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PREFACE

These are Conference Proceedings of the 1sHaaasian Experiment (PEEX) Confereraralthe

5th PEEX Meeting

The Eurasian PaBurasian Experiment (PEEX) is a multidisciplinary, msttale program focused
on solving GandChallenges in northern EurasindChina focusing in arctiandboreal regions. It

is a bottomup initiative by several European, Russimd Chinese research organizations. The
PEEX approach emphasises that solving challenges related to climate change, airaqdality
cryospheric chage requires largscale coordinated eoperation of the international research
communities.

https://www.atm.helsinki.fi/peex/

Helsinki, February 2015

Markku Kulmala
Sergej Zilitinkevich
HannaK. Lappalainen
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BUILDING THE METADATABASE OF PEEX OBSERVATIONAL
INFRASTRUCTURE

P.K. ALEXEYCHIK?, H. LAPPALAINEN'., N. ZAYTSEVAZ., J. KUJANSUU and T.
PETAJA

'Department of Physics, University of Helsinki

?|nstitute of Geography, Russian Academy of Sciences

Keywords: PEEX, SITES, INFRASTRUCTURE, MEASUREMENTS.
INTRODUCTION

Pan-Eurasian Project (PEEX) is a joint multinational initiative in climate and environmental
studies over the Eurasian continent (Kulmala et al. 2011, Lappalainen et al. 2014). The focus
areas include the establishment of a coherent research infrastructure, forecasting the effects of the
climate change and developing mitigation strategies for the Northern states. The infrastructure
aspect of the project has a high priority as the foundation of all future activities. It is recognized
that the observational and research infrastructure extent is very uneven across the PEEX domain,
and that steps need to be taken in order to harmonize it.

MATERIALS AND METHODS

As the first approach to the problem of the infrastructure harmonization, the building of the
PEEX metadatabase was begun. The metadatabase summarizes the observational facilities
included in PEEX and provides details about their organization, measurement equipment and a
number of other features. One of the important aspects of the metadatabase is the classification of
the PEEX observational infrastructures according to their developmeatmosphericand
environmentaldirections. Each facility is assigned two numbers ranging from 0 to 3 depending
on how equipped it is for the two classes of observational activities. Aerosol, meteorological and
absolute concentration measurements contribute to atmospheric rating, while the
environmentalating is based on the sum of soil, vegetation and water observations.

RESULTS

The number of PEEX sites included at the moment is 284, most of which are classified according
to the above-mentioned scheme (Figure 1). While the PEEX metadatabase is currently in
preparation, its preliminary version already gives certain indications about the PEEX
observational infrastructure. The general distribution of the sites can be assessed in comparison
with the non-PEEX sites, included here for demonstrational purposes (Figure 2). This
representation allows identifying the areas of higher or lower development of the infrastructure.
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Figure 1. PEEX site classification according to the atmospheric and environmental components
of the measurement equipment. The numbers indicate the of sites characterized by the
development indices, with the circle sizes proportional to the site number.
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Figure 2. Spatial distribution of PEEX and non-PEEX sites in Eurasia.

The PEEX project encompasses a great expanse of land in Eurasia with good coverage in both the
Southern and Northern latitudes (Figure 3).
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More detailed information can also be retrieved from the metadatabase, for example, the
distribution of the sites with eddy-covariance systems (Figure 4) or aerosol observations (Figure

5).
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Figure 4. Spatial distribution of the PEEX sites equipped with eddy-covariance systems.
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INTRODUCTION

It is generally assumed that quasi-stationary state of the global electric circuit specified by permanent activity
of thunderstorm generators, which make potential difference between electrodes of concentric-spherical
capacitor founded by conductive layers of lower ionosphere, ocean upper layer and Earth’s crust. Electrical
state of the atmosphere depends of ionosphere potential, atmospheric column resistance, vertical electric
current density, electric field strength, polar electric conductivities of air, thunderstorm electrical energy
lifetime and vertical profiles of these electrical quantities. [Anisimov et al, 2008; Chalmers, 1974; Anisimov,
2003; Mareev et al, 2009; Roble et al, 1986; Williams, 2009; Anisimov et al, 2014b]. The sum of atmospheric
electrodynamical processes includes electrical interaction both global and regional current systems,
concentrated in near-ground atmospheric layer, planetary boundary layer, troposphere, middle atmosphere and
different regions of ionosphere and magnetosphere [Anisimov et al, 2008]. Electrodynamics of middle latitude
near-ground atmosphere forms as a sum of electrical charges separation, generation and transport physical
processes in wide space-time scales range. The goal of this work aims at dynamics of electrical field and
electrical conductivity of near-ground atmosphere investigation in wide time range, including turbulent
aeroelectric pulsations, self-similarity characteristics and intermittency. Research base was founded by long-
term amplitude-time series, wich were given as a result of high time resolution permanent stationary and field
ground-based middle latitude aeroelectrical observations.

EXPERIMENTAL SETUP AND FILED GROUND-BASED OBSERVATIONS

Precision and reliable measurements of lower atmosphere electrical quantities are necessary basis of Earth
electrical environment investigations. Borok Geophysical Observatory has implemented stationary
observations of air electricity since 1985. Observatory investigations aimed at solving classical tasks of
atmospheric electricity (such as investigations of anng#Easonal and diurnal variations) and
development of new directions connected with investigation of global electric circuit, interasftions
geospheric shells, aeroelectrical pulsations dynamics and geomagnetic field pulsations structures.

" Contact information: Sergey Anisimov, Borok Geophysical Observatory IPE RAS, Borok, Yaroslavl region, 152742, Russian
Federation; E-mail: anisimov@borok.yar.ru
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Figure 1. Experimental setup layout

Figure 1. shows the layout of experimental setup of summer seasonal observations of year 2013.
Electrodynamical conditions of atmospheric surface layer were investigated by syncronous remote sensing of
air electical field strength variations using electrostatic fluxmeters (“field mill"). Measurements were provided
at experimental ground of Borok Geophysical Observatory IPE RA®438; 38 44'E).

Five electric field strength sensors (electrostatic fluxmeter) were installed along a line south-north according
to scheme at 1m height. One electrostatic fluxmeter was installed at a ground level for reduction ratio
determination, wich was necessary to translate values of electric field strength measured at 1m height to
equivalent values at the ground level. Vertical atmospheric electric current density was measured using a long-
wire antenna (a current collector). The current collector represents a conductive ring of 300m in diameter
mounted at insulators. Sensitivity of that current collector was not less than 0.1 pafrthe measurement

of positive and negative electric air conductivities bipolar air conductivity sensors based on gerdien tube were
used. Sensitivity of these sensors was not less than 0.1 fS/m, and air ion mobility range was more than 1.6
cn?/V 8. Field full-scale observations data were registered by the information collection system with 10
samples per second digitization rate.

Altitude profiles of wind velocity and direction were registered using an acoustic dopler locator (SODAR)
“VOLNA-3" from 60m to 800m height and 5m resolution. The acoustic dopler locator works permanently in
the stationary measurement complex of the observatory (Figure 2). Meteorological observations were realized
using two digital ultrasonic meteorological units “METEQO-2H" installed on heights 2m and 10m above a
ground surface. Meteorological units provide true data with 10 samples per second rate. Measurement of solar
irradiance in wavelength interval from 300nm to 2800nm the Kipp&Zonen CMP3 pyranometer was used.
Sensitivity of the pyranometer is 5-2&/(W/m?) and measurement range is 0-2000 W/konitoring of

radon {?Rn) and thoron %¥°Rn) volume activity was realized using seismic radon station “SRS-05".
Sensitivity of the radon station is not less than1@%Bq%" M. Measurement range is 206" Bg/nT.
Averaging time is 30 minutes.

26



SODAR “VOLNA-3"

) ” AlphaGUARD - radon *’Rn activity
\ measurement system
Meteorological ‘ ' ' .

I

unit % & % AlphaGUARD OOOQOO
Electrostatic b |:|'>
fluxmeter //\ <
Data Collection
System
ops (g =

Long wire antenna
for vertical atmospheric
current density measurement

Data Base
INTERNET (="  Server : Iﬂ
Experimental
data backup
storage

|AAAAA

Internal data processing LA

system and supercomputer @
for real time modelling Ly, A

“\AA AA

Personal workstations

Figure 2. Scheme of the stationary permanent atmospheric electricity observation system

Figure 2 shows the scheme of the stationary permanent atmospheric electricity observation system in Borok
Geophysical Observatory. The stationary observation system hardware includes an electrostatic fluxmeter, a
long-wire antenna for vertical atmospheric current density measurement, the acoustic dopler locator
“WOLNA-3", the radon @?Rn) monitoring system AlphaGUARD, digital ultrasonic and classical
meteorological units. Meteorological units provide registration of air temperature, air humidity,atmospheric
pressure, wind velocity and its direction. All the information is stored in digital form by a data collection
system. The data collection system was built using precision ADCs with 16 bit and 10Hz resolution. Digital
data are transmitted to the data base server, wherein automatically sorted and subjected to initial treatment for
publishing on the Internet. Periodically data are stored in DVD disks as a backup. The data base server works
interconnected with supercomputer, wich is using for real time modelling of aeroelectrical processes.

EXPERIMENTAL DATA PROCESSING AND ANALYSIS RESULTS

Figure 3 shows an example of experimental data variations from a field ground-based measurement complex.
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Figure 3. Variations of light ion concentrations,(n), air electrical conductivity (), space charge density
(U, electrical field strength (fE vertical air electrical current density)(Yadon?”Rn activity (Ra) and solar
irradiance (P). (30.07.2012). All data averaged by 30 sec.

The figure contains plots of light ion concentration, electrical air conductivity, space charge at light ions,
electrical field strength, vertical electrical current density, volume radon activity and solar irradiation
variations.

Figure 4 contains diurnal variations plots of space charge density concentrated on light ions for summer and
winter time. Data averaged by one hour. It is shown that there is an expressed maximum at 04:00UT in space
charge variations for summer time case. This time corresponds to the intensive ground surface warming by
solar radiation. Average daily value of space charge density is 15 (+103. @€Avinter time ground surface

was shielded by snow. In the particular case the thickness of snow cover was 50 cm.
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A snow cover blocks radon transmission in the atmosphere and its effect to the ionization of surface
atmospheric layer is greatly reducéderage daily value of space charge density for winter time is 2 (£
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Figure 5. Daily variations of air electrical conductivity for winter (top polt) and summer time (bottom plot).
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One hour averaging of six days for winter time case and seven days for summer time case

Figure 5 presents diurnal variations of atmospheric surface layer electrical conductivity according to
data of summer and winter seasons. It is an expressed maximum at 05:00UT in air electric
conductivity variations for summer time, wich is also associated with intensive ground surfase
heating by the sun. There are no expressed maximums in the diurnal variations of winter time air
electric conductivity. Average daily value of air electric conductivity for summer time is 14 (+6)
fS/m, and for winter time is 9 (x1.5) fS/m. Figure 6 shows diurnal variations of atmospheric surface
layer polar electric conductivities according to data of summer and winter seasons.
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Figure 6. Diurnal variations of polar air electric conductivities for summer (top plot) and winter (bottom plot)
time. One hour averaging of six days for winter time case and seven days for summer time case.

Decay of radioactive gases from the blowes of the earth is the main factor of atmospheric surface layer
ionization [Smirnov, 1992]. Radorf*Rn) and thoron?°Rn) emanations are major factors of atmospheric
surface layer ionization. Variations of radon volume activity near ground surface show significant correlation
with air electrical conductivity at 0.6m height. Correlation quotient bet%&Bm volume activity andOon

average is 0.6 for time averaging of 30 minutes. For time averaging of 3 hours mean value of correlation
guotient is 0.9. Figure 7 presents diurnal variations of air electric conduct®ignfl radon volume activity

(**®Rn) according to data from 09, 17-20, 28, 30 of August 2013. There was a maximum v&itRnof
volume activity at night time, and minimum during day time.
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Figure 8. Diurnal variations of polar electric air conductivities at 0.6m height above the ground surface.
One hour averaging of seven days.
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Figure 9. Diurnal variations of polar electric air conductivities at 0.6m (black plot) and 1.5m (blue plot)
heights above the ground surface. One hour averaging of seven days.

During summer field ground-based observations of year 2013 synchronous measurements of polar air electric
conductivities variations at heights 0.6m and 1.5m above the ground surface were provided. Initially both of
the sensors were placed at 0.6m above the ground surface and at a distance of 1m from each other. Figure 8
shows diurnal variations of polar air electric conductivities registered by the sensors wich were installed at
0.6m height. Correlation quotient between data froms sensors is 0.96. At the next stage, one of the sensors has
been raised to a height 1.5m, and the second sensor was at height 0.6m. Figure 9 presents diurnal variations of
polar air electric conductivities at heights 0.6m and 1.5m. It is shown that air electric conductivities at night
time at such heights have about absolute values, however at day time negative air electric conductivity at
height 1.5m is two times less, than the same air conductivity at height 0.6m. Presumably this is due to the
influence of turbulent convection and activity arising from the ground and atmosphere warming by the sun,
such situation is typical only for periods of fair weather conditions.

