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THE INSTITUTE

THE INTERNATIONAL METEOROLOGICAL INSTITUTE IN STOCK HOLM

The International Meteorological Institute in Stbhokm (IMI) was created in 1955 by a decision of the
Swedish Parliament with the objective "to condwdearch in meteorology and associated fields and to
promote international scientific co-operation witlmeteorology”. This decision was a result of atities
taken by Professor Carl-Gustaf Rossby, stronglypsttpd by the former Minister for Foreign Affair§ o
Sweden, Richard Sandler.

The most important function of the institute ispivide opportunities for foreign scientists to wan
Sweden for varying periods of time in close coliation with their Swedish colleagues. The institute
also publishes the scientific journal Tellus.

The institute was an independent institute finarined direct contribution from the Swedish Governtne
until the end of 2009. Since 1 January 2010, IMAnsidependent institute at the Department of Meteo
ology, of which it is an integral part, funded bp&holm University through the Faculty of Science.

GOVERNING BOARD

Prior to 2010-01-01
Lars-Erik Liljelund, Director General, Swedish Eronmental Protection Agency, Chairman, Appointed
by the Swedish Government.

Joakim Langner, Research Director at the Swedisteddelogical and Hydrological Institute. Appointed
by the Swedish Government.

Per Holmlund, Professor of Glaciology, Stockholmugnsity. Appointed by Stockholm University.

Ann-Sofi Smedman, Professor of Meteorology, Uppkalaversity. Appointed by the Royal Swedish
Academy of Sciences.

Erland Kallén, Professor of Dynamic Meteorologyycholm University. Appointed by the Board.
Henning Rodhe, Director of the Institute. Ex Offidélember.

Secretary of the Board: Albert de Haan, Economist.

After 2010-01-01
Anders Kkarlgvist, Professor of System Analysis, éipped by Stockholm University.

Joakim Langner, Research Director at the Swedisteddelogical and Hydrological Institute. Appointed
by SMHI.

Per Holmlund, Professor of Glaciology, Stockholmwgnsity. Appointed by Stockholm University.
Erland Kallén, Professor of Dynamic Meteorologyycholm University. Appointed by the Board.
Caroline Leck, professor in Chemical Meteorologyppointed by the Board.

Anna Rutgersson, Docent in Meterology. Appointgdhe Royal Swedish Academy of Sciences.
Michael Tjernstrom, Director of the Institute. EXfidio Member.

Jonas Nycander, Director of the Institute. Ex Qdfielember.

Secretary of the Board: Albert de Haan, Economist.
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DIRECTOR

Prior to 2010-01-01
Henning Rodhe, Professor of Chemical Meteorology.

After 2010-01-01
Michael Tjernstrom, Professor of Boundary-Layer &teblogy.

Deputy Director: Jonas Nycander, Professor of Ggsiphal Fluid Dynamics.

THE DEPARTMENT OF METEOROLOGY AT STOCKHOLM UNIVERSI TY

The Department of Meteorology at Stockholm UnivgréMISU) was established in 1947 when Carl-
Gustaf Rossby assumed the duties of the chair whéshcreated for him by Stockholm’s Hogskola (later
Stockholm University). Among many other things, Stos spearheaded the development of numerical
weather forecasting while at MISU. At Rossby'’s tieiat 1957 Bert Bolin took over the leadership @ th
department, a role that he maintained for almosgtidecades.

The Department of Meteorology is organizationalgdtto the Physics and Mathematics Section of the
Faculty of Science at Stockholm University. Theeinational Meteorological Institute is an integpalt

of the department, but with a separate economy.shhal research group that Rossby created soon de-
veloped into a successful department now consistingore than 60 people, including some 20 graduate
students. The research emphasis at MISU today ealivimled into the four main specialties: Dynamical
Meteorology, Chemical Meteorology, Atmospheric Rbysnd Physical Oceanography.

Since 2006 the department is also part of an iatedrcentre for climate research, in collaboratidth
three other departments at the university througio aalled “Linnaeus Grant”, funding the Bert Bolin
Centre for Climate Research. The centre promotediest of climate, climate change and variability as
well as processes of importance for the climateiandlves scientists at the departments of Metegyl
(MISU), Physical Geography and Quaternary GeoldiK), Geological Sciences (IGV) and Applied
Environmental Sciences (ITM); a Climate Researcho8tis also attached to the research centre. The
centre cuts across several disciplines on climegearch and has transformed how this type of relsésr
conducted at Stockholm University. Since 2010 tb&rBCentre is augmented by a special strategic gov
ernment grant for climate modelling, and partlydese of this MISU is in now a very expansive phase.

HEAD OF THE DEPARTMENT

Peter Lundberg, Professor of Physical Oceanography.
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INTRODUCTION

INTRODUCTION

The extensive international network in the field of atmospheric science and oceanography established at
the institute has provided an excellent platform for cooperative research. This cooperation is directed to
fundamental research as well as to providing important scientific knowledge in the development of soci-
ety on national and international levels. The specific scientific research projects are dealt with in some
detail in the following chapters. This introduction outlines a few ongoing major international collaborative
activities.

A broad spectrum of international activities haand the GEWEX Atmospheric Boundary Layer
characterized the work at the institute during th8tudy (GABLS) at improving boundary-layer de-
past two years, including participation in the Vdorl scriptions in general. In these projects, theranis
Climate Research Programme (WCRP), the Inteactive collaboration with several research grouaps i
national Geosphere-Biosphere Programme (IGBEurope and USA. Moreover, there is a long-
and several international research projects fundsthnding collaboration with the Naval Research
through the European Union Framework Prd-aboratory on the COAMPS™ atmospheric model
gramme (e.g. DAMOCLES and EUCLIPSE), andnd collaborations with the National Center for
by the European Commission and the Europe@imospheric Research (NCAR), USA, on evaluat-
Space Agency (ESA). ing and developing the Community Earth System
Model.
Some large projects are of common interest for
dynamic meteorology, physical oceanography andISU’s physical oceanographers are actively en-
chemical meteorology. One is the active participagaged in international collaboration in the Baltic
tion in the development and use of a new glob&Vay programme, aimed at improving the physical
climate model, EC-Earth. This work is conductednd ecological state of this inland sea. All nation
in a European consortium with leadership dtordering the Baltic Sea are represented in the
KNMI, also including the European Centre fomprogramme by their marine agencies and
Medium Range Weather Forecasts (ECMWF) amaceanographically orientated university depart-
the Rossby Centre at Swedish Meteorological amdents. The Esonet programme represents a con-
Hydrological Institute (SMHI). EC-Earth aims atcerted European effort to establish permanent sea-
developing a new Earth System model based twed observatories in the Atlantic proper as well as
the ECMWF seasonal forecast system. In addition marginal seas for long-term monitoring pur-
to the development of the atmospheric componemoses. Additionally, numerous ongoing collabora-
this includes coupling to the NEMO ocean moddions on an individual basis with scientists abroad
and components for interactive atmospheric cherserve to rejuvenate MISU’s research in physical
istry, aerosols and aerosol/cloud interactions. Amceanography.
other international interdisciplinary project coti
across dynamical meteorology, chemical meteofhe chemical meteorology group has continued its
ology and physical oceanography is the Arctimvolvement in the international Atmospheric
Summer Cloud-Ocean Study (ASCOS), lead frofBrown Cloud (ABC) project with focus on meas-
MISU since several years. ASCOS aims at undewrements in The Maldives and in Nepal. The main
standing the formation and lifetime of ArcticMISU/IMI contribution to ABC is to seek a better
summer low clouds and started with a researehnderstanding of the atmospheric life cycle of soot
expedition to the central Arctic Ocean summeFhe group is also actively involved in examining
2008 as a part of the International Polar Year.  and developing model tools for understanding
aerosol-cloud interaction on a global scale (ini-add
International cooperation in the area of dynamition to collaboration within EC-Earth community,
meteorology takes place both within several intealso with UiO/MetNo using the Oslo-CAM
national programs and with individual universitiesnodel), and on a regional scale over the Arctic
or laboratories. Several collaboration projects bédGRACE project), Amazon (AVIAC project) and
sides the EC-Earth program mentioned above coBurope (MACCII project).
cern model development. The Arctic Model Inter-
comparison Project (ARCMIP) aims at improvingThe Atmospheric Physics group is involved in a
modelling of Arctic processes in climate modelnumber of international satellite, rocket and
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ground-based projects as well as modelling studiktichael Tjernstrém is a member of the Science
concerning the middle atmosphere. Members @éfdvisory Committee (SAC) of the ECMWF, a
the group contribute to the mission preparation eiember of the WCRP Observation and Analysis
the ESA Earth Explorer Atmospheric Dynamic$anel (WOAP), vice Chair in the Atmospheric
Mission Aeolus, to provide global line-of-sightWorking Group (AWG) of the International Arctic
wind profiles using a Doppler-wind lidar. TheScience Committee (IASC) and member of the
launch is expected late 2013. The group has alboard for the Swedish Secretariat for Environ-
been deeply involved in collaboration with severahental Earth System Science (SSEESS). Michael
international partners concerning the Odin sagellifTjernstrom has also been the chair of the Science
mission; launched in 2001 Odin continues to prdteering Group of the International study of Arctic
vide a wealth of atmospheric data. Beyond Odit¢hange (ISAC) and a member of the Coastal Envi-
new middle atmosphere satellite collaborationsonment Committee for the American Meteoro-
concern ESA's plans for PREMIER, NASA's AlMIogical Society. Caroline Leck is a member of Sur-
satellite mission, the European ENVISAT commuface Ocean Lower Atmosphere Study (SOLAS)
nity, and the ACE mission on the Canadian SciSaimplementation committee and is the Chair of the

Swedish National Committee on Geophysics
The Atmospheric Physics group has also continuglUGG and SCOR). Gunilla Svensson is the co-
to collaborate in international rocket programmeshair of the GEWEX Atmospheric Boundary Layer
with instruments deployed in rocket launches Ie(IGABLS) Science Panel, Heiner Kornich is mem-
by several collaborators. The group also particber of the Mission Advisory Group of the ESA
pated in two rocket projects within the extende&arth Explorer Atmospheric Dynamics Mission
ALOMAR Research Initiative (eARI), an opportu-Aeolus and Annica Ekman is a member of the
nity funded by the European Commission, and noWternational Commission on Clouds and Precipita-
lead the preparations for the comprehensive intaien (ICCP). Henning Rodhe has been the vice
national rocket project PHOCUS from Esrangeshair of the Atmospheric Brown Cloud (ABC)
Sweden, in summer 2011. Science Team.

