the wave functions and energy values of growant excited vibrational states have
demonstrated in the work. The equations for ma#fiments of excited vibrational-rotational
transitions and absolute intensities of spectradifor single-quantum transitions are derived not
only for ground but also for excited vibrationahtsts in fundamental lines of infrared (IR)
absorption spectrums of polyatomic molecules. Atmothe determinative equations the evident
connection between spectral line’s intensities afited transitions and vibrational and rotational
guantum numbers are derived as well as influenderoperature on the peculiarities of intensity’s
forming and modification.

The modeling algorithm has been created basedeoddtived equations, which is realized in
the applied program which permitted to carry ouimetical experiment for calculation of
vibrational-rotational states energies, frequeneaied intensities of spectral lines in fundamental
bands in IR absorption spectrums of water molectlg3 and carbonic gas molecul€®,. In
infrared region of spectrum the atmosphere absorg8 observed first of all in the troposphere
because the troposphere contains just the main gdathese important, optically active and
absorbent IR radiation gas components of atmosphere

Water Vapor Spectra: Current Data Processing Techniques

B.A. Voronin (vba@iao.ry)A.D. Bykov, O.V. Naumenko, and A.Z. Fazliev
V.E.Zuev Institute of Atmospheric Optics SB RABJel Sq., 634055 Tomsk, Russia

Water is a substance involved in different procesesponsible for the life on the Earth. That
is why investigations on the spectral propertiesvafer found in the terrestrial and exoplanetary
atmospheres will remain a topical problem of thraagpheric radiation for a long time to come. At
present there is a wide variety of information sesrrelating to the spectral line parameters of the
water molecule. It will suffice to mention traditial databanks [1], information systems [2] and
results obtained from variational computations [Bhe diversity of inconsistent data raises a
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guestion as to what information trustworthy. Chetkhe spectral line parameters according to trust
criteria [4] has revealed that about 7% of datd®®, H,'’O isotopologues from [1] were not
published or confirmed by variational computatiddsst likely these are approximate calculations.
In the majority of cases, the spectral line intgns less than 10-24 cm/mol. Calculations of the
integral characteristics of radiation fluxes in #itmmosphere have shown that untrusted lines make a
minor contribution. When used in remote sensinggakowever, the untrusted lines are a critical
factor.

The W@DIS (http://wadis.saga.iao.ru) built at tmestitute of Atmospheric Optics of the
Siberian Branch of the Russian Academy of Scierifemsk) enables the user to determine the
extent to which the data in the ranges of chang&asenumbers, line intensities, collisional line
halfwidths, etc., under study are inconsistent. 3ystem is based on data extracted from more than
1000 papers and makes use of information archiltsred in the framework of IUPAC project N
2004-035-1-100 "A database of water transitionsmfrexperiment and theory”, URL:
http://www.iupac.org/web/ins/2004-035-1-100). Aligg inconsistent data on vacuum
wavenumbers for water isotopologues was performd8]i The results obtained were imported to
W@DIS.

The work was financed within Progras3 andNe22 of the Presidium of the Russian Academy of
Sciences and by the RFBR (grants 11-02-93112-NTsiNéind 11-07-0066@}.
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Modelling of the Non-Equilibrium Emissions of the Martian Atmosphere in
the Near-IR Bands of the CO , and CO Molecules Taking Account Aerosol
Extinction

V.P. Ogibalov (ogibalov@pobox.spbu)ru
Saint-Petersburg State University, Physics Facudltylyanovskaya ul., Saint-Petersburg-PetrodvorBisssia

Aerosols are permanently present within an exteridger of the Martian atmosphere and
have a considerable optical thickness (especiallynd the periods of global dust storms) in the
visible and near-infrared (NIR) spectral range. Té&son of interest to the problem of aerosols on
Mars consists that its aerosols define to a grei@né both the illumination of the surface and the
thermal balance on this planet and, thus, partieipaestablishing the climate of Mars. Therefere,
development of new independent approaches forewatg the optical properties of the Martian
aerosols is an actual and important problem.

It must be kept in mind that the Martian atmosplunesisting for 95% of the GOnolecules
has a rather low density. Therefore, both a rasftynolecular collisions, on the one hand, and the
high rate of excitation of the vibrational statéshe CQ and CO molecules due to an absorption of
the solar radiation in the NIR spectral range, ba bdther hand, result in breakdown of the
Boltzmann distribution of the excited vibrationght® populations of these molecules within wide
altitude intervals of the Martian atmosphere, itke vibrational non-local thermodynamic
equilibrium (vibrational NLTE) takes place. The igpt depth of the Martian atmosphere for
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various ro-vibrational radiative transitions whidghould be considered in NLTE models for
calculating the intensity of radiation in the NIRDEbands, varies in very wide range. For example,
for the main isotopologue of the G@olecule, the optical depth for the central fragpyeof the
most intensive line belonging to the fundamentdiative transitions of the NIR bands near 4.3,
2.7, 2.0, 1.6, 1.4, 1.25, 1.2 and 1,08 equals to 2.3xfp 2.5x16, 4.4x1d, 4.9x1G, 1.5 x16,
87.7, 345 and 1.75, respectively. As for both thmor CQ isotopologues and the hot ro-
vibrational radiative transitions contributing intbe bands mentioned above, the such optical
depths can be less unit, i.e. to be comparablegtoptical depth of aerosols.