Figure 10 shows forming of aeroelectrical structures in space charge density concentrated at light ions and
electric field strength [Anisimov et al, 2014a)].
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Figure 10. Structures in electrical field strength (top plot) and space charge density (bottom plot) on
28.07.2012 at Borok Observatory.

Figure 11 shows variations spectral density of space charge, concentrated at light ions. Time interval at 24

hours with 1 second meaning was choosen for calculation. It is shown that space charge density spectra is self-
similar. The power of spectra decay is close to (-1.6).
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Figure 11. Spectral density of space charge variations on 09.08.2013 at Borok Observatory.

Spectral density of space charge variations is presented at Figure 12. The power of spectra decay for period
from 10 to 500 seconds are close to -5/3. The power of spectra decay for period from 2 to 10 seconds is

different at day and night conditions. At daytime power of spectra decay for this period is mostly close to -5/3.
But at nighttime power of spectra decay varies from -1.9 to -3.1.
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Figure 12. Spectral density of space charge for day and night on 03.08.2012 at Borok Observatory.
CONCLUSIONS

Thus, the results of statistical processing of amplitude-time series obtained during ground aeroelectric
observations of 2011-2013 years (performed at midlatitude Borok observatory and included observations of
electrical field strength, light ion concentration and atmospheric surface layer electrical conductivity) suggest
that:

- Light ion concentration changes during the day. At night time when turbulence is suppressed by stable
stratification light ion concentration mainly more than at day time. This can be explained by accumulation of
radioactive gases and their progeny near the ground surface due to weak convection.

- There is maximum of space charge density concentrated at light ions during sunrise. More intensive
forming of middle and heavy ions fractions due to hydratation and clusterization at surface warming and water
vaporization conditions is a possible reason of light ions total positive charge growth at morning hours
[Smirnov, 2010]. Hydrate complexes concentration growth causes asymmetric electrical charge redistribution
between ion fractions and negative charge gaining by heavy fraction [Smirnov, 2010].

- Presence of coherent aeroelectrical structures is a typical feature of turbulent aeroelectrical pulsations
and space charge density [Anisimov et al, 2014a, Anisimov et al, 2014b].

- Light air ion concentration variations and space charge density are connected with radon activity
variations [Anisimov et al, 2013].

- Space charge density variations spectra is self-similar. The power of spectra decay for period interval
from 10 to 10000 seconds is close to -5/3. The power of spectra decay for period from 2 to 10 seconds is
different at day and night conditions. At day time the power of spectra decay for this period is mostly close
to -5/3. But at night time the power of spectra decay varies from -1.9 to -3.1. [Anisimov et al, 2013]
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INTRODUCTION

The planetary boundary layer is the lower part of the global electric circuit. This part is very thin in
comparison with the distance between high-conductive Earth’s surface and ionosphere that works as
global capacitor plates. Nevertheless, the contribution of boundary layer electric columnar resistance to
the columnar resistance of full depth of atmosphere is essential (Harrison and Bennett, 2007). The
atmospheric convectively-driven boundary layer is a particular type of turbulent boundary layer forced
mainly by surface heating. Electrodynamics processes within the CBL are strongly influenced by turbulent
buoyant convection of ionizing and electrically charged components of air. lonization of air is the main
mechanism of electric space charge generation. The ion production rate ‘diRntand its progeny is
space- and time-dependent in the CBL. Electric conductivity of air directly depends on the number density
of light atmospheric ions. Therefore, conditions of ion production, their recombination, and attachment to
aerosol particles have a substantial effect on electrical phenomena in the CBL. Boundary layer forced by
increasing buoyancy flux deepens (Stull, 1988; Garratt, 1992). It forms well-mixed part of the boundary
layer and causes vertical spreadffiRn and its progeny which have been trapped within the nocturnal
stable boundary layer (Vinuesa et al., 2007). As a result, vertical profiles of mean conductivity, charge
density, and electric field intensity change with changes of ion production rate.

The calculations of convection electric currents in unstable boundary layer based on second-order
turbulence closure showed that turbulent transport of charge acts as a local generator which modifies the
electrical structure of the CBL (Willett, 1979). In order to study the variability of electric field during
morning transition, several experiments with tethered balloon were performed (Marshall et al., 1999). It
was found space charge by the ground to be increased after sunrise in some cases. Later low lying electric
charge was spreading up to several hundred meters that vertical profiles of electric field intensity were
significantly modified. Recently, the Lagrangian stochastic model has been proposed to calculate the
electric field disturbances due to turbulent transport of space charge heterogeneities within the boundary
layer (Anisimov et al., 2013a).

This paper introduces the concepts of Lagrangian stochastic modeling of electrodynamics of the CBL
including morning transition period. We focus on the computation and analysis of mean and variations of
vertical profiles of ionization rate, light ions, single-charged aerosol particles, electric space charge,
electric field, and vertical conduction and convection currents.

METHODS

One of the sources of the atmospheric electric field is space charge originated from combined action of air
ionization and separation of produced electric charges. The external electric currents maintain the global
potential difference thereby they supply the quasistationary conduction current flowing through the fair
weather regions of atmosphere. Within the CBL in addition to conduction current, strong vertical turbulent
transport of electric charge takes place. In order to derive the air conductivity and space charge density
varying with space and time, we need to know the number densities of light atmospheric ions and other
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charged particles. For simplicity, we take into account only light ions and aerosol particles with the unit
elementary charge. The balance equations for light negative and positive atmospheric ions are
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Left hand sides (1) hold the substantial derivativas,the flow velocity; right hand sides hadd ,t) that
is the ionization rate, recombination rate with the coeffici@ntate of ions depletion due to ion-aerosol
attachment with the size-dependent coefficiefts, £, &, E which correspond to adsorption of light
ions by neutral aerosol particles and particles with opposite sign of chagge.,, N, are the number
densities of neutral, positively, and negatively charged aerosol particles with the didbeter
correspondingly. The last terms in rhs of (1) describe the drift of ions with the mobBilityhe electric
field E. The equations for charged aerosol particles
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hold in rhs the terms which correspond to charging of neutral particles and discharging of charged
particles resulting from attachment of light iongly, 1§/, W, Ware the lifetimes of light ions. These
lifetimes are derived by replacement of summation in (1) for integration of attachment coefficients with
the aerosol particle size distribution function
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The main contribution to (3) gives the size interval fldar10° cm toD,=10° cm. The neutral aerosol
particle size normalized distribution function is assumed to have the form
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whereN, is the number density of aerosol particles with the diametersDramD,. The attachment
coefficient for ion and charged aerosol particle is given by (Smirnov, 1992)
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where £= £, E= E; ©. is the mean diffusion coefficient for io@; is the mean thermal velocity of ion;
J is the dimensionless parameter of adsorption
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where e is the elementary charg@, is the absolute temperature. For a relation between attachment

coefficients one may receive the parameterization based on the results of laboratory experiments and
theoretical estimations given in Hoppel (1985), Hoppel and Frick (1986)
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Substituting (5) to (7), (4) and (7) to (3), and integrating, we obtain
W BN, @

whereCk is the mean attachment coefficient for light ions and neutral aerosol particles. Because of light
ion attached to the particle with the diameter greater thahchd increases its size insignificantly
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(Smirnov, 1992), we make assumption that the charged aerosol particle size normalized distribution
function has the analogous to (4) form

15 D,/D 057D/D,)*(*™N,/D, D D 10°cm
5 D,/D o.5~(6/D2)2@“~(Nr/6)~(6/D)3, D tD.
Therefore, (5) and (9) give
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whereCk is the mean attachment coefficient for light ions and charged aerosol particles. According to
Gauss's law

'E En n N N
4

. (11)

To compute the mean vertical profiles of electrodynamics quantities within the CBL, we use horizontal-
averaged one-dimensional form of (1), (2), and (11) thereafter. It is assumed the vertical conduction
current densityl, to be a high-independent above the CBL and it can be expressed as

L0 —a8
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whereV(t) is the potential difference between Earth’s surface and ionospligtejs the air conductivity
V e Pn Pn (13)
From the continuity equation we have
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whereh(t) is the height of the growing CBL. The expression (14) is the boundary condition fromByhich

on the CBL top is extracted. The lower boundary conditions are the time senie@)aindn_(t) obtained

from in-situ field observations (Figurel) (Anisimov et al., 2013b). Ffaf above the CBL andi(t) we

use conventional parameterization (e. g. Gish, 1944). lonizatiom(ztkeis sum of rates due to cosmic

rays, radiation of ground?Rn and®*Rn decaying families (Hoppel et al.,1986; Bazilevskaya et al.,
2008).

The set of equations (1) and (2) in Lagrangian form does not include advective terms. It allows replace
space integration by Monte-Carlo simulation the ensemble of particles in a turbulent flow given the
probability density function of the random velocities advecting the particles along stochastic trajectories.
Each Lagrangian trajectory or tracer is associated with a rather small finite volume of air which contains a
sufficient amount of ionizing atoms such &&Rn, #Rn, and their progeny, light ions, and aerosol
particles. Following the general rules for constructing of Lagrangian stochastic models to describe the
dispersion of tracers in the ABL, we exploit the set of stochastic differential equations for random vertical
velocity and displacement (Thomson, 1987; Rodean, 1996)

dW a(z,w,t)dt b(Z,W,t)d ¢,
dz wadt, (15)

wherea(Z, W, 9dt is the deterministic velocity forcing functiob(Z, W, t) G s the random velocity

forcing with the quantityG being a component of a Gaussian white noiseaf\W, § andb(Z, W, t) are

used expressions obtained in (Baerentsen and Berkowicz, 1984; Thomson, 1987; Luhar and Britter, 1989)
and which must be parameterized by the vertical profiles of the variance of the vertical véje(eity,

third moment of the vertical veloci@®?(zt), and mean turbulent kinetic energy dissipatift). Over the

past decade a lot of expressions for the vertical profiles of convective turbulence statistics are evaluated
and proposed from large eddy simulation (LES), laboratory experiments and natural observations (e. g.
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Franzese et al., 1999; Cassiani et al., 2005; Essa and Embaby, 2007). About all of these vertical profiles
are the functions both of Deardorff convective velocity sealand dimensionless heighh with h being

the height of mixed layer top. It implies that the turbulent statistics profiles are time-dependent since the
CBL deepens. The convective velocity scale is

w  (ghH,/ 4,)"3, (16)

whereg is the gravity acceleratioi], is the kinematic turbulent heat flux at the surface, &k the
reference virtual temperature. To date several approaches are developed to describe the evolution of the
CBL in terms of a few thermodynamic and energetic parameters. These approaches are based on different
models of mixed layer and entrainment zone structure and dynamics. LES has played a significant role in
the studies of the CBL and has given the possibility to evaluate some characteristics of the CBL evolution
through comparison of LES output with the predictions of bulk or probabilistic models of the CBL
(Fedorovich et al., 2004; Sorbjan, 2007; Tombrou et al., 2007; Gentine et al., 2013). Combining the
Lagrangian part with the electrodynamic part by means of time decoupling of the turbulent convective
transport from the processes of ionization, ion-ion recombination, ion-aerozol attachment, and drift of ions
in self-consistence electric field, we get the vertical profiles of space charge, electric field, air
conductivity, vertical conduction and convection current densities with high space-time resolution.

RESULTS AND DISCUSSION

Vertical profiles of electrodynamics quantities in the CBL

At sunrise, the solar heating causes heat transfer from ground to adjacent layer of air. The heating of low-
lying air are known to be responsible for the developing of convective instability. Intensive vertical
mixing tends to equalize the radioactive nuclei concentrations and, consequently, the air conductivity. The
absorption of light positive ions by aerosol particles prevents their drift in electric field but does not affect
on their turbulent mixing. Thus, after sunrise observed number density of light positive ions decrease, at
the same time total space charge and electric field may increase (Marshall et al., 1999; Anisimov et al.,
2013b). Figure 2 shows the calculated electric field at the lower level of computational grid in
comparison with the observed electric field. In Fig. 3 both the mean of modeled electric field and its
dispersion agree with observed reasonably well.

Figures 3 and 4 show the sequence of computed electric field and conduction current density vertical
profiles correspondingly. From modeled results we can conclude that adjacent to ground layer acts as the
reservoir of electric charge for the convection current. When the vertical gradient of positive space charge
is negative close to ground or the gradient of negative space charge is positive, the convection current is
positive there and vice versa. As modeling shows the convection current density can be of the same order
of magnitude as the conduction current density.