Michael Tjernstrém, Director

BIENNIAL REPORT 2009 - 2010 13
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RESEARCH ACTIVITIES

The different research activities in this section have been divided as follows:
. DYNAMIC METEOROLOGY
. PHYSICAL OCEANOGRAPHY
¢ CHEMICAL METEOROLOGY
¢ ATMOSPHERIC PHYSICS

» ARCTIC STUDIES

DYNAMIC METEOROLOGY

LARGE SCALE DYNAMICS

In the area of large scale dynamics research mainly concern the general circulation of today, the past
and the future. Tools used in this research are numerical weather prediction models and climate models
on both regional and global scales together with observational products. Within the area of numerical
weather prediction the predictability problem is studied by investigating new techniques for ensemble
prediction. Effects of subgrid-scale organization on the larger scale is studied in a simplified framework
and new techniques of estimating errors in trajectory analysis and analysing the general circulation are
investigated. Regional studies include projects of the monsoon circulation and of cold climates in the
European history. Other paleo-climate studies concern the climate during the Holocene.

Estimating trajectory uncertainties due to flow dep endent errors in the atmospheric analysis
Anders Engstrom, Linus Magnusson (ECMWF, UK)

Trajectory calculation is a widely used method ttsing the Ensemble Transform method (originally
determine the origin or fate of air parcels in thadapted for ensemble forecasting) we sample the
atmosphere. For example, the use of back trajecmalysis uncertainty in order to create an ensemble
ries is common in atmospheric chemistry to deteof analyses where a trajectory is started from each
mine source regions of sampled air at a particulperturbed analysis. This method, called the En-
site. The uncertainty of a calculated trajectory isemble analysis method (EA), is compared to the
dependent on the uncertainty in the atmospheriiicitial spread method (IS), where the trajectory
analysis. The errors in meteorological analyses ameceptor point is perturbed in the horizontal and
partly due to observation errors and the fact thaertical direction to create a set of trajectoussd
observations can include local phenomena that are estimate the trajectory uncertainty. The devia-
not representative for an entire grid box. In ofder tion growth is examined for one summer and one
produce a best estimate of the atmospheric statanter month and for 15 different geographical
numerical weather prediction centers use advanckxtations. We find up to a 40% increase in trajec-
data assimilation systems. In data assimilatioa, tiory deviation in the mid-latitudes using the EA
information from observations combined with anethod. A simple model for trajectory deviation
background (usually a short forecast valid at thgrowth speed is set up and validated. It is shown
time of the analysis) is used to obtain an analysithat the EA method result in a faster error growth
However, both of these components contain uncarempared to the IS method. In addition, we exam-
tainties. Thus the resulting analysis will not perine case studies to qualitatively illustrate how th
fectly match the current atmosphere and will therdlow dependent analysis uncertainty can impact the
fore impact on the calculated trajectory path. trajectory calculations. We find a more irregular
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behavior for the EA trajectories compared to the [gblications

trajectories and a significantly increased unceEﬂgstrétT, A. afr;d Mdagnusg‘on L. (2009),hEstin$Emorly uncer-
H H H i H tainties due to flow dependent errors in the at IC analysis,

talnty !n _the tra_jectory OI_’IgII’]. By pert_urbmg tlf“__:‘Atmospheric Chemistry and Physics, 9, 8857-8867920

analysis in consistency with the analysis uncertain

ties the error in backward trajectory calculations

can be more consistently estimated.

Flow-dependent versus flow-independent initial pert urbations for ensemble prediction
Anders Engstrom, Linus Magnusson (ECMWF, UK)

An essential problem in ensemble prediction i8ons are in this case based on the difference be-
how to construct the initial perturbations that detween two randomly chosen previous atmospheric
fine the different ensemble members. Two populatates (i.e. analyses), which yields perturbatians
methods that are used in operational forecastiagproximate flow balance. The skill scores indicate
are singular vectors and the ensemble transfomn statistically significant advantage for the RF
method. Both these initialisation methods are flonmethod for the first 2—-3 days for the most of the
dependent, the aim being to concentrate the initiavaluated parameters. For the medium range (3-8
perturbations to features that are particularly- crulays), the differences are very small.
cial for the future evolution.

Publications
In this project, these methods are compared toMagnusson L., J. Nycander and E. Kallén, 2009: Fipendent
much S|rr_1pler flow—lnd_ependent _m_e_thod, calle glsuuss‘ 2c1>vAv,—|1n9dﬁr2Jggfient initial perturbations foisemble prediction,
random field perturbations. The initial perturba-

Large-scale dynamical response to sub-grid scale or ganization using a cellular automaton
Lisa Bengtsson-Sedlar Heiner Kérnich, Gunilla Seemsand Erland Kallén (ECMWF, Reading)

Due to the limited resolution of numerical weatpez- wave propagation on convective organization. Employ
diction (NWP) models, sub-grid scale physical procing the CA-scheme allows to reproduce the observed
esses are parameterized, and represented by grid-b@haviour of slowing down equatorial Kelvin modas i
means. However, some physical processes are bettenvectively active regions, while random stocluasti
represented by a mean and its variance, a typxeahe perturbations fail to feed back on the large-sdhe.

ple being deep convection, with scales varying frorithe analysis of kinetic energy spectra demonstithtes
individual updraughts to organized meso-scale gsyste the CA sub-grid scheme introduces energy backescatt
In this study, we investigate, in an idealized isgft from the smallest model scales to medium scales-Ho
whether a cellular automaton (CA) can be used deor ever, the amount of energy back-scattered depelnds a
to enhance sub-grid scale organization by forming-c most solely on the memory time scale introducethé&
ters representative of the convective scales, @&ld @ sub-grid scheme, whereas any variation in spatiks
stochastic representation of sub-grid scale vditpbi generated does not influence the energy spectra- mark
We study the transfer of energy from the convective edly.

the larger atmospheric scales through wave interact

This is done using a shallow water (SW) model ahiti Publications

ized with equatorial wave modes. By letting a CA@T  Bengtsson-Sedlar, L., H. Kérnich, E. Kallén, andS@ensson, 2011

a finer resolution than that of the SW model, it t@n Large-scale dynamical response to sub-grid scagmnization using
expected to mimic the effect of, for instance, gsav a cellular automaton. Submitted to J. Atmos. Sci.

Moist Effects on Orographically Forced Stationary W aves

Marcus Lofverstrom, Heiner Kornich and Johan Nilsso

The present study examines orographically forcedodel simulations were carried out with the Planet
stationary waves in a moist atmosphere. The wavBsnulator, an Earth System Model of Intermediate
induce zonal asymmetries in the diabatic he&omplexity including a slab-ocean with prescribed
fields that interact with the orographically forcecheat-flux and a simple radiative scheme. The
stationary waves and altering their amplitudenodel code allows external control over the eddy
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components of the diabatic terms. In the differerthat the far field response in the fully coupledeca
experiments, stationary waves were forced eithbas a higher amplitude than in the purely oro-
solely by an idealized orography or by the orogragraphic case. A plausible explanation is that
phy in combination with different diabatic termsnorthward advection of warm moist air enhances
Furthermore, a linear stationary wave model wdatent heat release and reduces outgoing longwave
used to analyse separate responses from the aradiation, which amplifies the stationary waves.
graphy and induced diabatic heating terms, rdhe impact of different diabatic terms and trantsien
ceived in the non-linear model. The results shoeddies is also analyzed.

Radiative effects of atmospheric aerosols and their impact on large-scale circulation and precipitatio n pat-
terns

Anna Lewinschal, Annica Ekman, Heiner Kornich, @hi¢ang (MIT, Cambridge, USA), Dongchul Kim (MIT,
Cambridge, USA)

Aerosol particles with their large abundances idepth is calculated individually for each type of

industrialized areas have a considerable impact arrosol, and for hygroscopic aerosols the relative
the radiation balance in the atmosphere in that theumidity dependency on the optical depth is taken
can both scatter and absorb incoming radiatiomto account. By comparing simulations with mass
Due to the short residence time of aerosol pagticléelds representing pre-industrial and present day
in the atmosphere, the radiative forcing pattern onditions the possible changes in the stationary
largely dependent on the local emissions of aerarave pattern caused by anthropogenic aerosol
sols. This also means that a change in aerosshissions can be determined. In addition to EC-
emissions leads to a relatively quick response Harth a linearised model is used to investigate if
the radiative forcing both in terms of magnitudéinear theory of thermally forced planetary waves

and spatial distribution. applies to aerosol radiative forcing. If so, theveva

The response in the planetary stationary wave pgle_sponse to changes in the aerosol forcing fiefd ca
easily be assessed.