In this work, the problem of radiative transfertive ro-ibrational bands of the G@olecules
(near 4.3, 2.7, 2.0, 1.6, 1.4, 1.25, 1.2 and ur@pand of the CO molecules (near 4.7, 2.3, 1.6 and
1.2um) under conditions of the vibrational NLTE in tMartian atmosphere has been solved for
the first time taking account for both scatterimgl @bsorption of radiation by the Martian aerosols.
The 545 ro-vibrational bands rising between the 2@@ational states of 7 isotopologues of the
CO, molecules and the 10 ro-vibrational bands risirjween the 8 vibrational states of 2
isotopologues of the CO molecules are included this NLTE model. Using the accelerated
lambda-iteration approach, an original method folviag the problem of radiative transfer in
molecular bands under vibrational NLTE in a planet@mosphere taking account for an accurate
treating of the frequency overlapping of all thevibrational lines within the 1.05-1&m spectral
range, which were included into the model, andfleecton of radiation by a planetary surface has
been developed. Also this method allows to take atcount the processes of scattering (with a
phase function of general type) and absorptioradiation by aerosols at the frequencies belonging
to the spectral ranges of the £&hd CO ro-vibrational bands.

For the daytime atmosphere of Mars and for realistodels of the mineral dust aerosols,
calculations of the non-equilibrium populationstbé CQ and CO vibrational states have been
carried out for the first time. Also the spectratbé limb radiation outgoing from the Martian
atmosphere in the NIR G@nd CO bands were calculated taking account Boa#rosol extinction
of this radiation. An analysis of the response he walues of the limb radiation intensity to
variations of some optical parameters of the a¢rmsaoel adopted has been carried out.

The most variability in the values of the radiatiatensity to changing the parameters of the
aerosol model is found for rather optically thinwvibrational transitions which have the optical
depth of the same order as the one of aerosolsnich have no considerable overlapping in
frequency with another ro-vibrational transitionBherefore from the viewpoint of possible
development of new approaches for retrieving thiicapparameters of the Martian aerosols, for
the short-wave NIR spectral range it is more pedfler to consider a radiation in the fundamental
transitions of the main CQsotopologue. A radiation in the fundamental tiamss of the minor
CO, isotopologues is more preferable for consideraifignis concerned the spectral range from 2
to Sum.

Spectral Instruments for Re-Equipment of Roshy  dromet Ozone Network

V.1. Privalov' (ozone@peterlink.ju A.M. Shalamyansky A.L. Vtorov', S.S. Talash

V.L. Selivano¥, S.A. Smirno%, D.S. Makaro®
'A.V. Voeikov Main Geophysical Observatory, 7 KaheysStr., 194021 Saint-Petersburg, Russia
“University of Information Technology, Mechanic @gtic, 49 Kronversky, St. Petersburg Russia

28 stations of the Roshydromet total ozone netwegkijpped with filter ozonometers M-124,
are the only source of the regular information abitwe protective ozone layer above Russia
territory. In the WMO judgment the ozonometer i® @f the 3 world ozone network instruments,
suitable for evaluation of changes in the ozoneslaylowever, after 25 years of continuous
operation ozonometers are needed the replacemehehyodern automated equipment. The new
instruments should ensure the preservation andinc@tion of a multi-year observation rows.
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Moreover in accordance with modern requirementsotene network these instruments ought to
measure the incoming to earth UV radiation

The task of the specialists of MGO and of opticajamizations of St. Petersburg was to
develop the automated spectral equipment that tgzerander all weather conditions on the Russia
territory. Ultraviolet ozone spectrometer (UVOS)saereated on the basis of the polychromator
(diffraction grating + CCD line). Experimental saep were tested in practice at the 5 ozone
stations.

The UVOS pre-production model was manufactured hmy firm «Laser center ITMO».
UVOS spectral range is 290-400 nm, spectral resol4t about 1 nm, the time of recording of the
spectrum — from 2 ms up to 2 s. The instrumentatetéhe spectra of UV radiation from the
hemisphere and from the Zenith sky. Zenith radmt®used for measuring the total ozone up to
85° zenith angle, including measurements for fast-ghmncloud condition. UVOS specifications
satisfy the WMO requirements to total ozone measargs and UV spectral measurements.

Advantages of the UVOS are the performance, theposition and volume of the received
information, the ability to perform measurementstatal ozone under any cloud, simplicity of
design with no moving parts, ease of operation. ilkeument is capable to work in the Russia
territory in any range of astronomical and weatt@rditions and in difficult operating conditions at
Roshydromet stations.
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