CONCLUSIONS

The model we presented includes the balance equations for light atmospheric ions, neutral and charged
aerosol particles, balance equations f&Rn and ?Rn decaying families (not shown), stochastic
differential equations accounting for convective turbulent transport of constituents, prognostic equation for
the height of mixed layer top (not shown), equations for air conductivity, current density, and electric
field, dynamic boundary conditions as well. We have seen that the Lagrangian approach allows simulate
many of key properties of the CBL such as nonstationarity, nonlocality both of dispersion and processes
which determine electric quantities. It has been found the convection current to be dependent from the
vertical distribution of electric space charge and may have positive or negative vertical direction.
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Figure 1. Example of hourly sliding averaged quantities observed on July 29, 2012 a
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Figure 2 Example of the electric field near the surface: - observed on July 29, 2012 at Boi
Observatory; red — calculated at the lower level of computational grid.
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Figure 4. The 5-minutes sliding averaged vertical profiles of conduction current density.
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Temperature observations show that the boreal high latitudes have warmed rapidly in the past few decades
compared to the northern hemisphere as a whole (Hartmann et al., 2013). Model calculations suggest that
changes in short-lived climate pollutants (SLCPs) such as ozone and aerosol may have contributed
significantly to this warming over the past century (Shindell and Faluvegi, 2009). Arctic tropospheric
budgets of SLCPs are impacted by long-range transport of trace gases and aerosols from Europe, Asia and
N. America, but also by local sources such as gas flaring, shipping and boreal fires. Past studies have
shown that global chemical transport models demonstrate poor and highly varied skill in simulating
aerosol, tropospheric ozone and precursors (CO) at remote Arctic surface stations when compared with
limited available data. (Shindell et al., 2008). Recently, the POLARCAT Model Intercomparison Project
(POLMIP) showed that significant model biases persist through the depth of the European and North
American high latitude troposphere in both spring and summer for ozone, organic compounds and reactive
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nitrogen (Monks et al., 2014; Emmons et al., 2014; Arnold et al., 2014). These limited evaluations give us
low confidence in the ability of global models to correctly simulate Arctic atmospheric composition and
climate response to future changes in mid-latitude emissions.

Evaluation of models over the Siberian high latitudes is challenging due to a paucity of available
observations, despite the potential importance of this region as a route for European pollution export to the
Arctic. In this work, we will show preliminary evaluation of 10 global chemical transport models from the
POLMIP project using a limited collection of surface, aircraft and satellite observations over the sparsely
observed high latitude pan-Eurasian region. We will compare the performance of the models in this region
with their performance over the North American and European Arctic. We will also use the model
simulations to derive optimum locations for the development of future monitoring activities in high
latitude Eurasia with an aim of better constraining SLCP sources and sinks in this region. A key
component of any enhancement in observations in the region will be their full integration into global
datasets such as WMO GAW and inter-comparability with European and North American observations.
To gain confidence that small changes in both time and space are significant we propose a number of
essential experimental inter-comparisons that may be required to support effective model evaluation.
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INTRODUCTION

The new particle formation (NPF) itself was firstly reported by John Aitken more than one century ago
(Aitken, 1898). At the same time, a phenomenon of NPF bursts was discovered relatively recently, but the
data obtained to date showed that it is observed frequently in a variety of environments (Kulmala et al.,
2004a; Hirsikko et al., 2011). Bursts occur more often in South Africa (Vakkari et al.,, 2011) and in
tropical forests of South-East Australia (Suni et al, 2008), practically during the whole year. Also they are
frequently observed in clean continental areas with forested ecosystems (Dal Maso et al., 2005, 2007) and
coastal background sites (O'Dowd et al., 2002, 2007). The role of Siberia is of great importance to
understand the climate change due to it covers about 10% of Earth's land surface. Assuming that
increasing global temperature and Lertilization can likely lead to an extension of the annual
photosynthesis period and forest growth, Kulmala et al. (2004b) suggested a possible feedback mechanism
linking forests, aerosols and the climate effect of, @@ough the intensification of metabolic processes
causing enhanced non-methane BVOC emission and organic aerosol production as well. Taking into
account that the major part of boreal forests is located in Siberia, this possible feedback makes this region
one of the most key domains for the Pan-Eurasian Experiment (PEEX) not only because of studying GHG
budget, but also because of it can be an important source of natural secondary aerosols. In spite of the
importance of Siberian region for understanding of the surface-atmosphere exchange processes,
continuous and comprehensive measurements of aerosols and GHGs over Siberia are still lacking.

EXPERIMENTAL

In recent years, IAO SB RAS decided to establish two monitoring stations for continuous measurements
of aerosols and trace gas species @M, Os;, NO,, SQ,, and CO) in order to fill up the gap in data. The

first one is a so-called TOR-station (§8'41"N, 85§3'15"E), and another one — Fonovaya Observatory
(56 @5'07"N, 84694'27"E).

Measurements of aerosol size distributions have been carrying out since March 2010 at TOR-station and
since May 2011 at Fonovaya Observatory by means of the improved versions of Novosibirsk diffusional
aerosol spectrometers (Ankilov et al., 2002; Reischl et al., 1991) and the GRIMM aerosol spectrometers
(#1.109 and #1.108). This enables continuous measurements of aerosol size distribution in a wide range to
be performed with a better time resolution than it was done before (Dal Maso et al., 2008).
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RESULTS AND DISCUSSION

Maximal concentrations observed at both stations were about tens of thousand® fféeamean particle
number concentration during the measurements at TOR-station was 4575S@r4568 crif,
median=3330 ci), and 2947 cm (SD=3079 crii, median=2403 cif) at Fonovaya observatory.
According to Jaenicke (1993), such values are typical for the remote continental and rural areas.

The dataset accumulated to date allowed us to classify new particle formation events observed in Siberia
in accordance with criteria proposed by Dal Maso et al. (2005) and Hammed et al. (2007). Typical NPF
events and non-events recorded in the Siberian air shed are shown in Fig.1. Analysis of the classified size
spectra enabled a frequency and seasonal dependency of the new particle formation events to be revealed
(Fig. 2). It showed that NPF events in Siberia are more often observed during spring (from March to May)
and early autumn (secondary frequency peak in September). On average, NPF evens took place on 23-
28 % of all days. This percentage is a little bit higher than one reported earlier by Dal Maso et al. (2008).
Statistics improved in recent years showed that a seasonal pattern of the NPF frequency is very similar to
one observed at SMEAR |l Station (Hyytiala, Finland; Dal Maso et al. 2005, 2007).
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Figure 1. An example of aerosol size distribution evolution during NPF events and non-events observed in
the atmosphere of West Siberia.
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Figure 2. Seasonal dependency of NPF event frequency observed at two West Siberian stations obtained in
accordance with the classification proposed by Hammed et al. (2007).

Particle formation rates were calculated based on the principles explained by Kulmala et al. (2004a).
Formation rates (FR) of particles with diameters below 25 nm are summarized in Table 1. It can be seen
that FR varies in wide range from 0.1 to 10°tst. Mean values of FR for the entire period of
observations (including August, 2014) were 1.7°%Mm(median = 1.13 ci s") at TOR-station and

0.88 cn?® s' (median = 0.69 cihs’) at Fonovaya Observatory. Enhanced values of FR are usually
observed from spring to autumn.

TOR-statior, FR (cn”s™) Fonovaya Observatc FR (cn™ s™)
Month min max meair mecdan min max meair mediar
1 0.81 2.2¢ 1.5¢ 1.5¢ 0.c 0.67 0.47% 0.4¢
2 0.4 1.9t 0.9¢ 0.82 0.22 0.6¢ 0.3¢ 0.3C
3 0.11 6.9: 1.1¢ 0.72 0.2¢ 1.9¢ 0.7¢ 0.67
4 0.2¢ 5.0¢ 1.47 1.2¢ 0.22 2.71 1.1C 0.9:
5 0.12 10.6: 2.11 1.5tk 0.4¢ 3.t 1.3¢ 1.31
6 0.3¢ 7.51 2.2C 1.78 0.32 1.5¢4 0.7¢ 0.7¢
7 0.4« 9.5¢ 3.5 3.0¢ 0.2t 2.8¢ 1.04 0.77
8 0.2¢ 7.2 2.0¢ 1.2¢ 0.3¢ 1.7¢ 0.9¢ 0.91
9 0.17 4.0z 1.2¢ 0.8¢ 0.27 1.9¢ 0.87 0.7t
10 0.z 2.5¢ 1.0t 0.9¢ 0.1t 2.04 0.57 0.41
11 0.22 1.2¢ 0.7¢ 0.8 0.1 0.5¢ 0.3z 0.31
12 0.€ 3.6¢ 2.4C 2.67 0.1¢ 0.1¢ 0.1¢ 0.1¢

Table 1. Monthly mean, median and extreme values of formation rates FR{cduring NPF events of
Class 1 and Class 2.

Growth rates were estimated by the increase of the geometric mean diameter of particles during the
formation burst events (Dal Maso et al., 2005). Mean growth rates observed at TOR-station and Fonovaya
Observatory were 6.5 nm'Hmedian = 5.0 nm b8.3 nm H (median = 6.4 nm ™), respectively.
Monthly mean values of GR over the entire period of observations are given in Table 2

TOR-station, GR (hm ™) Fonovaya Observatory GR (nr™)
Month min max meat mediar min max meat mediar
1 1.8¢ 4.13 3.01 3.01 1.34 3.8( 2.4¢ 2.2¢
2 1.3¢ 24.57 8.07 3.3¢ 0.91 6.5¢ 3.0¢ 2.91
3 1.3C 12.51 4.82 3.3¢ 1.5¢ 9.5(C 5.1¢ 4.5k
4 0.87 24.5¢ 5.97 4.8¢ 2.4C 53.0¢ 10.6¢ 7.0¢
5 1.31 23.8( 7.9¢ 6.0¢ 2.8¢ 22.2¢ 11.6¢ 11.77
6 1.91 19.31 8.7¢ 7.4¢ 2.01 22.11 8.3t 6.54
7 1.22 29.1¢ 6.7C 3.7¢ 4.2t 26.3¢ 12.1¢ 10.2¢
8 0.2¢ 27.6¢ 6.8¢€ 5.3C 1.3¢ 27.3i 8.5¢ 7.5t
9 1.41 16.17 5.6¢€ 4.3: 1.7¢ 20.1( 8.2( 7.2C
10 1.61 10.7¢ 5.0¢ 4.87 2.0¢ 27.52 9.41 6.22
11 0.3¢ 6.65 3.87 5.0¢ 3.0¢ 4.8¢ 3.8¢ 3.7¢4
12 4.9¢ 22.9¢ 11.1: 8.27 7.1E 7.1F 7.1F 7.1F

Table 2. Monthly mean, median and extreme values of growth rates GR'(miuring NPF events of
Class 1 and Class 2.
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CONCLUSIONS

Continuous measurements of aerosol size distribution carried out in West Siberia in recent years enabled
the NPF event statistics to be improved. Analysis of the obtained dataset showed that NPF bursts are
observed two times more often than it was reported for Siberia before (Dal Maso et al., 2008). Seasonal
pattern of the burst occurrence is more similar to that observed at Nordic field stations (Dal Maso et al.,

2007). At the same time, formation and growth rates observed during NPF events in Siberia are higher
than those estimated for Scandinavian sites.
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COMPARATIVE STUDY OF SIBERIAN METHANE FLUXES DURING THE TWO YAK
AEROSIB AIRBORNE CAMPAIGNS OF 2012 AND 2013

E. ARZOUMANIAN?, J.-D. PARIS, A. PRUVOST, S. PENG, S. TURQUETY, A.
BERCHET, I. PISON, M. ARSHINOV? and B. BELAN
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France.

“Laboratoire de Météorologie Dynamique, IPSL, Ecole Polytechnique, Palaiseau, France.

3Institute of Atmospheric Optics, SB-RAS, Tomsk, Russia.