tern induced by aerosol radiative forcing is cur-
rently investigated by using EC-Earth, a couplegyications
cimate model based on ECMWF operat|or!a|_forq<-im’ D., Wang, C., Ekman, A. M. L., Barth, M. Cd&esch, P. J.,
cast model. To do this, the aerosol description Hdos. Distribution and Direct Radiative Forcing Ahthropogenic
the model has been modified to allow differenterosols in an Interactive Size-Resolving Aerodsh&te Model. J.
aerosol distributions, and now consists of climazcoPys: Res. 113, D16309, doi:10.1029/2007ID0D975
tologi-cal monthly mean mass fields of sulphate/Yang. C., Kim, D., Ekman, A. M. L., Barth, M. Gaséh, P. J., 2009.
black b . b It dd tModellng the impact of absorbing aerosols on Indsammer mon-
aC_ carbon, organic car OI’],_ sea salt an us s%§n. Geophysical Research Letters, 36, L21704,
provided for the CMIP5 experiments. The aerosoh®i:10.1029/2009GL040114.

are treated as external mixtures, where the optical

Intraseasonal and interannual variability of the So  uth-Asian monsoon

Faisal S. Syed, Heiner Kornich, Jin Ho Yoo (APE@n@te Center, Busan,Korea), Fred Kucharski (ICTRedte,
Italy)

Intraseasonal and interannual variability of théas some resemblance with large scale south Asian
South-Asian monsoon (SAM) are examined. Fanonsoon onset, whereas conventional south Asian
intraseasonal SAM variability, it was investigateanonsoon intraseasonal oscillations do not show
how active phases for the western edge of SAklear relationship with active phases at the waster
are developing based on daily reanalysis and obdge of SAM.

servational data. These active phases seem to have

significant contribution in the mean seasonal rairf=or the interannual variability, the focus liestbe

fall in the region. The proposed mechansism reliedfects of extratropical dynamics on the interainua
on an upper level warm anomaly over the northnonsoon variations. Using a conditional maximum
Hindu Kush-Himalaya region which is reinforcedcovariance analysis on NCEP/NCAR reanalysis
by surface heating. The low-level anticycloneind CRU precipitation data, it is found that two
causes the moisture convergence at the westenedes provide a strong connection between the
edge of the SAM region. The proposed mechanisupper-level circulation in the Atlantic/European
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region and SAM rainfall: the Circumglobal Tele-sponding SAM rainfall distributions. These find-
connection (CGT) and the Summer North Atlantilmgs are confirmed with the relatively high-
Oscillation (SNAO). Both modes display a distincresolution coupled climate model EC-Earth.

tive influence on the SAM rainfall. The physical

mechanisms for the influence of CGT and SNA@Plications

on SAM are related to the upper-level geopotentiéyedl, F.S., J.H. _Yofol,IH. Kornich, F. Kucharski,(lZOﬁlren;ntrasea-
anomaly which affects égi 2mp) ';tgdsemiﬂdd%%slg& g of the SoLth-Asian monsoon? Atmospheric RS, S4L.
ments of the centers of these responses and the @)e/d, F.S., J.H. Yoo, H. Kornich, F. Kucharski, 2@xtratropical
level cold advection from the north east of SA imfluences on the Inter-Annual Variability of Sodtsian Monsoon.
case of SNAO explain the differences in the corrégupmitted to Clim. Dyn.

Regional climate model paleo-simulations for cold ¢ limates in Europe

Erik Kjellstrom, Barbara Wohlfart (Stockholm Unisdly), Gustav Strandberg (SMHI), Jenny Brandef€Hj),
Ben Smith (Lund University, Sweden) Jens-Ove NdgBKB, Sweden)

The Rossby Centre regional climate model (RCA!
has been used in simulations of past cold climate
One period during Marine Isotope Stage 3 (at 4 20
ka BP) and one during LGM (at 21 ka BP) ha
been simulated. Documentation of these can |
found in Kjellstrom et al. (2010) and Strandberg ¢ ot
al. (2011). 50-year long periods from multi-
centennial simulations with a global climate mode
have been downscaled to 50km horizontal resol  _2p
tion over Europe. A dynamic vegetation model he
been used to produce vegetation consistent wi
the simulated climate. Results from the global ar .4
regional climate models have been compared wi
proxy data for temperature and precipitation i
Europe and sea-surface data for the global ocea

Implications for permafrost growth and |ce—sheest | ovile of | Swed
; easonal cycle of temperature as an areal averager Gweden
extent are discussed. according to CRU observations (green) and to RC&®efd with
reanalysis data for 1961-1990. In black are cormsging tempera-
tures from RCAS forced by a global climate modekfoold period in
MIS3 (44 ka BP). Shaded areas indicate the #1 siashdleviation
range of individual monthly averages in each dah s

30—
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-10
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Publications

Kjellstrom, E., Brandefelt, J., Naslund, J.-O., 8;B., Strandberg, Strandberg, G., Brandefelt, J., Kjellstrom E., $imi., 2011. High
G., Voelker, A. H. L. & Wohlfarth, B. 2010: Simeidtclimate condi-  resolution regional simulation of Last Glacial Mexim climate in
tions in Europe during the Marine Isotope Stagéz@lial. Boreas, Europe. Tellus, 63A(1), 107-125. DOI: 10.1111/j.060
436-456. 10.1111/.1502-3885.2010.00143.X. 1SSI0-G3B3. 0870.2010.00485.x

Northern high-Latitudes climate response to mid-Hol ocene insolation

Qiong Zhang, Heiner Kérnich, Johan Nilsson in cbbaation with Hanna Sundqvist, Anders Moberg, amadiiK
Holmgren (Department of Physical Geography and @urry Geology, Stockholm University)

The project aims to study the climate evolution anaks in the published proxy reconstructions. Here, an
variability within the last 6000 years over theobjective selection method is applied in the model-
northern high latitudes, through integrating proxgata comparison to evaluate the capability of the
data analysis and global climate modeling. Thelimate model to reproduce the spatial response
climate response over northern high latitudes ¢o tipattern seen in proxy data. The possible feedback
mid-Holocene orbital forcing has been investigateshechanisms behind the climate response have been
in three types of PMIP simulations with differentexplored based on the selected model simulations.
complexity of the modeled climate system as weModel-model comparisons indicate the importance
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of including the different physical feedbacks ie th ported by the nearby northern Eurasian continental
climate model. The comparisons between the rand Fennoscandia reconstructions. It indicates that
constructions and the best-fit selected simulatioms the Arctic region, the response of the ocean and
show that over the northern high latitudes, summéne sea ice to the enhanced summer insolation is
temperature change follows closely the insolatiomore important for the winter temperature than the
change and shows a common feature with strosgnchronous decrease of the insolation.

warming over land and relatively weak warming

over ocean at 6 ka compared to 0 ka. The sea-iggicatons

albedo positive feedback enhances this resporf@davist, H. S., Zhang, Q., Moberg, A., HolmgkenKémich, H.,
furthermore. The reconsiructions show a strong@s=or, ), snaratsiom 6, 2010 Cimte apabenyeer e
response in the annual mean temperature than Wiginperature and precipitation proxy data, Clim. B 591-608,

ter and summer temperature, which is verified ifpi:10.5194/cp-6-591-2010.

the model simulations and the reason is attributetang, Q., Sundqist, H. S., Moberg, A., Kornich Nilsson, J., and

to the larger contribution from autumn, Despite Hoorer K. 20,0 e enos beeet e o
smaller insolation during winter at 6 ka, a Procim. Past, 6, 609-626, doi:10.5194/cp-6-609-2010.

nounced warming centre is found over Barents Sea

in winter in the simulations, which is also sup-

CAM3 isotope modeling over northern high latitudes

Qiong Zhang, Christophe Sturm (Department of Gaokligsciences, Stockholm University) and David Noon
(University of Colorado, USA)

We applied NCAR Community Atmospherebetween the isotopic signal and climate, in order t
Model (CAM3.0) with embedded stable wateexploit most of the information enclosed in iso-
isotopes in paleoclimate cases. The impact of repic climate archives. A particular advantage
diation forcing on the simulated isotopic composieompared to conventional paleoclimatic methods is
tion of precipitation is illustrated in the isotopethe ability to make a spatial synthesis of multiple
modeling review paper. Our three time-slice sensproxies, leading to the assimilation of multiple
tivity experiments (present day, pre-industrial antbotopic proxy data.

mid-Holocene) highlight the risks of using local

O18-temperature calibration for climate recon?ublicatons

structions and enable the quantification of the bturm, C., Zhang, Q., and Noone, D., 2010: An hiation to stable
ases. Beyond their role as a virtual laboratory is "2, Cioves i dimate modes benefs of oy madeling
tope-enabled climate models can shed new light byio, 2010.

providing physically based “transfer functions”

Holocene climate variability over Southern Africa

Qiong Zhang, Heiner Kornich in collaboration wittakn Holmgren and Hanna Sundgvist (Department ofdital
Geography and Quaternary Geology, Stockholm Uniggrs

This project aims to improve the knowledge ofound from the independent proxy records during
patterns and drivers behind climate variability ithe last millennium. In order to understand and
southern Africa through increasing the accuradnterpret the above two hypotheses suggested from
and precision in the interpretation of regionat clithe proxy records, we here use the station-based
mate proxy signals and through confronting theneteorological observation data to investigate (1)
climate proxy observations with climate models. Ithe association between wet/dry conditions and
a first step we examined the climate variabilityvarm/cool states and (2) the ‘see-saw’ phenome-
over southern Africa during the recent 100 yearson between southern and eastern Africa.

A stalagmite record from cold-air cave at Maka-

pansgat, South Africa suggests that at the millefihe examination from Global Network of Isotopes
nium time scale, the wet conditions are corrégn Precipitation (GNIP) from 1958-2001 shows
sponding to warm states and dry conditions are that at interannual time scale, over the southern
cool states over the region. An inverse correlatioffrica, the oxygen isotope in precipitation is
between southern Africa and eastern Africa igostly related to the amount of precipitation and
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the water vapour in atmosphere, but no correlatigrattern between the southern and eastern Africa,
with the temperature. Climate Research Uniwvhich indicating that the proxy data can well rep-
(CRU) data from 1901-2006 shows that at decadadsent the variability over the southern Africa.
time scale, there is no straightforward correspotdowever, the inverse correlation between the two
dence between wet/dry conditions and warm/cookgions did not persistent during the whole century
states, all combinations are possible. The wet/dparticularly after 1980, the precipitation over
conditions are mainly determined by the moistursouthern Africa and eastern Africa shows in-phase
transfer, which is related to the atmospheric eircibehaviour. This change might be related to the
lation and the ocean condition. One-point correlaapid warming over the region since 1980 and
tion between the stalagmite location and the entireeeds further dynamical explanation by stable wa-
southern Africa does show the inverse correlatider isotope modelling.