Methane (CH) is the second most important anthropogenic greenhouse gas. It is also naturally emitted by
a number of processes, including microbial activity in wetlands, permafrost degradation and wildfires. Our
current understanding of the extent and amplitude of its natural sources, as well as the large scale driving
factors, remain highly uncertain (Kirschke et al., Nature Geosci., 2013). Furthermore, high latitude regions
are large natural sources of €id the atmosphere. Observing boreal/Arctic,&Hriability and

understanding its main driving processes using atmospheric measurements and transport model is the task
of this work. YAK-AEROSIB atmospheric airborne campaigns (a joint French-Russian research program)
have been performed in order to provide observational data on the composition of Siberian air. This work
will be focused on the two summer campaigns of 2012 and 2013. Flights were performed in the
tropospheric layer up to 9 km connecting the two cities of Novosibirsk and Yakutsk. A chemistry-
transport model (CHIMERE), combined with datasets for anthropogenic (EDGAR) emissions and models
for wetlands (ORCHIDEE) and wildfire (APIFLAME), is used to quantify GHxes in the region.
Furthermore, a lagrangian particle dispersion model (FLEXPART) is used in order to determine the origin
of polluted air plumes. Recent results concerning flikkes and its atmospheric variability in the Siberian
territory derived from a modeled-based analysis will be shown and discussed.
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INTRODUCTION

The Arctic and northern boreal regions of Eurasia are experiencing rapid environmental changes due to
pressures by human activities. Shindell and Faluvegi (2009) suggested that over two thirds of the Arctic
surface temperature increase during the last decades is attributed to changes in concentrations of sulphate
and black carbon (BC) aerosols. Contrary to most of the planet, on snow and ice -covered regions the
clouds can cause a positive climate forcing; increasing the aerosols can in fact enhance warming of the
surface (Walsh and Chapman, 1998; Mauritsen et al., 2011). There is also some recent experimental
evidence that at pristine polar regions the aerosol-cloud feedback can be extremely sensitive to aerosol
numbers (Asmi et al., 2012). In polar regions of particular importance is also the snow and ice albedo
reduction by BC and organics containing particles which can influence snow coverage by warming the
atmosphere, reducing surface-incident solar energy, and reducing snow reflectance after deposition
(Flanner et al., 2009; Hirdman et al., 2010; Kohn et al., 2011; AMAP, 2011).

Global estimates of aerosol direct and indirect radiative effects largely rely on model calculations as well
as on remote sensing techniques, which provide global coverage (IPCC, 2013). It is well realized that
models encounter many problems in predicting the polar aerosol quantities and properties, their
composition and annual cycles (e.g. Liu et al., 2005; Bourgeois and Bey, 2011, Liu et al., 2012). Most
importantly, the observations at polar regions are sparse and often lacking sufficient temporal scales for
model development and comparison studies.

In this work, we provide long-term high-quality observations from Arctic Siberia by introducing the first
four years of continuous aerosol number size distribution observations from Siberian Arctic Climate
Observatory in Tiksi. We present the aerosol seasonal variability in terms of particle modal features and
number and mass concentrations and analyze the sources affecting these aerosol properties.

METHODS

Tiksi meteorological observatory in northern Siberia (71°36°N; 128°53"E) on the shore of the Laptev Sea
has been operating since 1930s. Recently, it was upgraded and joint in the network of the International
Arctic Systems for Observing the Atmosphere (IASOA, www.IASOA.org). The project is run in
collaboration between National Oceanic and Atmospheric Administration (NOAA) with the support of the
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NSF, Roshydromet (AARI and MGO units), government of the Republic of Sakha (Yakutia) and the
Finnish Meteorological Institute (FMI). FMI activities in Tiksi were initiated in summer 2010 by aerosol
size distribution measurements in the size range of 7 nm — 10 pm. These are measured with a twin-
Differential Mobility Particle Sizer (DMPS) -system and with an TSI Aerodynamic Particle Sizer (APS).

CONCLUSIONS

The monthly statistics of aerosol data series are presented in Figure 1. Similar inter-annual cycle repeats
from year-to-year, with the minimum number concentration observed in late autumn and maxima in spring
and summer. Number concentration values are typical to a clean remote site. In seasonal cycle, the
monthly median total aerosol number concentration in Tiksi extends from 18@rcovember) to 724

cmi® (in July). For the local maximum in March a median value of 481 isrobtained. In mass

concentration, only one annual maximum occurs being in early spring, where as in summer the particle
mass is low.
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Figure 1. Four-year data series of aerosol number concentration in different size ranges, from up to down:
total, nucleation mode (7-25 nm), Aitken mode (25-100 nm), accumulation mode (100-500 nm) and
coarse mode (>0.5um) concentrations in units of particlé$ Bars present monthly medians and

guartiles and whiskers the extreme values measured, for months with sufficient amount of data available.

The seasonal cycles in number and mass can be largely explained by long-range transported anthropogenic
and regional biogenic sources. Arctic haze and long-range transported particles originating from lower
latitudes dominate in early spring increasing the accumulation and coarse mode concentrations and
particle mass. This is typical to all Arctic observatories. In addition, the winter meteorological conditions
during stable inversions were seen to lead to some occasional local and/or regional pollution events. In
summer, biogenic emissions from Siberian tundra and boreal forests increased the number of smaller,
nucleation and Aitken mode particles. Increase of larger particle number was solely observed in
continental air masses. In fact, the impact of temperature dependent natural emissions for aerosol and
cloud condensation nuclei numbers was found to be exceptionally strong in Tiksi. Concentration of
particles of diameters >100 nm showed exponential temperature dependence stronger than previously
found in any other remote site of similar measurements (ref to: Paasonen et al., 2013). Therefore, in
addition to the biogenic precursor emissions, the frequent Siberian forest fires are suggested to play a role
even up in the Arctic during the warmest months. Evidence of this was also found using simultaneous
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black carbon and gaseous precursor measurements, as well as the combined air mass analysis and satellite
retrievals. A detailed source analysis will be presented in the meeting.

Our results give valuable new information on inter-annual cycles of aerosols in the Eurasian side of the
Arctic, as explained by different anthropogenic and natural sources affecting them.
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INTRODUCTION

Climate models predict changes in land surface albedo in boreal and Arctic areas of the Northern
Hemisphere (NH) due to shrinking snow cover, rising temperatures and expanding shrubs and forests. If a
highly reflective snow-covered surface is replaced by aged snow, a darker more vegetated or snow-free
surface, more solar radiation will be absorbed and the temperature will rise, triggering a positive feedback
loop: greater radiation absorption enhances further warming. This feedback effect of greater warming with
decreasing snow or ice cover is referred to as ‘Arctic Amplification’ (Screen and Simmonds, 2010).
Indeed, the snow cover extent in the NH has reduced during the past decades (Brown and Robinson, 2011)
with the strongest decrease observed during the spring season. Air temperatures have increased more in
the northern latitudes than in tropics (Screen, 2014) and affected snow cover extent in the NH (Brown and
Robinson, 2011). In warmer conditions, increased snow cover temperatures enhance snow grain growth
(Wiscombe and Warren, 1980). Vegetation productivity in subarctic regions has recently increased (arctic
greening) and is associated with summer warmth enhancement which in turn is connected to sea ice retreat
(Dutrieux et al., 2012). Dark vegetation over a snow covered surface results in a decrease in reflectivity.
Precipitation pattern changes will alter snow properties and thus the surface albedo: fresh snow has a
higher albedo than aged snow with a larger grain size. Aged snow has also been exposed for longer time to
impurities, such as dark aerosol particles or vegetation litter depositing on top of the snow layer and has
therefore a lower albedo than freshly fallen snow (e.g. Hansen and Nazarenko, 2004). All these processes
together change the surface albedo and, thus the radiation balance, affecting the climate system on global
and local scales. Due to the large difference in albedo of snow-covered and snow-free surfaces, albedo
changes have the largest impact on the radiative balance during the snowmelt period.

The goal of this work is to study a possible relation between satellite-derived surface albedo in the spring
(March, April and May) and factors which may affect it. In this study we looked at the effects of snow
cover fraction (SCF), air temperature, precipitation amount and frequency, and vegetation greenness. The
area of interest lies in the NH, north of 50°N (}Hand covers all land territories, except Greenland and
Iceland.

METHODS

Satellite and gridded station observations for the years 2000-2012 were analyzed. The Moderate
Resolution Imaging Spectroradiometer (MODIS) MCD43C3 combined product from two sensors onboard
the Terra and Aqua satellites was used. Short-wave (0.3-5.0 pm) black-sky albedo and SCF data, both
with a resolution of 8 days on a spatial grid of 0.05 degrees, were selected. The MOD13C2 Enhanced
Vegetation Index (EVI), which relates to the photosynthetic absorption of radiation by vegetation and can
be interpreted as biomass, was used to study the effect of vegetation on surface albedo. It is a monthly
product on a 0.05 degrees grid. Climate Research Unit (CRU) time-series (TS) data on air temperature,
precipitation amount and occurrence was also used. It is gridded to the 0.5 degree temporal and monthly
time resolution dataset from over 4000 weather stations around the world.
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For direct comparison, all data were reprojected and resampled to the 25km EASE-grid (Equal-Area
Scalable Earth Grid) which is widely used in the analysis and visualization of data in polar areas.
Additionally, MODIS surface albedo and SCF data were averaged to monthly means. All data pixels
where SCF was less than 1% were discarded from the analysis.

Areas with permanent and complete (100%) SCF were divided into several geographical regions, such as
Arctic Archipelago, Taymir Peninsula, Siberia, Scandinavia, Northern Canada and Labrador Peninsula.
Because albedo might not have a linear dependence on the studied variables, we chose Spearman’s rank
correlation over linear Pearson correlation in our calculations.

RESULTS

We found that SCF is the strongest variable affecting the surface albedo in the land aregsdofiNgl

the spring season. Changes in albedo are tightly connected to changes in SCF throughout spring season.
Significant high positive correlation was found over most of the territories @f,NHhere SCF changes

were detected (Figure 1). Averaged over the whole study domain, albedo and SCF also show strong
positive correlation with correlation coefficients varying from 0.75 in March to 0.96 in May. However, we
have also found that in large areas in both North America and Eurasia the albedo may change by up to
+0.2 in conditions of constant 100% SCF. Hence, we postulate that other factors, such as air temperature,
precipitation pattern or vegetation, affect surface albedo changes.
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Figure 1. Maps of Albedo — SCF correlation coefficients for March, April and May determined for the
years 2000-2012. Grey areas show areas with constant SCF throughout the study period. The scatterplot
shows the relation between the albedo, averaged over study domain, and SCF for each of the spring

months separately. Correlation coefficients are listed in legend.

From the factors we looked at, the air temperature has the largest effect on the spring-time surface albedo

for areas where SCF does not change. Our analysis shows that there is a threshold of about -15°C for
temperature, above which temperature affects the snow albedo: if the monthly mean exceeds this value,
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further warming decreases albedo (Figure 2). Correlation maps (not shown) support this finding. For the
areas where the mean monthly temperature is warmer than about -15°C, the correlation coefficient is
found to be negative. This threshold is much lower than usually considered in climate models with
temperature dependent snow albedo parameterization schemes (e.g. Pedersen and Winther, 2005).
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Figure 2. Relation between albedo and mean air temperature for the study regions. Straight lines show
linear fits to data. Note that the areas of the regions are changing from month to month because of the
requirement of constant 100% SCF.

The precipitation amount has been found to be important in Northern Canada in March, while in the Arctic
Archipelago and Taymir Peninsula the precipitation occurrence affects albedo in April (Table 1). Despite
of anticipation of positive correlation between precipitation amount or occurrence and albedo, there are
vast areas where precipitation is negatively correlated with albedo (Figure 3). A possible reason for this
observation could be the increased occurrence of rain or wet snow, rather than solid precipitation.

The strongest trend in greening has been observed in subarctic areas. However, no significant correlation
has been found on the regional level, with the exception of Northern Canada, with a significant negative
correlation in March (R = -0.81) and a positive correlationin April (R = 0.79) (Table 1).

Precipitation

-1 -0.5 0 0.5 1
Figure 3. Albedo and precipitation amount (top panel) and number of days with precipitation (bottom
panel) correlation coefficients maps.
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March April May

T°C Prec Wet EVI T°C Prec Wet EVI T°C Prec Wet EVI
days days days

Arctic 0.3¢ -04 -0.0z 0.2z 0.1¢ 057 0.7 -0.1¢ -0.7z -0.1t -0.4z -0.1t
Arch.

Tajmyr 0.C -057 -0.28 0.1¢ -0.2¢ 0.5: 0.6t -0.1¢ -0. 0.3t 0.1z -0.2¢

Siberie -0.2¢ -0.14 -0.2¢ 0.2z -0.5¢ -0.3z -0.3¢ -0.3- - - - -

Scanc -0.4¢ 0.11 0.0€ -04¢ -054 047 0t -0.3¢c - - - -

Canad -0.4¢ 0.5z 0.5t -0.81 -0.2¢ -0.6z 0.01 0.7¢ - - - -

I AlhvradA n 1% N EcC laW g n N/ N oc n 21 n N~ N 2C

Table 1. Pearson correlation coefficients for albedo and studied parameters for each of the regions falling
into a constant SCF area. Significant correlation coefficients (p-value < 0.05) are shown in bold.
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INTRODUCTION

The predicted environmental changes in the Arctic (permafrost thaw; changes in hydrology and vegetation)
are suggested to have a marked effect on the &M@ CH dynamics. Especially methane, as a strong
greenhouse gas, may have a significant positive feedback to climate warming in the permafrost areas. It would
be important to incorporate these GHG sources into the climate models, but more long-term flux
measurements in the Arctic are needed to understand the dynamics behind their atmosphere-biosphere
exchange. The Finnish Meteorological Institute (FMI) has started continuous long-term measurements of the
fluxes and concentrations of the most important greenhouse gases, carbon dioxide and methane in Tiksi, in
northern Siberia. The efforts of the FMI are part of a collaboration project with National Oceanic and
Atmospheric Administration (NOAA) and Roshydromet (Yakutian Hydrometeorological Service, Arctic and
Antarctic Research Institute and Main Geophysical Observatory units). The atmospheric research activities in
Tiksi started as International Polar Year 2007/2008 project "The International Arctic Systems for Observing
the Atmosphere (IASOA)". In this presentation we will provide first estimates of the annual balances of CO
and CH exchange in Tiksi, study the responses of fluxes to different environmental and phenological
variables and compare the results from this permafrost system to results obtained in non-permafrost soils in
northern Finland.

METHODS

The Tiksi flux measurement station (71°35.656°N, 128°53.273’E, 7m a.s.l.) is situated in the vicinity of the
Tiksi observatory on the shore of the Laptev Sea and close to the Lena river estuary. The measurement area
covered by eddy covariance measurements consist of a mosaic of different vegetation and land cover types
along with the hydrological gradient from a drier upland to a wetter valley. The permafrost in the area is
continuous and the typical depth of the active layer in August is 40-50 cm. The mean annual temperature and
precipitation at Tiksi observatory are -12.7 °C and 3238 respectively.
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Continuous eddy covariance flux measurements of &1 energy started in July 2010, and in June 2012, the
system was extended to cover the,@lHxes as well. The EC instrumentation consisted of USA-1 (METEK)

sonic anemometer, LI-7000 (Li-Cor) GB,0 analyzer and RMT-200 Ctanalyzer (Los Gatos Research).

The surface area covered by eddy covariance measurements consisted of a mosaic of different vegetation and
land cover types along with the hydrological gradient from a drier upland to a wetter valley. The community
structure, biomass, areal cover and leaf area index of the vegetation and the pH, organic matter (OM) content,
temperature and permafrost depth of the soil have been studied in the measurement area in two field
campaigns (17-23 July 2012, 1 July — 17 August 2014). For the upscaling purposes the EC footprint was
categorized into seven vegetation types: bog, wet fen, dry fen, tussock tundra, grass meadow, shrub moss
tundra heath and lichen tundra heath. High resolution (2m) Quickbird and WorldView2 images will be

utilized to produce land use map for the area.

The supporting meteorological and hydrological measurements were recorded at 30min frequency in three
different locations representing dry, wet and intermediate surfaces. The measurements included air
temperature and humidity, different radiation components (net radiation, global radiation, PPFD, albedo), soil
temperature and humidity, water table depth and soil heat flux. Precipitation and snow depth were measured at
the near-by Tiksi observatory.

RESULTS

The EC measurements of g@nd energy fluxes have been running continuously since June 2010 with an
exception of a 3 month break during the first winter. The @@ake rates during the peak summer were
similar to those observed in a wetland in northern Finland, but during the winter time tieX&® averages
close to zero, while in northern Finland small but steady €fflux takes place throughout the winter.
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Figure 1. Half-an-hourly C@and CH fluxes at Tiksi. The negative values represent downward fluxes i.e.
uptake by ecosystem.

61



The CH, fluxes were started in July 2011 but due to series of instrumental problems there was a long break in
the measurements until they were re-started in June 2014 (Fig. 1). THilex@d show distinctive differences

in the fluxes representing different vegetation classes and hydrological conditions with higher fluxes from the
wetter southern sector and to small uptake on the dry upland in north (Fig. 2).

Micrometeorological methane fluxes
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Figure 2. CH emission in different wind directions during summer 2014. The highest fluxes are observed for
southerly winds from the wet sedge area at the valley bottom.
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INTRODUCTION

Atmospheric aerosol particles are affecting the Earth’s radiative balance both by scattering solar radiation
and by acting as cloud condensation nuclei (CCN). CCNs are a subset of all particles that are able to form
cloud droplets in specific atmospheric conditions. Radiative properties of clouds are dependent on the
number of cloud droplets and according to Twomey (1974) an increase in the CCN concentration leads to
an increase in the cloud droplet number concentration (CDNC). Makkonen and co-workers (2012)
showed, that on a global scale, a decrease in CCN in the year 2100 resulting from more efficient reduction
of sulphur dioxide emissions, could lead to a decrease in CDNC by 20 %. The change in CDNC combined
with the decrease of the direct aerosol effect would lead to a change in aerosol forcing from present-day to
year 2100 of up to 1.4 W f Other important parameters for the concentrations of cloud droplets are the
updraft velocity prevailing at the cloud base during cloud droplet formation (with high updrafts more
cloud droplets can activate), the number concentration and the chemical composition of the cloud
condensation nuclei.

The CDNC does not only dependent on the activation at the cloud base, but the cloud is a dynamic system
with spatially and temporally varying properties. More cloud droplets may form due to in-cloud activation
or due to entrainment of air from the cloud edges that might lead to formation of fresh cloud droplets. On
the other hand, cloud droplets may evaporate because of mixing at the cloud boundaries or in-cloud
dynamics. The latter of these can be important in stratus type clouds with long in-cloud residence time of
the air parcel. The mixing at cloud boundaries takes place in all clouds, and the type of mixing is
dependent on the meteorological conditions and mixing time scales. In homogeneous mixing, all particles
loose water, but their number concentration is not affected. In heterogeneous mixing part of the droplet
population experiences complete evaporation and shrinks back to aerosol particles. It is dependent on the
time scales and moisture content of the entraining air and also the size of the droplets evaporating.
Different phenomena related to aerosol cloud interactions and cloud dynamics involve large range of
scales. Microphysics of aerosol-cloud interactions can be studied by process models, or so called box
models, which are mainly used to study how and which aerosol particles are able to form cloud droplets.
On the other end of scales are global models, which are needed to assess how changes in cloud properties
affect the global radiation budget. Between these scales exist cloud resolving (CRM), or large eddy
models (LES), that can be used to study cloud dynamics and for example the effect of aerosols on drizzle
formation. In our research group Large Eddy Simulation model is actively used to investigate the effect of
turbulence on the formation and growth processes, and to reveal a more realistic turbulent flow in the
boundary layer. However, even in CRM the scale (resolution > 1 m) is such that all small scale turbulence
needs to be parametrized.

A tool to provide this parametrization is direct numerical simulation (DNS), which can be used to study

for example cloud boundaries in the scales from a few centimetres up to a few meters at most. Recently, in
order to study the activation process at the cloud edge, the following model was proposed by our research
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group (Babkovskaia et al., 2015). In this model the gas is compressible; thermal conductivity and diffusion
coefficients of every species and of a mixture are described by the accurate expressions (Babkovskaia et
al., 2011); thermal flux, change of energy by evaporation/condensation and viscous heating are included in
the energy equation, and the solute effect is taken into account. To study the activation of aerosol particles
we consider the condensation and evaporation of the aerosol particles covered by liquid water. We take
80 size classes of the cloud droplets with the droplet size logarithmically distributed in a range from 0.08
to 10 m.

METHODS

We use the direct numerical simulation high-order public domain finite-difference PENCIL Code for
compressible hydrodynamic flows. The code advances the equations in a non-conservative form. The
degree of conservation of mass, momentum and energy can then be used to assess the accuracy of the
solution. The code uses six-order centered finite differences. For turbulence calculation we normally use
the RK3- 2N scheme for the time advancement. This scheme is of Runge-Kutta type, third order. On a
typical processor, the cache memory between the CPU and the RAM is not big enough to hold full three-
dimensional data arrays. Therefore, the Pencil Code has been designed to evaluate first all the terms on the
right-hand sides of the evolution equations along a one-dimensional subset (pencil) before going to the
next pencil. This implies that all derived quantities exist only along pencils. Only in exceptional cases do
we allocate full 3-dimensional arrays to keep derived quantities in memory. The code is highly modular
and comes with a large selection of physics modules. It is widely documented in the literature and used for
many different application (Dobler et al., 200@p://pencil-code.googlecode.caamd references therein).
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CONCLUSIONS

We study the aerosol activation process at a cloud edge in the computational domain of the size 500 cm x
250 cm x 250 cm. In Fig. 1 we show the structure of the motion at t=0, 2, 4 and 6 s. We assume that the
dry air flux is coming into the domain (with velocity Ux=10 cm/s) in the middle part and going out near
the boundaries. Moist air moves in horizontal direction with velocity Uy=100 cm/s. We consider the flux

of aerosol particles, through the boundary between dry and moist air and analyse the effect of aerosol
dynamics on the turbulent fields and vice versa.

Since the Kolmogorov scale is much smaller than the typical grid cell size of numerical simulation in
atmospherics scienc®(1) mm), we use the Smagorinsky model for the subgrid scale turbulence. To
analyse the validity of the Smagorinsky approximation for the description of turbulent motion of air with
aerosol particles, we compare the number of activated particles in 2D and 3D models with different
resolutions. We find that the differences between the results of 2D simulations with different grid cell
sizes are much larger than those between 2D and 3D simulations with the same cell size. Therefore, we
conclude that a high resolution 2D model gives more realistic result for the simulations of activated
particles than a similar 3D model with lower resolution.

We analyze the distributions of supersaturation and the concentration of activated particles in the domain
attimes t=0s, 1 s, 2 s, 4 s. We show that the small scale turbulence plays an important role in particle
activation. In a high resolution case, activation is limited at the cloud edge, whereas this is opposite in a
case of lower resolution. Finally, we investigate the interactions between turbulence and microphysics. We
find that aerosol dynamics increases the supersaturation in most parts of the domain by 16 %, and in some
places even by 46 %. Activation of particles decreases the air temperature by about 0.03 K, and
evaporation increases it by about 0.26 K.
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INTRODUCTION

High-latitude terrestrial snow is a complex component of the Earth climate system. Part of its complexity
comes from its sensitivity to the atmosphere on a range of spatial and temporal scales. Snow cover acts as a
buffer to modify energy exchange between the surface and the atmosphere. It also serves as a storage term in
water balance, affecting both streamflow and runoff. Connecting snow cover to variability in atmospheric
circulation remains a challenging problem (e.g., Derksen and LeDrew, 2000). For example, while the presence
or absence of snow modifies energy exchanges with overlying air masses, the air masses themselves are
responsible for depositing and ablating snow cover. Furthermore, snow has high surface albedo in open areas,
low thermal conductivity, and plays important role in both global energy and hydrology balances. However,
despite its importance to a wide spectrum of the sciencesitthseasonalariability, on 30-60 day time

scales, of snow has received little attention. This is in spite of the known atmospheric circulation response to
tropical convection on time scales of the Madden-Julian Oscillation (MJO; Madden and Julian, 1972). The
primary hypothesis of this work is that anomalies in tropical convection modulate atmospheric circulation in
high-latitudes and subsequently modify surface snow during the winter season (see Fig. 1 for a detailed
depiction of this hypothesis). By testing variability of changes of snow depth by phase of the MJO, possible
relationships and variability on intraseasonal time scales can be explored.

4. Arctic sea ice
and snow extent

2. Poleward
wave train

1. MJO

- ~
Convection N = A a

Figure 1. Possible pathway for intraseasonal variability of high-latitude terrestrial snow cover.

66



METHODS

Measuring terrestrial surface snow is a challenging dimension of the problem. Several variables exist to
guantify surface snow: snow cover (the presence, or absence, of snow at a point), snow depth (the deepness of
snow at a point), snow mass, volume, and density (the quantity of snow at a point), and even snow water
equivalent (the quantity of frozen water at a point). Each of these variables has strengths and weaknesses,
including in measurements. In-situ measurements often provide the best assessment of snow at a point, but in
high-latitude regions, these are rare. Remote measurements, such as those from geostationary and polar-
orbiting satellites, provide more temporal and spatial coverage, but often suffer from gaps including cloudy
regions or regions with variable surface cover or topography. For this study, the first snow variable tested was
snow depth, as it was considered to be the most rigorous. Subsequent work will test snow water equivalent.

The analyses in this study were based on publicly available datasets. To quantify snow variability, daily snow
depth data from 1980-2013 were taken from the European Center for Medium-Range Weather Forecasting
(ECMWEF) interim (ERA-interim; Deet al 2011). For this study, only the month of October was analyzed.
October was selected because that is the start of the winter snow season over high-latitude areas. Daily snow
depth changes were passed into a self-organizing map (SOM) neural network with nine nodes. The SOM net
then organized each day into the node most closely matching observed snow depth change. To gain an
understanding of the state of the Arctic atmosphere under different phases of the MJO at both surface and
mid-tropospheric levels, daily data from the National Centers for Environmental Prediction (NCEP)—
Department of Energy (DOE) reanalysis 2 (Kanamétsal 2002) were examined. Variables included in the
atmospheric analysis were surface air temperature, 500-hPa geopotential height, mean sea level pressure, 2-m
surface temperature, and 10-m winds, for the period 1980 to 2013. Daily composite anomalies of pressure,
height, temperature and wind were calculated for October by phase of the MJO using the methodology
described below.