Arctic regional climate modeling of the AOE-2001 da ta

Michael Tjernstrom, Per Axelsson, Gunilla Svens&tefan Soderberg (WeatherTech, Sweden), Cathrgh Bi
(University of Leeds, UK), Sean Milton and Paul iEsgraw (UK MetOffice).

See Arctic Studies

Water-vapour feedback and Arctic amplification

Rune Grand Graversen, Peter Langen (Copenhagenrelsity, Denmark) and Thorsten Mauritsen (Max Planck
Institute, Germany)

See Arctic Studies

Recent Arctic sea-ice retreat

Rune Grand Graversen, Michael Tjernstrom, Thordfewiritsen (Max Planck Institute, Germany) and MaZiay-
muntowska (Nansen Center, Norway)

See Arctic Studies

The role of meridional energy transport for the 200 7 Arctic sea-ice retreat

Rune Graversen, Thorsten Mauritsen, Michael Tjedmst Sebastian Martensson , Sybren Drijfhout (KNKhie
Netherlands)

See Arctic Studies

Is recent Arctic summer sea-ice melt driven by warm ing from aloft?
Rune Grand Graversen and Thorsten Mauritsen (Max&k Institute, Germany)
See Arctic Studies

BOUNDARY LAYER AND MESOSCALE DYNAMICS

This field of research concerns small-scales atmospheric motions, typically not resolved in climate or
operational NWP models. The work at the institute revolves either around using and developing high-
resolution mesoscale models or organizing and participating in, as well as using data from field cam-
paigns. While mesoscale motions can be resolved in high-resolution models, boundary-layer turbulence
is not directly resolvable in models, nor is it deterministic in its details. The statistics of turbulent flows
is, however, to some degree deterministic. Much of the work in this field is directed at determining the
effects of turbulence on the mean flow, to improve larger-scale numerical models. Conversely, this
means that one must also understand the effect on the turbulence from the mean flow.
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The main mesoscale research modeling tools used at the institute are the COAMPS® atmospheric
model, developed by the US Navy, and the MIT Cloud Resolving Model (CRM). COAMPS® has been
applied mainly to Arctic meteorology for example within ARCMIP, an international project to compare
and develop Arctic climate models. Work on turbulence dynamics has been directed at three areas: the
Arctic boundary layer, interaction between turbulence and clouds and boundary layers in high static-
stability conditions. This work is carried out within programs such as GABLS and also involves field ex-
periments in the Arctic, for example SHEBA, AOE-2001 and ASCOS. Scientists at the institute leads
several of these efforts.

Comparing turbulence estimates from different near- surface measurements in the stable boundary layer

Michael Tjernstrom, Gunilla Svensson, Florence RBatcgand Ben Balsley (CIRES, University of Colordsiaul-
der, USA)

Estimates of the dissipation rate of turbulent kistrument. We also present a set of empirical equa-
netic energysd) from hot- and cold-wire turbulencetions that incorporates TLS measurements of gra-
probes on the Tethered Lifting System (TLS) ardients of temperature, horizontal wind speed gand
well correlated with concurrent measurements @l available from the TLS instruments to provide a
vertical velocity varianceof,,) obtained from sonic proxy measurement far’, at altitudes higher than
anemometers on a nearby 60-m tower during thewer heights but well within reach of the TLS.
CASES-99 field experiment. Additional results in

the first 100m of the nocturnal stable boundaryyPicatons

layer confirm our earlier claim that weak but perBocquet, F., B.B. Balsley, M. Tjernstrom, G. Svems2010: Near-
sistent background turbulence exists even durir} Jﬁgir;‘f;seﬂf";ﬁﬂfd‘;fr;‘f[t;‘;,fr”&eeggﬁ;g? 'l'g;t“;g"‘bl'aeo'

the most stable atmospheric conditions. We mea-1007/510546-010-9542-8.

ure values ot as low asl0’ m?s®, which is still

well above the measurement threshold of our in-

Regional climate simulations of deforestation in so uthern Sudan
Abubakr Babiker, Heiner Kérnich, Michael Tjernstrom

We examine the sensitivity of the Sudan climate teegetation changes affect precipitation and surface
the changes in vegetation cover and land use in tteenperature in both Southern Sudan, where the
southern part of the country. The focus lies on theegetation changes were implemented, but also in
effect of deforestation on the precipitation an€entral Sudan. The precipitation in the perturbed
surface temperature during the rainy season. Veegion was significantly reduced, by about 10-60
sion three of the Abdu Salam Center for Theorettnm/month in the desert scenario and by 10-30
cal Physics Regional Climate Model (RegCM3) isnm/month in grass scenario, during the rainy sea-
used for this study. As boundary conditions, thson June through September. Surface temperatures
ERA-interim reanalysis was applied, and théisplay an increase between 1°C and 2.4°C in de-
model experiments were conducted for Januasgert and in the grass scenario, respectively. The
1979 to August 2009, the last almost 20 years. study demonstrates significant dependency for
southern and central Sudan precipitation on the
Sensitivity experiments are performed where thiand use in southern Sudan. Such connection indi-
present forest vegetation cover in Sudan south oftes that the deforestation has both local and non
10°N is replaced by grass or, as an extreme cakal regional climatic effects.
by desert. The experiments demonstrate that the

Climatic consequences of water harvesting in southe rn Sudan

Abubakr Babiker, Heiner Kérnich, Michael Tjernstrom

Water harvest is often proposed as a solution fthe regional climatic feedback due to the changes
water shortages through increase of rivers amd surface conditions. This study examines these
tributary catchments without taking into account
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regional climatic consequences of the Jonglei Caesolution, we are utilizing a regional climate
nal proposed to be built in Southern Sudan. model with land surface component. We run the
model for two land surface scenarios, one with the
The project is designed to change the course of th@amp (control) and another scenario with change
White Nile in southern Sudan to avoid passingn land surface representing the canal conditions.
over a large area of swamps and marshland call¢¢t are investigating the changes in surface hy-
the Sudd. The Sudd is one of the largest wetlandgology, evaporation, soil moisture and precipita-
world-wide, covering an area of about 8000 kmflon as well the changes in surface energy balance.
with dense vegetation providing a high evapotrarihe most interesting result is that changes in hy-
spiration rate, estimated to be 4.7 billion cubidrology are spread to the surrounding regions
meters; the equivalent to half of the southwesterhich indicate non-local effects as well. With the
annual inflow. The Jonglei Canal is expected tadvantage of a high resolution model experiment
produce a similar amount of water per year, howabout 10 km) this study sheds light on the climati
ever, severely affecting the vegetation andonsequences expected to result from the excava-
evapotranspiration of the Sudd. In order to simuion of the Jonglei canal.
late the regional climate consequences in high

Regional climate model simulations of the water bud get in the Baltic Sea catchment

Erik Kjellstrom, Petter Lind (MISU and SMHI)

The water budget of the Baltic Sea catchment h&xgical cycle with more precipitation and evapora-
been investigated by the use of the Rossby Centien.

regional climate model (RCA3) forced by ERA40

reanalysis data. Evaluation of model performanc !

.. . . . ATMOSPHERE
for precipitation, evaporation and runoff in the '
recent past (1979-2002) climate has been done | MC ig 82% MC 179((18%)
Lind and Kjellstrom (2009). It is found that the 17 (15) 16 (15)
simulated water fluxes were broadly consister
with available observational and reanalysis dati 20 (18) 23 (23) 23(17) 39 (28)

sets. Statistically significant differences betwee 16 (12) 14 (16) E 20(12) 24 (23)
different observational data-sets and lack of higt 1817 27(19) . 22(18)  29(22)

resolution data for evaporation and runoff hampe l T
the possibility to draw any strong conclusions ref £ n V.

garding RCA3s ability to correctly simulate pre- ' Outflow
:Discharge 13 (10)

cipitation in the area. The study indicates a nee 1 88 1s (14)
for better observations of terms in the water btidg 19 (13) ! 17 (15)
in the area. Simulated future changes in the wat LAND AREAS ! BALTIC SEA

budget of the Baltic Sea catchment has been

1 A i lati %) ch: i | fl in th ter budget in the Baltic Si
documented by Kijellstrom and Lind (2009). The o o e o od 2071-2100 compared 10 196.-1960. Preciptaton
RCA3 model has been forced by three diﬁererga) and evaporation (E) are taken directly as model output. Moisture convergence

A A 3 C), discharge and outflow from the Baltic Sea are calculated as residuals. The

C||mate Change scenarios from gIObaI C||mate modumbers are from three different simulations with RCA3. Numbers in parenthesis are
. . from the corresponding global model. From Kjellstrom and Lind (2009).
els. It is shown that the simulated water budget In
the control period (1961-1990) have larger errotsuiications
than in the downscallng of ERA40. To a Iarge dq_'lnd, P. & Kjellstrdm, E. 2009: Water budget in tBaltic Sea drain-
gree this is a result of deficiencies in how thege basin: Evaluation of simulated fluxes in a oegil climate model.
global climate models represent the large-scaf@ed EnV: Res. 14: 56-67.
atmospheric circulation in the area. The cIimat@'el"S“ﬁmvdE- &LindbP- 2009;1 Changes in thle Wahﬂdgetlin tgeb
- Baltic Sea drainage basin in future warmer climasssimulated by