CONCLUSIONS

Given that Arctic sea ice was found to vary intraseasonally by Hendetradrf2014), and that Arctic
atmospheric circulation was found to vary intraseasonally by Vecchi and Bond (2004) aatla¥@2012),
among others, it is likely that MJO projects also onto high-latitude terrestrial snow. Figure 2 shows
preliminary results that indicate the variability of snow depth change by nodes in the SOM.
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Figure 2: Mean snow depth changes as organized by a self-organizing map (SOM) neural network.
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Node 1 indicates minimal snow depth change over high latitudes, while Node 9 indicates a dipole in snow
depth change, with negative snow depth change over western Russia and positive snow depth change over
central and eastern Russia. Each node is also associated with different occurrences of the eight active (and the
inactive) MJO phases. Figure 3 shows the occurrence of each MJO phase in each SOM neid&l Yoo

(2012) found that one to two weeks after phases 4-6 was associated with below-normal temperatures over
North America.
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Figure 3: MJO phase occurrences for each SOM node.

Nodes 1, 2, and 8 were found to have the highest occurrences of those MJO phases, although mean snow
depth change over North America was mostly neutral in those nodes. The complexity of the interaction
between SOM nodes and MJO phases suggests additional work is needed to understand the MJO's role in
modulating high-latitude snow cover.
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CHINA ENVIRONMENTAL AND CONTAMINATION HISTORIES:
INSIGHTS FROM ATMOSPHERIC TRACE ELEMENTS IN THE PURUOGANGRI ICE CORE
(TIBETAN PLATEAU)

E. BEAUDON!, P. GABRIELLI? R. SIERRA-HERNANDEZ, A. WEGNER and L. G. THOMPSOM
Byrd Polar Research Center, the Ohio State University, Columbus, OH, United States
2School of Earth Science, the Ohio State University, Columbus, OH, United States

3Alfred Wegener Institute, Bremerhaven, Germany

Asia is facing enormous challenges including large-scale environmental changes, rapid population growth and
industrialization. The inherent generated pollution contributes to half of all Earth’s anthropogenic trace metals
emissions that, when deposited to glaciers of the surrounding mountains of the Third Pole region, leave a
characteristic chemical fingerprint. Records of past atmospheric deposition preserved in snow and ice from
Third Pole glaciers provide unique insights into changes of the chemical composition of the atmosphere and
into the nature and intensity of the regional atmospheric circulation systems. The determination of the
elemental composition of aeolian dust stored in Tibetan Plateau glaciers can help to qualify the potential
contamination of glacial meltwater as a part of the greater fresh Asian water source. The 215 m long
Puruogangri ice core retrieved in 2000 at 6500 m a.s.l. in central Tibetan Plateau (Western Tanggula Shan,
China) provides one of the first multi-millennium-long environmental archives (spanning the last 7000 years
and annually resolved for the last 400 years) obtained from the Tibetan Plateau region. The Puruogangri’'s area
is climatologically of particular interest because of its location at the boundary between the westerly (dry) and
the monsoon (wet) dominated atmospheric circulation (the monsoon strength being driven by Eurasian spring
snow cover). The major objective of this study is to determine the concentration of trace and ultra-trace
elements in the Puruogangri ice core between 1600 and 2000 AD in order to characterize the atmospheric
aerosols entrapped in the ice. Particular attention is given to assess the amount of trace elements originating
from anthropogenic sources during both the pre-industrial and industrial periods. The distinction between the
anthropogenic contribution and the crustal background may rely on the precise decoupling of the dry and wet

seasons signals, the former being largely influenced by dust contribution.
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POLLUTION OF THE AIRBASIN OF AN INDUSTRIAL CENTER

B.D. BELAN, D.K. DAVYDOV, AV. FOFONOV, G.A. IVLEV, A.V. KOZLOV, D.A. PESTUNOV,
D.V.SIMONENKOV,T.M. RASSKAZCHIKOVA, T.K. SKLYSDNEVA, N.V. UZHEGOVA, G.N.
TOLMACHEYV and M.YU. ARSHINOV

V.E. Zuev Institute of Atmospheric Optics, Siberian Branch, Russian Academy of Sciences,
Tomsk, Russia.

Keywords: NDUSTRIAL CENTER, URBAN, SUBURBAN, HEAT ISLAND, AIR POLLUTION,
MOBILE MEASUREMENT STATION.

INTRODUCTION

Research of patterns of air pollution field formation and transformation in large industrial centers has been
thriving for the last 10-15 years. It has been considered for a long time that a city is well ventilated on a
regular day with moderate wind, and increased concentration of air pollution is observed only near the
industrial areas or along the plume of contaminants. A lot of studies show that the polluting admixtures
produced in the city area are not transported outside but can be converted furthermore by various
processes. As a result of combining such factors as industrial objects accumulation in limited space,
orography, artificial and natural reservoirs etc., a local circulation arises in city areas (Penenko and
Korotkov 1998, Penenko and Tsvetova, 2002

The peculiarity of urban local circulation is the arousal of returned airflows leeward of the city opposite to
the main airflow. This returned air circulation locks industrial emissions in the city area. A haze consisting
of gases and aerosols appears above the city. It is called “pollution cap”. A peculiar characteristic of such
a circulation is that it persists not only with a light wind but with a moderate one too. It is disrupted by
atmospheric fronts but is renewed within 24 hours.

Thus, an “urban column” is formed above the city. Since the air temperature inside the column is higher
than that of the city surroundings, the air begins to rise. At the beginning the urban column has a vertical
shape and then under the influence of the main airflow it begins to bend (Landsbery, At983
considerable distance from the city it becomes horizontal and spreads near the upper edge of the
atmospheric boundary layer. This layer is separated from the free atmosphere by entrainment zone and its
height depends on the season.

The goal of this paper was to determine experimentally the local air circulation effect on air composition
of the industrial cities of Siberian region. In this paper we analyzed summer period and compared it with
the results obtained for other seasons. The winter period was extensively studied by Matveev (2000).

DATA AND METHODOLOGY

During this investigation we used the AKV-2 mobile station designed by the Institute of Atmospheric
Optics SB RAS. The station equipment enables the following continuous measurements to be carried out:
air temperature and humidity; wind speed and direction; total solar radiation; NOONSQ,, CO, CQ
concentration; aerosol size distribution in two ranges: 0,4m®y use of the modernized AZ—6 optical
counter and 3—200 nm with the diffusion aerosol spectrometer. The accuracy of all given measurements by
the AKV-2 station has been described in detail by Arshinov et al. (2005).
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Aerosol chemical composition was determined by particulate matter sampling onto FPP filters and
subsequent analytical analysis. In general, the AKV-2 station doesn't differ much from similar ones
designed by other institutions.

The possibility of conducting en route measurements with the AKV-2 mobile station has allowed us to
proceed from route based observations to the areal ones. This, in turn, allows the use of modern software
packages for air pollutant mapping of the territory of a specific city. We had validated this method in
Tomsk in July 2005 (Belan et al., 2007). To compare the air composition in other cities we had carried out
measurements in February—March, 2004 and in August, 2005 along the route shown in Fig. 1. En-route
measurements were performed in every large industrial city.
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Figure 1. The route of the mobile station in February—March, 2004.

In addition to the continuous observations during the station motion, in Angarsk, Usol'e-Sibirskoe, Tulun,
Nizhneudinsk, Taishet, Kansk, Krasnoyarsk, and Achinsk, we had carried out measurements during stops
at the city entry, near the downtown, and at the exit. This method is classical. These observations were
aimed at estimating the contribution of urban circulation to pollution accumulation in the city area and the
change of thermodynamic regime. The main feature of this method is that the measurements were had to
carry out as soon as possible in the three points. Fig. 2 illustrates the positions of the stops in Achinsk. In
other cities, the measurements were performed by the same scheme.

g

Figure 2. Scheme of measurement sites in Achinsk on February 29, 2004 (07:00-11:00 LT).

RESULTS AND DISCUSSION

The measurement data obtained in all of the above-mentioned cities have revealed the presence of
pollutant accumulation processes and change of the thermodynamic regime on their territory. Of course,
there is no ideal correspondence with a theory. Nonetheless, certain general regularities do exist.

If we look at Fig. 3, which presents the gas and aerosol concentrations, temperature, and relative humidity
observed in Achinsk, we can see that in the central part where usually admixtures are accumulated, the
SO, NO,, CO, and aerosol concentrations are a several times higher than in the city periphery. On the
contrary, the ozone content in center is much lower. This is normal, having in mind that the ozone is not
injected to air by enterprises and engines, but rather is formed from precursors immediately in the
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atmosphere (Penenko and Aloyan, 1985). In the presence of high aerosol concentration, ozone molecules
O; start to interact with aerosol particles and are destructed.

Ambient air temperature was 2,5°C higher at the center than in the eastern/western periphery of the city.
The relative humidity deserves a special note. The point is that it is still unclear whether it is normally
higher in the city or outside it. Oke (Oke, 19&2gues that the city has additional water vapor sources:
enterprises, untight communications, motor vehicles. On the other hand, he also showed that in winter
time the snow is removed from the city streets, and much of its territory is covered with asphalt.
Therefore, the natural source in the form of surface evaporation is less effective here. Therefore, knowing
the relationship between absolute and relative humidity at a fixed air temperature (Matveev, 2000), it is
possible to draw the following conclusion. If with the increase of air temperature at the center of the city
the relative humidity proportionally decreases, this indicates that there are no additional sources of water
vapor. Otherwise, in the case of proportional covariation, the water vapor sources are present. Returning to

Fig. 3, we see that in Achinsk there took place a proportional decrease of relative humidity. Therefore, the
city has no additional moisture sources.
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Figure 3. Concentrations of sulfur and nitrogen dioxide, carbon monoxide, ozone, aerosol number
concentration (NS), air temperature, and relative humidity in center of Achinsk and its periphery on
February 29, 2004.

The plots analogous to those in Fig. 3 have been made for all cities in which we have carried
measurements for both summer and winter periods. Their analysis would occupy too much space;
therefore, we compiled the tables containing the differences between parameters at city center and its
periphery:

X = Xc - Xp
From this formula it is clear that any quantity with plus (minus) sign will have higher value at the center
(on the periphery) of the city.

Wintertime data are given in Table 1, and summertime data in Table 2. It should be noted that, in contrast
to winter, summertime measurements were conducted twice in most of the cities, on the way to and back.

City t(K 5G% KH ks, SG,, NO,, NS, Not¢
mg/nt Im® Im® Im® sm’®

Irkutsk 1.74 -9.t 0.2% -29.4 35.4 29.1 6.C

Angarsl 0.1< 0.6 0.3C -22.€ 23.C 12.2 10.:
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Surbub in
Usol'e-Sibirskoe 0.78 89| -036| 227| -499| -200 2.5 industrial
zone
Tulun 0.9C 2.C 0.21 7 342 15. 8E
Nizhneudins 20.4¢ 0.7 007 -10¢ 6.g 0.z 3.6
Taishe 1.07 8. 232]  -16.2 116 3.2 50.6 | Smog
Surbub in
Kansk 1.57 88| -003| 131| -245 93|  -11.3| industrial
zone
Krasnoyars 6.8( 2.2 -0.1¢ -1.5 63.( 7.€ 4.t Smog
Achinsk 21¢|  -151 136 221 71. 26.7 73.
Novosibirst 1.6 0.z 03f] -39¢ 776 20.€ 10.7
Akademgorodol 0.56 79| -0.07 11| 343 174 0.3
Novosibirsk

Table 1. Differences in admixture concentrations and meteorological quantities between the centers and
peripheries of Siberian cities in February—March, 2004.

City t(K 5G% KH ks, SG,, NO,, NS, Note
mg/nt Im® Im® Im® sm’®

Angars} -0.€ 6.4 2.5 -29 -6.1 33 26( 11.0¢
Usol'e-Sibirskoe 0.z -4.€ -1.2 34 -5.C -12 -11 08.0¢
Usol'e-Sibirskoe 4.C -16.€ -3.€ 1 3.8 12 -18 11.0¢
Tulun -0.2 2.2 0.1 9 4.C 0.z 26 07.0¢
Tulun 0.C 3.2 0.1 -10 3.€ 2.4 28 11.0¢
Nizhneudins -0.€ -3.C 0.1 9 -3.C 0.4 2 07.0¢
Nizhneudnsk -0.5 2.4 1.1 -7 4.C 2.2 0 11.0¢
Taishe 0.1 5.2 0.1 -17 7.z 2.€ 57 07.0¢
Taishe -0.4 -4.C -0.2 -2 -3.C 3.2 9 11.0¢
Kansk 0.z 4.z 0.z -14 -14.C 10.¢ -16 06.0¢
Kansk -0.1 -10.5 0.1 12 -2.€ 1.4 -40 12.0¢
Krasnoyars 1.C -6.C 0.z -1 3.2 4.C 28 05.0¢
Krasnoyars 1.t -9.C 0.1 7 -9.¢ 2.4 10 12.0¢
Achinsk -1.2 0.7 0.z 2 - -14 -15(C 06.0¢
Achinsk 1.6 -7.€ 0.1 -1 - 5.2 27 12.0¢
Mariinsk 1.€ -12.1 0.z 20 - -3.€ 3 05.0¢
Mariinsk -0.2 -1.4 0.1 11 1.1 -4.C 1 13.0¢
Novosibirsl -0.1 3.t 0.z -14 0.€ 9.C 111 01.0%

Table 2. Differences in admixture concentrations and meteorological quantities between the centers and
peripheries of Siberian cities in August, 2005.

From data of Table 1 it is seen that in most cases the air temperature is higher at the center than on the
periphery of the city (9 out of 11 cities). It is also seen that, the bigger the city, the larger the temperature
difference. Obviously, in this situation the number of enterprises, motor vehicles, and heat leakage from
buildings are important.

The relative humidity varies from city to city in a wide range. Nonetheless, from Table 1 we can conclude
that on the territory of eight out of eleven cities, there are additional sources of water vapor.

Carbon monoxide in the city is mainly produced by automobile engines. Naturally, its density is higher in
the central part of the cities. This is reflected in Table 1. Exceptions are Usol'e-Sibirskoe where the
peripheral point turned out to be near industrial zone, and Krasnoyarsk, in which the measurements at the
center were conducted at nighttime. Seemingly, the peripheral measurements were carried out in period of
a heavier traffic. The difference in Kansk and Novosibirsk’s Akademgorodok is close to the measurement
error of these parameters.

73



As was already noted above, ozone in the central part of the cities suffers destruction in fresh emissions
and frequently recovers to the periphery. From Table 1 it is seen that this pattern is observed in nine cities
out eleven under consideration. Two cities, in which the background points undergo impact of the
industrial zone, the pattern is reverse.

Sulfur and nitrogen dioxide, whose sources are emissions of different origin, typically have increased
concentration at the city centers and decreased concentrations towards the periphery. Exceptions, again,
occur for two cities in which the background measurements were conducted in industrial zone.

Concentration of particles with 0.4 m is presented in the last column of Table 1. Data in this column

also demonstrate increased values in the central part of the cities and decreased values in the periphery, of
course, with the exception of the cases when the background was measured in the region of industrial
zone.

Thus, the industrial emissions and automobile exhausts in most of the industrial cities of Siberia in winter
turn out to be the source of increased admixture concentrations in the atmosphere of the cities. Moreover
these pollutants do not disperse, but even are accumulated.

From Table 2 it follows that, in contrast to winter period (Landsberg, G.E., 1983), in summer the
differences in concentrations and meteorological quantities between the city center and periphery are
much more variable. The main interseasonal difference is the absence of a stable regularity in the
distribution of the differences, which was the case for winter. Obviously, this is due to better dispersal of
the contaminants from the atmosphere of this region in summer.

CONCLUSION

The experimental studies conducted have revealed that in winter in the industrial cities of Siberia the
existing specific local circulation favors creation of specific fields of admixture distribution. The
admixture concentration is higher in the central city parts and decrease toward the periphery. This same is
also true for thermodynamic air characteristics.

In summer, owing to more effective atmospheric ventilation, the effects of local circulation substantially
weaken. As a result, the distinct admixture accumulation in the central parts of the cities may not always
be revealed.
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ATMOSPHERE-LAND COUPLING AT HIGH LATITUDES: IMPACT ON NEAR SURFACE
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INTRODUCTION

Many models, including the ECMWF model, show strong sensitivity to the parameterization of the stable
boundary layer. The sensitivity is reflected in the night time temperature, the amplitude of the diurnal
temperature cycle, the structure of the wind profile (wind direction, surface wind, low level jet), the
surface stress, impact on the large scale flow, the magnitude of Arctic amplification in climate models,
and the night time build-up of GGn carbon models. Similarity theory supported by observations is well
established for the stable boundary layer. It is widely accepted for the surface layer with Monin Obukhov
similarity, and can be extended to the outer layer through local scaling (Nieuwstadt 1984). This is fully
consistent with a closure scheme that expresses turbulent diffusion coefficients into shear, the distance
above the surface as length scale and stability functions dependent on the Ri-number (Louis 1979).
However, very few models use functions that are purely observationally based. With an observationally
based formulation it is very difficult to control the diurnal cycle of temperature and to obtain optimal large
scale scores (Beljaars 2001). The reason for this discrepancy is not well understood. Possible explanations
are: (i) similarity theory only applies to the fully turbulent stable boundary layer and not to the intermittent
low wind regime, (ii) similarity theory applies to homogeneous terrain only, whereas real terrain is nearly
always sloping or covered with inhomogeneous vegetation, and (iii) meso-scale variability may contribute
to the vertical transport or enhance turbulence.

This is the reason that many models use so-called “long tail” stability functions to have more diffusion in
general and also some mixing at high Richardson numbers where traditional similarity theory has virtually
no turbulent transport. One of the complications is a positive feedback between turbulent diffusion and
stability. In case of surface cooling through radiation, the increased temperature gradient leads to an
increase of the heat flux towards the surface, but stronger stability opposes such an increase. The result
can be a so-called “run-away” cooling of the surface. In that case turbulent diffusion stops altogether and a
radiative equilibrium between the atmosphere and the surface is established. The “long tail” stability
functions are efficient in controlling such run-away cooling. Similar issues exists for the simulation of

CO,, where models can have a too strong accumulation gfrC@e lowest model layer at low wind

speeds when observationally based stability functions are used.

This short paper gives an overview of experience at ECMWF with stable boundary layer parameterization
issues. The main features of the ECMWF scheme are described in Beljaars and Viterbo (1998) wit recent
upgrades in Kdhler et al. (2011), and Sandu et al. (2013). As illustration, Fig. 1 shows the latitude
dependence of the January 2011 night time temperature errors. It is clear that the errors increase with
latitude, which suggests that the most stable regime is the most sensitive to errors. This is also clear from
the long term evolution of mean night time temperature errors over Europe as illustrated in Fig. 2. The
model changes which had a big impact were in 1996 and 2007, both related to turbulent diffusion in stably
stratified flow. In 1996 the diffusion coefficient for heat was increased and in 2007 the diffusion above the
surface layer was reduced. The latter was detrimental for the temperature forecasts but was necessary to
avoid the destruction of stratocumulus through excessive diffusion in inversions. This illustrates the multi-
faceted aspects of the turbulent diffusion parameterization.
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Figure 1. Zonal mean absolute night time temperature error at 2m over land as a function of latitude of the
operational ECMWF system verified against the analyses for January 2011 (the analysis is a gridded
representation of the SYNOP observations). The night time temperature has been obtained by selecting a
verification time of 0, 6, 12 or 18 UTC (dependent on longitude and latitude) to be closest to the minimum
temperature for each location. Daily 24, 30, 36 and 42-hour forecasts have been used.
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Figure 2. Historic evolution of 2m temperature errors of the operational ECMWF system. These are
monthly values of mean and standard deviation of errors for step 60 and 72 hour forecasts, initialized daily
at 12 UTC, verifying at 0 UTC (blue) and 12 UTC (red) respectively. The verification is against about 800

SYNOP stations over Europe (88672°N/ 22°W-72°E).

THERMAL COUPLING BETWEEN ATMOSPHERE AND LAND SURFACE

The thermal coupling between atmosphere and the deep surface, has an atmospheric component and a
surface component with the radiative forcing in the middle at the so-called skin layer (see Beljaars 2011
for more details). The latter is the layer that intercepts or emits the radiation and can be the vegetation
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canopy, a litter layer on top of the soil, a snow layer or a combination of these in heterogeneous terrain.
At night the skin layer cools through radiation and it depends on the strength of the turbulent coupling
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Figure 3. Effect (in terms of mean temperature change) of the model change as indicated by the figure title
on averaged January 1996 temperature. These sensitivity experiments were performed by starting a long
integration from 1 October 1995 and applying relaxation to the 6-hourly operational analyses above 500 m

from the surface. This is an efficient way of doing “deterministic” seasonal integrations without
constraining the stable boundary layer.

with the atmosphere as well as the thermal coupling with the underlying soil to what extent the near
surface temperature will drop. These processes are affected by many empirical parameters and processes:
turbulent diffusion in the stable boundary layer (dependent on shear, stratification and meso-scale
variability), the surface roughness lengths for momentum and heat, coupling between the vegetation layer
and the soil (expressed in the ECMWF model by a vegetation type dependent conductivity), the soll
diffusion coefficient, the presence of snow (including thickness and density), the occurrence of soil water
freezing/thawing, and terrain heterogeneity.
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A clear example is the change in 1996 in which the stability functions were changed from “LTG” (long
tails) to “Revised-LTG” (even longer tails) and in which the process of soil water freezing was introduced.
Both, the increased diffusion for heat and the additional thermal inertia of the soil due to the freezing
process, reduced the winter cold bias. The top left panel of Fig. 3 shows the impact of the revised
boundary layer scheme as published by Viterbo et al. (1999) with the 1994 version of the model. This
experiment was repeated with the 2011 version of the model by implementing the original LTG and
revised-LTG versions. The impact of revised-LTG versus LTG is shown in the top right panel of Fig. 3.
Comparing the two top panels of Fig. 3, it is clear that the same boundary layer change has a much bigger
impact in the 2011 model version than in old 1994 version. It is impossible to say which model element is
responsible as many model changes were made over the years. However, very likely candidates are the
new soil hydrology scheme (Balsamo et al. 2009) and the new snow scheme (Dutra et al. 2010). In the
latter, snow is a much better insulator and therefore the winter temperatures are lower. The impact of
revised-LTG with the old snow scheme (bottom left panel) is also smaller than with the new snow scheme
(top right). Unfortunately, the effect of revised-LTG could not be tested with the old hydrology scheme.

It is clear that realistic diurnal cycles can be achieved in different ways, namely by adjusting the coupling
strength in the atmosphere through turbulent diffusion and by the coupling strength to the underlying soil.
All this, obviously depends on wind speed, presence and density of snow, and soil state (dry/wet/frozen).
To diagnose the coupling aspects, the heat fluxes over six hours before reaching the minimum temperature
are plotted as a zonal average over land as a the result of an average of daily short range forecasts with the
ECMWF NWP model (Fig. 4). The sign convention for the fluxes is positive for downward fluxes. We

will focus here on the Northern Hemisphere latitude dependence and the wind speed dependence of long
wave cooling (Lnet) , sensible heat flux (H) and ground heat flux (GO). Short wave radiation (Snet) in this
phase of the diurnal cycle is zero, and the latent heat flux (LE) is negligible. The long wave cooling (red)
decreases strongly with latitude mainly because at high latitudes the temperature is lower and therefore the
long wave emission is less. This also applies to the wind speed dependence, for strong winds (dashed) the
temperature is higher than for low winds (solid) and therefore the cooling is stronger. Surprisingly, the
sensible heat flux (green) is nearly constant with latitude and the ground heat flux (brown) follows the
radiation. For strong winds the sensible heat flux is higher because there is more mixing in the boundary
layer, but for ground heat flux the wind dependence is fairly small. It should be noted that this zonal
averaging is over different types of terrain, and snow cover, so no conclusions can be drawn for a
particular location.
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Figure 4. Zonally averaged (land only) surface energy terms covering the six hours preceding the

minimum temperature. Data has been averaged over a month of daily 24, 30, 36 and 48-hour forecasts
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selecting the forecast range for each longitude that is the closest to the minimum temperature (Operations,
Feb 2009). The solid and dashed lines are for wind speeds smaller and larger than 3 m/s respectively. The
sign convention is: positive for downward fluxes.

CONCLUSIONS

The model analysis above clearly illustrates that temperature forecasts at high latitudes depend strongly on
the details of the turbulent coupling between atmosphere and surface and between surface and underlying
soil. The ratios of turbulent heat flux and ground heat flux are documented for the ECMWF model, but it

is by no means clear whether these are realistic. Given the lack of verification on this aspect it is very well
possible that reasonable diurnal temperature cycles are achieved for the wrong reason. This will also have
consequences for the strength of the Artic amplification in climate models. Different models with different
relative coupling strengths may have similar results for the current climate but have different projections

for future scenarios.