Change Slgnal fOI: Fhe ?_'bentury Sque.StS warmer,, regional climate model RCA3. Boreal Env. Rds114-124.
and wetter conditions in the area (Figure 1). In-
creased moisture transport into the area via the

atmosphere leads to an intensification of the hydro
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Evaluations of regional modelling of coastally trap ped low-level jets

Raza Rahnja, Michael Tjernstrom, Gunilla Svensgdvaro Smedo (Portugese Naval Academy), RicardoeTom
(Azores University, Portugal)

Coastally trapped low-level jets are climatologithis jet varies in time and interacts with pointgla
cally occurring phenomena along mountainousapes along the coast, expansion fans and hydrau-
coastlines where the prevailing large scale circuléic jumps appear that may be serious impediments
tion interacts with the shallow marine boundaryo marine and aviation activities. Using observa-
layer and the coastal mountains to form an essdiens taken during a Naval Postgraduate School
tially semi-geostrophic system where a high-windesearch cruise out of Monterey we evaluate two
jet is formed near the coast with a wind speecgional models, the Weather Research and Fore-
maximum lagging after the maximum inland heateast model (WRF) and the US Navy COAMPS
ing. A classical area for such jets during the mort models at several different resolutions.

ern hemisphere summer is the California coast. As

GABLS (GEWEX Atmospheric Boundary Layer Study)
Gunilla Svensson, Michael Tjernstrom, Bert Holts{g¢pgeningen University, The Netherlands) and nodhgrs

The GEWEX (Global Energy and Water Experivertical resolution, under predict the amplitude of
ment) Atmospheric Boundary Layer Study aims tthe diurnal variation in low-level wind speed.

Improve representation of boundary layer Pr%Crhe  third experiment is based on observational

;S§§§|;n§gn;§:etﬁrne% 'ﬁ&g'?ﬁ:eﬁ%aéhe;ﬂzgend'Scttltg_éta from Cabauw, the Netherlands and the focus
) ’ P on the nighttime boundary layer and modeling of

€s ha\_/e been pe_rformed where MISU has part'(ibe inertial oscillation that gives rise to a logul
pated in all. The first study concerned modeling oLy Preliminary results show that including dy-

oo ey et e opotvl oMl endencies ring the iraon s 2
enerate deeper goundar a errs) as a conseque r%e impact on the simulations. However, includ-
9 P yay UEHS® interaction between the atmosphere and the

of using bpgndary—lgyer SChe'.“e.S that enhan% derlying surface introduces a large variability i
turbulent mixing, while the majority of researchthe model response

models show close agreement with results fror
Large Eddy Simulations of the same case. Furth ;[ 4 rstorde rstarde
analysis reveals the importance of how the surfa z<5m 2>5m
boundary condition is formulated. Especially thi 2
ones for the components of the turbulent mome 1
tum stress are important for the surface angle, i.=~
the angle between the surface wind and the fr @
flow. This is in turn important for the integrated £
mass flux in a low-pressure system that determin
the lifetime of cyclones.

2

<.
g
g
D
The second experiment, chaired by MISU, focuse 3 2
on a diurnal cycle of a dry boundary layer, base y
on a few selected days during CASES-99, a fie
campaign that was held in Kansas, US in 199

The experiment is simplified by using prescriber -1
surface temperature and a constant backgrou -2
forcing. More than twenty r_nod_el groups V\_”t_h varl- - oooo 0800 1200 1800 0000 0600 1200 1800 0000
ous level of model sophistication are participating .

many numerical weather prediction centers as we Local time

as climate and research models. The main conchime series of observed and modeled wind speed deviation (m s-1) at 10 m a. g. I.

every model (different colors) the mean wind speed is subtracted. The models

. . Fo
sion IS that a” mOdelS, I’egardleSS Of ClOSuI"e aﬁéshownin different panels depending on their turbulence closure and height to first
vertical grid point. Light grey solid line is the selected experiment period, the light
grey dashed line shows the average over the entire month of the CASES-99 campa-

ign.

3
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Publications Cheng, L. Conangla, J. Cuxart, M. Ek, M. J. FalkFFreedman, H.
Kitagawa, V. E. Larson, A. Lock, J. Mailhot, V. Mas, S. Park, J.
Pleim, S. S6derberg, M. Zampieri and W. Weng, 28¢aluation of
the diurnal cycle in the atmospheric boundary lageer land as
represented by a variety of single column modéte-second GABLS
experiment. Submitted to Boundary-Layer Meteoralogy

Svensson, G. and A.A.M. Holtslag, 2009: Analysisadel results for
the turning of the wind and the related momentwxe# and depth of
the stable boundary layer. Boundary-Layer Meteayg|dl32, 261—
277. DOI 10.1007/s10546-009-9395-1

Svensson, G., A.A.M. Holtslag, V. Kumar, T. Maan{sG.J. Steene-
veld, W. M. Angevine, E. Bazile, A. Beljaars, E.tl& Bruijn, A.

The impact of resolution on the accurate modeling o f coastal climate

Raza Rahnja, Michael Tjernstrom, Gunilla Svensgdvaro Smedo (Portugese Naval Academy)

The coastal zone is probably the most abruptdeed increasing with increasing resolution, it is
change in surface conditions one can think of amifficult to show an objective improvement. Partly
the consequences are many different phenomethés is due to the fact that while the represeoiati
on the mesoscale. Most of these are not resolvedparticular features, such as low-level jets@a s
by current climate models and some may be impdoreezes are probably improved, they are also
tant for coupled systems, such as coastal upweathoved around in the model domain and the higher
ing. Using the regional mesoscale weather forecake resolution, the more difficult it gets to haae
model COAMPS developed by the Naval Resear@ccurate description of a localized phenomenon
Laboratory in Monterey, CA, we study the impacboth in time and space. At lower resolution, fea-
of different resolutions on model performance antlires become less distinct and therefore easier to
on the adequate description of important smadjet “about right”. We also find the 6 km resolution
scale phenomena. The model is run for a real casea descent compromise between detail in the
using ERA-interim at the lateral boundaries; alsmean flow and computational cost, but also that for
SST is taken from from the reanalysis. The modebme aspects, such as local forcing of the coastal
is nested in itself with increasing resolution auf ocean surface, the results in the model does not
domains, with 54, 18 6 and 2 km horizontal resoliconverge even at 2 km resolution.

tion. Although the subjectively judged realism is

Large-Eddy simulation of the diurnal cycle of the a  tmospheric boundary layer using boundary conditions
derived from CASES-99.

Vijayant Kumar (John Hopkins University, USA), GlanBvensson , Bert Holtslag (Wageningen Univerdibe
Netherlands), Marc Parlange (Ecole Polytechniquedtéale de Lausanne, Switzerland) and Charles Memeve
(John Hopkins University, USA)

The impact of surface flux boundary conditionsising time-varying geostrophic forcing show good

and geostrophic forcing on multi-day evolution ohgreement with the day-time soundings. However,
flow in the atmospheric boundary layer is in thiglespite the “realistic’ geostrophic forcing, the

study assessed using Large-Eddy Simulations. Theerall agreement with the soundings leaves much
investigations included several combinations db be desired.

gurface boundary conditions and geostroph|_c for he surface temperature boundary condition is
ing. The setup was based on characteristics

) X otter suited for simulations of temporally evotyin
served_durlng a SEIGCtEd. period of the CASES- oundary layer flow. While the cases with either
campaign, the same as in the GABLS second e

periment. ﬁ%ﬁposed surface.te_zmperatgre_ or impos_ed_ heat
fluxes produced similar gqualitative trends in time,

Among the various simulations, the ones driven iyne heat flux based cases show poor agreement

a constant geostrophic wind achieve the bewgith day-time and night-time fluxes, and day- and

agreement with the observations. However, thisight-time mean profiles.

resulted in significantly over-estimated night-time

fluxes. The cases with the surface temperaturgPicatons

boundary condition and driven by a “realistic’Kumar, V., G. Svensson, A.A.M. Holtslag, M. B. &gk, and C.

geostrophic forcing (with height and temporafisneveay, 2010 mpactof sutace fux formulatond geosropc

variability) show good agreement with the nighary layer flow. Journal of Applied Meteorology aGtimatology. 49,

time fluxes on the second simulated day. The ruA496-1516. DOI: 10.1175/2010JAMC2145.1
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Impact of flow dependent horizontal diffusion on re solved convection in AROME

Lisa Bengtsson-Sedlar, Sander Tijm (KNMI), FilipfdACHMI, Czech Republic and Gunilla Svensson

Horizontal diffusion in numerical weather predicrather than diffusing the already predicted falling
tion models is in general applied to reduce numettydrometeors.
gilep?:13?:(?:1\}25&2??“;?1itiitlznosrﬁgsglz Ssvai‘,lfﬁshoHrci)_Vyﬁ particular, we investigate the characteristts
; P 9 ’ . deep convection. Results indicate that for the same
zontal resolution on the order of 1-3 km, hor'det%lmount of diffusive damping, the maximum con-

?elﬁ;jgls%mt(;?igr?eoiogqer? g%gpe?s:éfsn tlct) ﬁ;gcggl ctive updrafts remain strong for both the current
P pny P : d proposed methods of horizontal diffusion.

shown in studies with the ConVeCt'on'perm'tt'ngbiffusing the falling hydrometeors is necessary in

Q,%%ela/;Rngg,:if,vd'gﬁzmgr;ﬂ“g? Ifggjdrotr‘cr)le;enorisr%_rder to see a reduction in rain intensity. Howgver
’ graup a more physically justified solution can be ob-