A possible way forward is to characterize the turbulent fluxes in relation to long wave cooling from
observations in a similar way as in Betts (2006). By lack of direct sensible heat flux observations, the
observed depth of the stable boundary layer (from radio sondes) can be used to estimate the amount of
heat necessary to cool such a layer. The study should be done for a wide range of surface characteristics
and wind speeds, and similarly for model output. Although the characterization of relations between
diurnal cycles and fluxes can be done on climate model output, there is an advantage in using NWP
models because exactly the same cases can be used for the model and the observations. In NWP it is
possible to stay within the predictable range, which filters “noise” from synoptic variability. Furthermore,
there is an advantage to include g®the analysis of diurnal cycles, because it gives a different

perspective on turbulent mixing compared to heat flux (Betts 2006; Law et al. 2008).
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INTRODUCTION

The role of forests in the global carbon cycle has been explored in depths and has received large attention.
However, the effects of forests on the global climate and not restricted to carbon but there are numerous
feedbacks of forest ecosystems to the global climate system. These include albedo, emissions of VOC
leading to direct aerosol forcing and cloud formation. The effects of albedo are, in addition, usually
opposite to the effects of carbon and might, therefore, change the total effects of forests on the climate
system.

Furthermore, a large proportion of global forests are managed in some way. From an atmospheric
modeling point of view forest management is certainly the worlds larges “geo-engineering project” (in
terms of area). Apart from forest carbon stocks, also the proportion of open areas and affect deeply stand
biomasses and the proportion of different tree species. This means that in addition to the carbon balance
forest management will thus critically change albedo, VOC emissions and other parts of the surface
model.

The path of carbon, fixed by trees does not finish when trees are cut in forest operations. Some of the
carbon, the so called logging residues, are left on the site to decompose. However, these woody residues
might also be used for bioenergy which usually leads to a more rapid emissions of carbon in the logging
residues and a subsequent reduction in forest carbon stocken@3ions from bioenergy might be

smaller or bigger than emissions from fossil fuels, depending on the type of biomass used and the fossil
fuel that is used as a baseline.

A third dimension of the carbon balance of the forest sector depends on the use of the wood by the
industry and consumers. Wood and wood products contain carbon and there is evidence that a growing
stock of carbon is accumulated in wood products as wooden houses or furniture. This carbon stock is
relatively large and might be increasing depending how society and economy develop. A more obscure,
but potentially important effect of forestry is the called substitution effect. The substitution effect
describes the carbon emissions incurred or avoided by using wood derived products instead of non-wood
based products. It is based on a comparison of the life cycle analysis of wood products and alternative
products.

In this talk we present for the first time a comprehensive analysis of the aforementioned effects of forestry
in Finland on climate warming. The effects are put to the same scale and societal scenarios in the forest
sector are compared.

METHODS
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Scenario simulations and carbon balances

The potential GPP of Finnish Forests was modeled with simple canopy carbon exchange model, PRELES
(Mékela et al. 2008). The simulated GPP values, both in the reference period and in future climate
(SRESAZ2, inmcm3.0 climate mode), were used to force OptiPipe model (Valentine and Méakela 2012) to
obtain new NPP values. Within this model, temperature sum and soil nitrogen availability were linked.
Soil organic matter decomposition was modeled using the Yasso model (Liski et al. 2005). The obtained
growth change were fed into the MOTTi growth simulator (Hynynen et al. 2005) for the development of
growth predictions for the whole of Finland. Simulations were done for three different intensities for
forestry (65, 100, 130 x 106 m3 yr-1 wood production). The functions to calculate albedo effects,
VOC/aerosol effects, the accumulation of carbon in wood products as well as the substitution effect are
described below.

Albedo measurements

Albedo effects of forest management were calculated by linear unmixing from MODIS satellite products
based on stand volume and tree species. The measurements compared positively to in situ measurements
of albedo (Kuusinen et al. 2012). Albedos were changed into radiative forcing using a radiative transfer
model.

Aerosol modeling

Aerosol effects of different forest structures were calculated using the SOSAA model. As input we used
the VOC emission parameters for clear cuts and three different ages for each of the three tree species
investigated here. Direct Aerosol forcing was calculated offline by the SOSAA model using the climate
data and background concentrations of SO2 and other gases of importance for Hyytiala (Boy et al 2012).
Forcing values were interpolated for different ages using linear interpolations between different stand
ages. Indirect forcing of aerosols by cloud formation was estimated according to Kurthen (Kurten et al.,
2003).

Carbon sequestration in wood products and substitution effects

Carbon sequestration in wood products was calculated using product allocation and decay functions of
Karjalainen et al. (1994). These were separate for sawnwood derived products and pulpwood derived
products. Carbon emissions were assumed to occur during both manufacturing or wood products and
when wood products are withdrawn from the product cycle.

The substitution benefits of wood products were assumed to occur at the time when alternative products
are manufactured which was set to equal the time when wood products are manufactured. The values were
based on studies for sawnwood and for packaging based on values of the Meta-analysis of Sarthre and
O'Connor as well as the work of Pingoud et al., (Sathre and O'Connor 2010, Pingoud et al. 2010).

CONCLUSIONS

Our results indicated that carbon dominated the climate impacts of forestry. The annual cut was a central
variable that determines the carbon storage of the forest ecosystems and higher annual cuts reduced the
total carbon storage in the ecosystems. Forest shifted from being a carbon sink to a carbon source
depending on the annual cut.

Albedo effects were much smaller. It seemed that there were limited possibilities to use stand density and
stand rotation time to impact the albedo forcing. However, changes in tree species from conifers to broad-
leafs seemed to involve large changes in atmospheric forcing. Non-carbon effects, namely albedo and
aerosols seem to cancel each other out in current climate, while in future climate aerosols have larger
effect than albedo. This shift is seen especially in deciduous trees The opposite signs of the albedo and
aerosol effects may be an indicator that both depend on light absorption of leaves. Albedo values are
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proportional to the light reflected, while photosynthesis, which drives VOC emissions, is roughly
proportional to the amount of light absorbed by the foliage

The effect of substitution of non-wood products was large and dominated the responses. This is due to the
fact that the manufacturing of wood products is, on average, far less energy intensive than the
manufacturing of alternative non-wood products. However, the size of the substitution effect is relatively
uncertain and depends on consumers habits and building practices.

Altogether the work shows that the forests have a large potential for climate change mitigation. Non-
carbon effects, namely albedo and aerosols seem to cancel each other out. The large substitution effect
shows that research on the carbon balance of the end use of wood requires further attention and that the
use of sawnwood or industrial for bioenergy should be avoided if the wood can be used for manufacturing.
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TEMPORAL - SPATIAL VARIABILITY OF THE THERMAL REGIME OF THE NEAR-
SURFACE PERMAFROST AT TIKSI OBSERVATORY
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The data of five-year measurements of the active soil layer temperature started in the autumn 2009 at Tiksi
Observatory are presented with the features of climatic and landscape characteristics of the region. The
active layer thermal structure is described. The reasons for its possible evolution are analyzed and their
basic statistical characteristics are given. The experimental data are compared with estimates of seasonal
thawing depth dynamic for 1936 - 2012, calculated with empirical relationships and the modified version

of Kudryavtsev model, where thermophysical properties of vegetation and ground are parameterized as
input. The results indicate a gradual reduction of the active layer thickness during 1930s -1960s, replaced
later by growth, continuing to the present. The calculated values of the active layer characteristics are in a
good agreement with estimations for the Tiksi area.

85



AEROSOL AND CLOUD PROPERTIES MEASURED DURING PALLAS CLOUD
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INTRODUCTION

Clouds constitute perhaps the largest source of uncertainty in predicting the behaviour of the Earth’s
climate system. Vulnerable Arctic region is slowly heading towards a new climatic state with
substantially decreased permanent ice cover. However, due to poorly understood feedback mechanisms,
the rate of Arctic climate response to changes is very hard to predict with current global models. Arctic
clouds are supposed to have central role in these feedback processes (Vavrus, 2004). Many of the
climatically important cloud properties, including the&etivity, lifetime and precipitation patterns of

clouds, depend strongly on atmospheric aerosol particle properties, like chemical composition or number
concentration. The essential cloud microphysical parameters in studying aerosol-cloud-climate
interactions are the total number concentration and effective radius of cloud droplets, cloud liquid water
content and the relative dispersion of a cloud droplet population (Komepala2005; Lihavaineet al,

2008).

METHODS

The 4" Pallas cloud experiment was carried out six weeks, between Septeffilaei@ctober 302012,

at Finnish Meteorological Institute's Pallas-Sodankyld Global Atmosphere Watch (GAW) station in
northern Finland (Hatakket al, 2003). The measuring site - Sammaltunturi station (6K?5B1°07E) -

resides on a top of the second southernmost fjeld, a round topped treeless hill, in a 50-km-long north and
south chain of fjelds at an elevation of 565 m a.s.|. Sammaltunturi station is, due to topography of the
surrounding terrain, a great place for ground-based observations of low level orographic clouds. Thus
providing an opportunity to investigate not only the cloud droplet activation of aerosol particles, but also
directly the cloud particle phase (Kivekatsal, 2009; Anttilaet al, 2012).

The measurements included wide range of instrumentation: aerosol number size distribution with
differential mobility particle sizers (DMPS), total number particle counters (CPC, TSI 3010, Airmodus
A20), particle absorption with Aethalometer (model AE 31, Magee Scientific), Multi-Angle Absorption
Photometer (MAAP, Thermo Scientific) and the Single Particle Soot Photometer (SP2, DMT), and
particle scattering with the integrating Nephelometer (model 3563, TSI). The ambient RH was measured
with Vaisala HUMICAP sensor, and visibility and temperature were measured with Vaisala FD12P
weather sensor.

In addition to the above mentioned equipment, the aerosol CCN and hygroscopic properties were
measured with the HTDMA (Hygroscopicity Tandem Differential Mobilitity Analyzer) and the Cloud
Condensation Nuclei Counter (CCNc, DMT model CCN-100). In situ cloud properties were measured
with a Forward Scattering Spectrometer Probe (FSSP, Bv4hodel SPP-100, DMT) and the Cloud,
Aerosol and Precipitation Spectrometer (CAPS, DMT), which includes three instruments: the Cloud
Imaging Probe (CIP, 12.5m-1.55 mm), the Cloud and Aerosol Spectrometer (CAS-DPOL, 0.51:0
with depolarization feature, and the Hotwire Liquid Water Content Sensor (Hotwire LWC, 0 - 3 g/m3).
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Mass and chemical compaosition of non-refractory submicron particulate matter was characterized with an
Aerosol Chemical Speciation Monitor (ACSM, Aerodyne) and the chemical composition of gas and aero-
sol phase was measured with an online ion chromatograph for Measuring AeRosols and GAses (MARGA
2S ADI 2080, Metrohm Applikon Analytical BV).

Trajectrory analysis was done with NOAA HYSPLIT model using GDAS meteorological data at three
heights (100, 500, 1000 m a.g.l.). The air mass source regions were divided into five categories: Arctic,
Eastern, Southern, Western and Local, (Fig. 1.). Based on weighted fractions of air masses over the source
regions, for each trajectory the region of the highest weight was considered to represent this air mass type.

Figure 1. Map of air mass sectors: | (Arctic), Il (East), lll (South), IV (West) and V (Local).
Table summarizes statistics over each sector for all three heights.

G.LA[m] Local Arctic Eas Soutt Wes
10C 0.2¢ 0.3¢ 0.1% 0.0¢ 0.1C
50C 0.1¢ 0.4z 0.14 0.0¢ 0.17
100( 0.1z 0.37 0.1€ 0.1f 0.1¢
Avg 0.1¢ 0.3¢ 0.1t 0.11 0.1t
Stc 0.0 0.0 0.01 0.04 0.0t

Table 1. Weighted coverage of air mass type for particular sectors.

CONCLUSIONS

PaCE 2012 campaign is summarized in figures 2.and 3. Figure 2 shows total CN and CCN concentrations
together with andGF values obtained with CCNc and HTDMA, respectively. Lower part of Fig. 2

covers the aerosol chemical compaosition divided according to sectors of air mass origin (at 500 m a.g.l.).
Meteorology, cloud droplet concentrations and derived parameters like MVD, ED and LWC are shown in
Fig 2.
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Figure 2. Total CN and CCN concentrations at five supersaturation levels 0.1, 0.2, 0.3 0.6 and 1.0 (upper
panel) together with andGF values obtained with CCNc and HTDMA. Grey areas represent cloud
events determined from visibility measurements. Aerosol chemistry according to air mass sectors of

origin, (lower panel): ACSM and MARGA, lower panel black carbon (BC) concentration measured by
Aethalometer, MAAP and SP2 (absorbing and mixed particles separately).
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