Ecr)?lvearpneonjnl?s.thaczr\:\?e(i/eelrforsi(i:ft;rr Ig:)grﬁig;ggf'tg ined by increasing_ the amount.of damping on the

horizontal diffusion Iacks’physical motivation. mallest atmosphgrlc §cales using the_non-llnear,
flow-dependent, diffusion scheme. Doing so, a

Within the current AROME, horizontal diffusion isreduction in vertical velocity was found, resulting

imposed using linear spectral horizontal diffusiom a reduction in maximum rain intensity.

on dynamical model fields. This spectral diffusion

is complimented by non-linear, flow dependent; blications

horizontal diffusion applied on turbulent kineticBengtsson-Sedlar, L., S. Tijm, F. Vanja and G. Ss@m 2011: Im-

energy, cloud water, cloud ice, rain, snow anffe,eiIo% Seberie e A o e oo

graupel. In this study, we apply non-linear flowogy.Mauritsen, T. and G. Svensson, 2007: Obsenstb stably

dependent diffusion on the dynamica| model fieldgratified shear-driven atmospheric turbulenceat land high
Richardson numbers. Journal of the Atmosphericrigeig, 64, 645—

655.
Representation of the diurnal cycle of near-surface parameters in the CESM1 and CCSM4

Jenny Lindvall, Gunilla Svensson, Cecile Hannay 8ndgsu Park (NCAR, Boulder, CO, USA)

As climate models are developing and becomingased boundary layer scheme is introduced. The
more complex, there is an increased need fperformance of these two schemes are examined
evaluation of their performance in more detail. Imnd compared with surface based observations of
this project, we are studying the general behavionean and turbulence parameters at about twenty
of the near-surface variables and the boundarand based locations all over the world. The com-

layer evolution in the present and new version gfarison covers different types of land use and cli-

the National Center for Atmospheric Researchate zones. The overall performance, sensitivity to
(NCAR) Community Atmospheric Model. Theparameter choice and differences between the
current scheme is of first order and with a changaodel versions, are also studied.

to a new shallow-cumulus parameterization a tke-

Residual layer turbulence and gravity wave breaking

Michael Tjernstrom, Gunilla Svensson, and Ben Bglsind Florence Bocquet (University of Colorado)

The residual layer (RL) forms on top of the stablyhe free troposphere. In addition to detailed mean
stratified boundary layer during the night as thprofiles of temperature, wind and humidity, turbu-
remnants of the previous day’s deeper well-mixel@nce is analyzed at high temporal and spatialreso
convective boundary layer is under-cut by the stéution using power spectra of very high-frequency
ble nocturnal boundary layer. We have used infowind observations from hot- and cold-wire systems
mation from the CIRES Tethered Lifting Systemare used to estimate the dissipation rate of turbu-
(TLS) to analyze RL turbulence using data fronkence,g, from the inertial sub-range spectra.

the CASES-99 experiment. The TLS is a tethere.ﬁ1

e . . e RL is often considered as a quiescent mostly
liting platform that enables detailed observatiog, - layer developing only by larger-scale dy-

through the entire nocturnal boundary laye : : , :
through the stable boundary layer and the RL in 0amlcs until next day’s convective boundary layer

BIENNIAL REPORT 2009 - 2010 27



RESEARCH ACTIVITIES

is established again. We find this conventional pigravity waves generated by air flow over even
ture of the RL false. The structure of the RL iguite modest terrain relief; this occurs as the up-
often highly variable, with values afvarying or- ward propagating wave encounters a critical layer.
ders of magnitude in unexpectedly coherent orgasications

nized strucf[ures. The only _Ioglcal_ e_xplanatlon fo‘Fjernstrﬁm, M., B.B. Balsley, G. Svensson andNajpo, 2009:: The
such organized turbulence is that it is generayed Bftects of critical layers on residual layer turbate. Journal of
persistent local instabilities. We illustrate a im@c Atmospheric Sciences, 66, 468-480.

nism whereby momentum deposition from weak

A parameterization with wave saturation adjustment of subgrid-scale average wave stress over three-
dimensional topography

Carmen Nappo (CIN Research Meteorology, Knoxvikgnessee, USA) och Gunilla Svensson

In this study, a parameterization of subgrid-scakever the background wind direction changes with
wave stress over three-dimensional topography lieight thus giving vertical divergence in the stres

described and applied to regions of low, moderatprofiles. The method is tested on observed profiles
and high-relief terrain is developed. The paramé areas with low-relief and moderate terrain with

terization explicitly calculates the wave stress usnteresting results.

ing linear theory and the two-dimensional Fouriei.

transform of the subgrid-scale topography. Thghe sub-grid scale wave stress parameterization is

resently included in a one-dimensional version of
mesoscale model, the MIUU model. The wave
gtress divergence is allowed to affect the mean
wind which in turn has an impact on the boundary-
ayer turbulence and surface stress. This in turn

spatially organized such that the magnitude of tr}ﬁ ect the wind turning that then may change the

wave stress is strongly dependent on the directi?’gagnosed wind stress. Evaluation of the effect for
of the surface wind. Critical levels will exist wie rious sub-grid scale topography and boundary

layer structures are on-going.

wave field is maintained convectively stable usin
the so-called terrain-height adjustment. Th
method is tested for flows over idealized two- an
three-dimensional obstacles. It is shown that & t
case of general topography terrain features can

Analyses of turbulence data for stably stratified ¢ onditions

Gunilla Svensson, Larry Mahrt (Oregon State UniitgrCorvallis, OR) and Michael Tjernstrom

In this project, we focus on analyzing turbulencécal mixing occurs; that is, of thickness compara-
data for stably stratified conditions with the speble to the eddy size. Preliminary analysis of salver
cific aim to improve parameterizations used ifocations indicate a systematic difference between
numerical weather prediction models and climatie surface stress and surface wind directions that
models. We target two specific problems: the turnncrease as the mean wind decrease. For very sta-
ing of the wind in the boundary layer and the varble conditions, the drag coefficient can assume a
ability of the surface drag. wide distribution of values depending on the cap-

Differences between the surface stress and surfe'{ﬁée Vc\)/{nrg(';\(,'vng_rivee%si dmth(;? ?r?elngzlﬁgﬂi:lr\]/e;%_
wind direction can be caused by differences p&d '

tween the wind and vertical shear directions. Est?_ccurrence of outliers decreases with increasing

mation of the shear direction can be sensitive - 2919 width. Attempting to estimate the distri-

choice of levels and the method of fitting of pro- ution of the drag coefficient for different intais

files, especially for weak wind conditions. TheOf the Richardson number requires a large amount

relevant shear corresponds to the layer over Whiati data and this is pursued in this project.

Subtropical cloud regime transitions: boundary laye r depth and cloud-top height evolution in observati ons
and models

Johannes Karlsson, Gunilla Svensson, Sambingo Gar{ldniversity of Lisbon, Lisbon, Portugal and NCAFSA)
and Joao Teixiera (JPL,Caltech, USA)

The mean and variability of boundary layer heighPacific Ocean for the summer of 2003. BLH esti-
(BLH) are analyzed along a transect in the eastenmates based on the height of the main relative hu-
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midity (RH) inversion and the height of low cloudof insufficient vertical resolution of the gridded
tops (CTH) are used. The observations and tliataset, the AIRS data only manage to reproduce
regional and global model data have been preparée initial growth of the BLH. The median-model
in the context of the Global Energy and Wate€TH increases from the stratocumulus-topped
Cycle Experiment (GEWEX) Cloud System StudyMBL to the ITCZ. In contrast, the observed MISR
(GCSS) Pacific Cross-Section Intercompariso@THs decrease southward from 208N to the ITCZ,
(GPCI). The GPCI transect covers the transitiopossibly indicative of the fact that in these regio
from a stratocumulus-topped marine boundaylISR manages to capture a variety of cloud tops
layer (MBL) off the coast of California to a tradewith a mean that is below the subsidence inversion
cumulus—topped, less-well-defined, MBL, andvhile the models and the ECMWEF analysis mainly
finally to the deep-convection regions in the intersimulate CTHs corresponding to the height of the
tropical convergence zone (ITCZ). The Atmossubsidence inversion. In most models and in the
pheric Infrared Sounder (AIRS) and the Multiangl&ECMWF analysis, the height of the main RH in-
Imaging Spectroradiometer (MISR) have beewersion and the CTH tend to coincide in the north-
used to derive observational records of the twern part of the GPCI transect. In the regions asso-
BLH estimates. Analyses from the ECMWF areiated with trade cumuli and deep convection there
also used in the study. Both BLH estimates in thie a more ambiguous relation between the two
models, the ECMWF analysis, and the observ®LH estimates. In this region, most of the models
tions agree on a southward vertical growth of thglace the CTH above the main RH inversion. The
MBL along the GPCI transect in the stratocumuluECMWF analysis shows a good agreement be-
region. Away from the region typically associatedween the BLH estimates throughout the transect.
with extensive cloud cover, the two BLH estimates

depict different evolutions of the MBL. Publications

. . . Karlsson, J., G. Svensson, S. Cardoso, and J. if&ai29810: Sub-
In most models, the height of the main RH inVefiropical cloud regime transitions: boundary layespth and cloud-top

sion decreases southward and reach a minimumbhgight evolution in observations and models. JoLof@pplied
the ITCZ, whereas the height of the RH inversiolf¢t¢°rology and Climatology , 49, 1845-1858.

in the ECMWF analysis and a few of the models is

fairly constant all the way to the ITCZ. As a résul

Snow melt and freeze up in the pan-arctic region an  alyzed from satellite observations

Jonas Mortin, Gunilla Svensson, Rune Grand Graverséomas Schroder and Aksel Wallge-Hansen (Cogemha
University, Denmark

See Arctic Studies

Simulations of Arctic clouds and their influence on the winter present-day climate in the CMIP3 multi-  model
dataset

Johannes Karlsson and Gunilla Svensson
See Arctic Studies

ASCOS (The Artic Summer Cloud Ocean Study)

Caroline Leck and Michael Tjernstrom

See Arctic Studies

Mesoscale variability in the summer Arctic boundary -layer
Michael Tjernstrom and Thorsten Mauritsen

See Arctic Studies
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Arctic clouds and the boundary-layer inversion

Joseph Sedlar and Michael Tjernstrom

See Arctic Studies

Vertical coupling of clouds and the surface in the summer Arctic

Michael Tjernstrom, Thorsten Mauritsen, Joseph &e@MHI), Matt Shupe and Ola Persson (CIRES, Usitxe
of Colorado, Boulder, USA), lan Brooks (Leeds Ursitg, UK)

See Arctic Studies

The vertical structure of the lower Arctic atmosphe re

Michael Tjernstrom and Rune Grand Graversen

See Arctic Studies

Evaluation of the UK MetOffice Unified Model operat  ional forecast using ASCOS data
Michael Tjernstrom, Cathryn Birch and lan Brook®€ds University, UK)

See Arctic Studies

Vertical coupling of clouds and the surface in the summer Arctic

Michael Tjernstrom, Thorsten Mauritsen, Josephl@eiatt Shupe and Ola Persson (CIRES, UniversitZolo-
rado, Boulder, USA), lan Brooks (Leeds UniverditiK)

See Arctic Studies

A summer-fall transitioning surface energy balance

Joseph Sedlar, Michael Tjernstrom, Thorsten MaantsAnders Sirevaag (University of Bergen), landksand
Cathryn Birch (University of Leeds UK), Matt Shugel Ola Persson (CIRES, University of Colorado, [Beq
USA)

See Arctic Studies

Surface layer fluxes in the summer Arctic
Michael Tjernstrom, Cathryn Birch and lan Brook®€ds University, UK)
See Arctic Studies

Evaluation of the UK MetOffice Unified Model operat  ional forecast using ASCOS data
Michael Tjernstrom, Cathryn Birch and lan Brook®€ds University, UK)

See Arctic Studies

Multisensor analysis of lower troposphere stability in the summer Arctic

Michael Tjernstrom, Joseph Sedlar, Thorsten MaaritsMatt Shupe and Ola Persson (CIRES, Universioto-
rado, Boulder, USA)

See Arctic Studies
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PHYSICAL OCEANOGRAPHY

The Oceanography group deals with problems of a global nature as well as with questions related to the
Baltic Sea. Additionally some topics in the field of geophysical fluid dynamics are under continuous in-
vestigation. To a considerable extent the work is based on numerical modelling, where the NEMO model
(linked to EC-Earth) gradually is replacing the various models previously in use. Experimental work fo-
cusing on the use of induced voltages for estimating transports is carried on in the Baltic as well as
North of the Faroes in the Atlantic. Satellite altimetry is being pursued in the latter region, and recently
an ARGO surface-drifter programme has been launched in the Baltic. Collaborative work is carried out
with a number of European institutes as well as university departments.

How larval traits and regional oceanography determi ne dispersal distance and optimum size of marine pr  o-
tected areas

Hanna Corell and Kristofer D66s in external collabtion with Anders Engqvist (KTH) and Per-Olav Mo&s and
Per R Jonsson (Department of Marine Ecology, Usitgrof Gothenburg)

This is a joint modelling effort between physical  designs of MPA networks should be based on
oceanography and marine ecology. Marine pro- spatially explicit biophysical models that con-
tected areas (MPAs) are presently set aside at an sider connectivities for complex circulation pat-
increasing rate to mitigate loss of habitats and terns and informed larval traits. However, until
biodiversity and to restore overexploited stocks. recently, little attention has considered how lar-
Here the effects on dispersal distance and local val dispersal capacities of targeted organisms
recruitment within MPAs by life history trait of impact the function of MPAs, and how different
the larvae, spawning season and spatial and life-history traits affect the dispersal.

temporal variability in ocean circulation were
explored with realistic simulations of larval dis-
persal. With the Baltic Sea as a testbed a few
basic larval traits common to a large group of
organisms was tested, to obtain general results.
These larval traits were based on empirical lar-
val data from discrete depths obtained in an ex-
tensive field sampling program in the study re-
gion. A large-scale hydrodynamic 3D ocean
model was then used to calculate dispersal tra-
jectories in the study area for all larval trait
combinations and we compared the spatial scale
of their dispersal with the existing MPA network
within the European Union Natura 2000 system.

The strong effects of larval duration and swim-
ming depth on larval dispersal suggest that
knowledge about these larval traits is critical for S s
the design of a functional MPA network. The ' . Natura 2000
model simulation and empirical data on larvae in
the study area suggest that the present size of
individual MPAs within the Natura 2000 net-

. . The mean dispersal distance for a larva in summer/autumn with pelagic larval
Work Of protected areas Is C0n3|derab|y beIOW duration of;O day§, syvimming at;he surfa.cg(tu(quqise) and at 30 metres (dark
what is required for local recruitment of MOSE bl shaiow MEAcwinin the Natura 2000 network of procted aroms. The
SeSSiIe invertebrates and Sedentary f|Sh Future circle diameters indicate dispersal distance and the size of individual MPAs

(assumed to be circular) drawn on the same scale as the map
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Baltic oceanographic research

Kristofer D66s, Joakim Kjellsson, Hanna Kling, Rdtendberg, Markus Meier, Jenny Nilsson, Peter &jgn
external collaboration with Janek Laanearu/Tarm@®ere (Tallinn Technical University, Estonia), Jelida-
pala/Riikka Hietala (Finnish Meteorological Instiey Helsinki), Kai Myrberg (SYKE, Helsinki) HansrBu
chard/Thomas Neumann (Baltic Sea Research Instiéenendinde), and Bror Jonsson ( Princeton University,
USA).

This research field encompasses both deep- atide latter research conducted in intimate collabor
surface-water processes in the Baltic. tion with the oceanographic research section of the
Swedish Meteorological and Hydrological Agency
Investigations concerning the former topic ar¢SMHI).
primarily based on rotating-hydraulic considera-
tions, since the research efforts to a considerabds regards field-work, this is presently undertaken
extent have come to deal with the oxygenated saithin two distinct fields. Since the late 1990s a
line exchange between the well-defined deep bgeo-electric monitoring system has been main-
sins of the Baltic, an ecologically very importantained between the Swedish mainland and the is-
process. land of Gotland. This installation provides quanti-
tative estimates of the strength of the main caeul
Research focusing on the horizontal circulation afon gyre of the Baltic, useful information for as-
the Baltic is carried out with a wide variety ofsimilating into numerical models. More recently an
methods, prominent among these numerical mod&urface-drifter program has been initiated in col-
ling of the two- as well as three-dimensional varitaboration with Estonian colleagues. This has al-
ety. These studies have examined topics encoready yielded highly interesting results, not léast
passing a wide array of spatial as well temporaiew of the trajectory-modelling activities which
scales, ranging from the Baltic seiches and trajethe MISU-oceanographers have excelled at over
tory analyses of the small-scale dispersion of palke last decade. Most likely this drifter programme
lutants to the climatologically modified behavioumill be further augmented in forthcoming years.
of the entire Baltic in a hundred-year perspective,

I \III!I' 000101 11 \IIIII"IIII“\ IIQ‘“ LAY
rifter 67619 Pyl
rifter 67620
rifter 6762% .7

Publications

Almroth Rosell, E., K. Eilola, R. Hordoir, H. E. Mleier, and P. O. J.
Hall, 2011: Transport of fresh and resuspendedipatate organic
material in the Baltic Sea - a model study. J. MarBystems, in press.

Burchard, H., P. D. Craig, J. R. Gemmrich, H. vaaréh, P.-P.
Mathieu, H. E. M. Meier, W. A. M. N. Smith, H. Ri&a, T. P. Rip-
peth, E. D. Skyllingstad, W. D. Smyth, D. J. SsWeind H. W.
Wijesekera, 2008: Observational and numerical miodeinethods for
guantifying coastal ocean turbulence and mixingpd?rOceanog., 76,
399-442.

Conley, D. J., S. Bjork, E. Bonsdorff, J. Carsteng& Destouni, B.
G. Gustafsson, S. Hietanen, M. Kortekaas, H. Kuds&. M. Meier,
B. M uller-Karulis, K. Nordberg, G. Ninberg, A. Norkko, H. Pit-
kanen, N. Rabalais, R. Rosenberg, O. Savchuk, Slomp, M. Voss,
F. Wulff, and L. Zillén, 2009: Critical Review: Hyxia in the Baltic
Sea. Environmental Science and Technology, 43840QR-3420.

Do6s K., A.Engqgvist, 2007: Assessment of wateramgehbetween a
discharge region and the open sea - A comparisdlifigfrent meth-
odological concepts. Estuarine, Coastal and Sha#rg&e 74 (2007)
585-597,d0i:10.1016/j.ecss.2007.05.022

Doscher, R., K. Wyser, H. E. M. Meier, M. Qian, &dRedler, 2010:
Quantifying Arctic contributions to climate preditility in a regional
coupled ocean-ice-atmosphere model. Clim. Dyn.1387-1176, doi:
10.1007/s00382-009-0567-y

Eilola, K., H.E.M. Meier, and E. Almroth, 2009: @re dynamics of
oxygen, phosphorus and cyanobacteria in the BSiia; a model

180 200

‘n.-r@a r.II.HH TR TR HIIIIIE study J Manne Systems‘ 75' 163_184
Two pairs of surface drifters deployed during the s ummer 2010 in the Baltic . . . .
Sea. The 67621 drifter (green) is, as this is writt  en, still working and sending HOFL:]OIF, R., and H. E. M. Meier, 2010: Freshwattexes in t_he
every hour valuable data through the Argos satellit e system. It is the longest Baltic Sea: A model study. J. Geophys. Res., 108028, doi:
working surface drifter ever in the Baltic 10.1029/2009JC005604.
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Hordoir, R., and H. E. M. Meier, 2011: Effect ofinchte change on

the thermal stratifi- cation of the Baltic Sea sensitivity experiment.

Clim. Dyn. , in press.

Jonsson, B., K. D66s, J. Nycander and P. Lundi29@8. Standing
waves in the Gulf of Finland and their relationskpthe basin-wide
Baltic Seiches. J. Geophys. Res. 113, C03004,
doi:10.1029/2006JC003862

Meier, H.E.M., 2007: Modeling the pathways and agfeisflowing
salt- and freshwater in the Baltic Sea. Estuari@eastal and Shelf
Science, Vol. 74/4, 717-734. Meier, H.E.M., K. Biland E. AlIm-
roth, 2011: Climate-related changes in marine estems simulated
with a three-dimensional coupled biogeochemicalsidgl model of
the Baltic Sea. Clim. Res., in press.

Large-scale ocean and atmosphere modelling and theo

Meier, H.E.M., A. Hoglund, R. Ddscher, H. AndersddnLoptien
and E. Kjellstrom, 2011: Quality assessment of apheric surface
fields over the Baltic Sea of an ensemble of regiolimate model
simulations with respect to ocean dynamics. Ocemgial, in press.

Nilsson, J. A. U., P. Sigray and R. H. Tyler. 20B@po-electric Moni-
torng of Wind-Driven Barotropic Transports in thalBic Sea. J.
Atmos. Ocean. Techn. 24, 1655-1664.

Soomere, T., N. Delpeche, B. Viikméae, E. Quak,. N.BMeier, and
K. D86s, 2010:Patterns of current-induced transporthe surface
layer of the Gulf of Finland. Boreal Env. Res., @01

ry

Kristofer D66s, Joakim Kjellsson, Laurent Brodedohan Nilsson, Jonas Nycander, Géran Brostrom

The large-scale modelling of the ocean and atmgy®lications
phere at MISU is made with the EC-Earth climat@rodeau, L., B. Barnier, A.M. Treguier, T. Penduffl S. Gulev, 2010

model and its two main components NEMO for thif

n ERA40-based atmospheric forcing for globalasceirculation
odels. Ocean Modelling, 31 (3-4), 88-104, 2010.

ocean and IFS for the atmosphere. The modelling

activities are closely coupled to more theoreticﬁ

orell H., J. Nilsson, K. D&6s, G. Brostrom, 2008ind sensitivity of
e inter-ocean heat exchange. Tellus A, Volumé&l@inber 5, Octo-

efforts, addressing fundamental dynamical queser 2009, pp. 635-653(19). DOI: 10.1111/j.160F02009.00414.x
tlor_15 and aiming to d_eVEIOP ne_W methods for aNdsoss, K. and J. Nilsson, 2010 Overturning analgdithe meridional
lysing the general circulation in model data anehergy transport in the atmosphere. J. Atmos.dati,

observations. Specific research questions are ti

&1175/2010JAS3493.1

to the energetics of the ocean circulation, the m@sos K., A.Engqvist, 2008: Book review of "Lagramghnalysis and

ridional transports of heat and freshwater by t@

ediction of Coastal and Ocean Dynamics for Mar@eophysical
esearches". Mar Geophys. Res. DOI 10.1007/s110843048-7

atmospheric and oceanic circulation, the circula-

tion of the Southern Ocean, and effects of t

nonlinear equation of state.
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Overturning streamfunction y(o, z) in depth—density coordinates from the OCCAM
model as a function of potential density 2. The transport is given in Sverdrups and
(o, z) is counted positive (red shading) in anticlockwise cells and negative (blue
shading) in clockwise cells (Nycander et al. 2007)
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Do0s, K., J. Nycander and A.C. Coward, 2008: Lagian decompo-
ion of the Deacon Cell, J. Geophys. Res., 103028,
doi:10.1029/2007JC004351.

Nilsson, J. and H. Kdrnich, 2008: A conceptual madé¢he surface
salinity distribution in the oceanic Hadley celbulnal of Climate,
21, 6586-6598

Nycander, J., 2011: Energy conversion, mixing eyenyd neutral
surfaces with a nonlinear equation of state. Jaliof Physical
Oceanography, 41, 28-41.

Nycander, J., 2010: Horizontal convection with adimear equation
of state: generalization of a theorem of Papareltal Young. Tellus
62A, 134-137.

Nycander, J., J. Nilsson, K. D&6s, G. Brostrom,720thermody-
namic analysis of the ocean circulation. JournaPbfysical Oceanog-
raphy 2007 37:8, 2038-2052. DOI: 10.1175/JPO3113.1

Penduff, T., Juza, M., Brodeau, L., Smith, G. @rnkr, B., Molines,
J.-M., Treguier, A.-M., and Madec, G., 2010: Impafcglobal ocean
model resolution on sea-level variability with erapis on interannual
time scales. Ocean Sci., 6, 269-284, 2010.
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Dynamics of subpolar seas and paleo-oceanography

Jan Backman (Department of Geological Sciencesk8tm University), Kristofer D66s, Martin Jakobeg®e-
partment of Geological Sciences, Stockholm Unitsgrsiohan Nilsson, Jonas Nycander, Ole-Anders {hstwe-
gian Polar Research Institute, Tromsg, Norway) Kiett O'Regan (Cardiff University, Great Britain) j@i
Thompson (Department of Geological Sciences, Sthtkbniversity), Gosta Walin (Géteborg UniversiBuye-
den).

This research project focuses on the dynamics fpplications
subpolar seas. These high-latitude oceans exp&Hkobsson, M., J. Backman, B. Rudels, J. NycaiigFrank, L.
ence strong surface heat loss and have weak vel{fyer W- Jokat, F. Sangiorgi, M. O'Regan, H. Bfials, J. King

. i . . . d K. Moran, 2007: The early Miocene onset ofatilated circula-
cal density stratification, causing their curretds tion regime in the Arctic Ocean. Nature, 447, 9889

be strongly Steered by the bottom topography. Fujékobsson, M., J. Nilsson, M. O’Regan, J. Backrhahpwemark, J.
ther, a high input of freshwater tends to create sAabowdeswell, L. Mayer, L. Polyak, F. ColleoniG..Anderson, G.
strona salinity stratification that competes witle t Bjork, D. Darby, B. Eriksson, D. Hanslik, B. Hell, Marcussen, E.
g y K P .Sellen, A. Wallin, 2010: An Arctic Ocean ice skelfing MIS 6
thermal S'[I’aFI.fICQtIOH, a feature that may resalt Iconstrained by new geophysical and geological dtzaternary
multiple-equilibria states. Fundamental aspects 6fience Reviews, doi:10.1016/j.quascirev.2010.63.01
the circulation in subpolar seas are examined USiR@son, J., G. Bjork, B. Rudels, P. Winsor, andBrres, 2008:
theory, Conceptua"y-based numerical modelsiquid freshwater transport and Polar Surface Watbaracteristics
: - _in the East Greenland Current during the AO-02 Odrpedition.
Iaboratory e_)_(pe”ments as We” as Obs_ervatlongrogress in Oceanography, doi:10.1016/j.pocean.200D02
Some specific research topics are motivated t,)\y _ . _ _
dat f the palo-ocean circulation in th lIsson, J., and G. Walin, 2010: Salinity-dominatieermohaline
prox_y atla o p 3 ‘irculation in sill basins: can two stable equilirexist? Tellus , 62A,
Arctic Ocean. One research focus is the Arctit3-133.
Ocean circulation du”ng the Miocene at the Stag\?ﬂst, 0. A, J. Nilsson, and J. Nycander, 2008ti@rasymmetry
when the Fram Strait opened up, transforming thpetween cyclonic and anticyclonic flow in basinthwioping
paleo Arctic Ocean from a landlocked lake to §°undaries. J.Phys. Oceanogr., 38, 771-787.
well-ventilated ocean basin. Another focus is th@o%ﬂp\?on{_IB{;J- '\‘f"tisolf\l/l»_l Nycindt?ﬂg'- Jakogsml_ Kd'Dd?f\
: . . . . : Ventilation of the Miocene Arctic Ocean: Aralized mode
Arctic Ocean circulation during Marine 1SOtOP€;,q, paleoceanography, doi:10.1026/2009PA001883
Stage 6, when the Arctic Ocean was surrounded by
enormous shelf-ice complexes, similar to those

found around Antarctica today.

Internal tides

Jonas Nycander, Robert Turnewitsch (The Scottisodiation for Marine Science, Dunstaffnage Matiabora-
tory, UK), Mondheur Zarroug.

The overturning circulation in the ocean is drivewarious approximations made in the linear compu-
by winds and by small-scale mixing. This mixingations are also investigated.

is caused by breaking internal waves, and in the

deep ocean the internal waves are mainly gendgbicatons

ated by tides over rough topography. In this prdyrn%gtssclh, R”J{_‘I&' Reysds,J.d I_\lycanger,J.J_.ig:(a;d R.S. Lam-

. - . itt, . Internal tides and sediment dynamicthedeep sea -

JECt’ such mtem_al tldes are CompUted for rt_eal_ t@\_/idence from radioactive 234Th/238U disequilibfleeep-Sea Res. |,
pography by using linear wave theory. Their imss, 1727-1747.

porta.nce for SEdlm.e.nt dynamlc_s has been StUdlqurroug, M., J. Nycander, and K. D86s, 2010: Enéngeof tidally
opening the possibility that sediments may contaigenerated internal waves for nonuniform stratifioat Tellus 62A,

a fingerprint of tides in the past. The effects of'7’®

Oceanographic investigations of the Faroe region

Léon Chafik, Peter Lundberg, Johan Nilsson, Peigra$ in external collaboration with Thomas Ross{@yradu-
ate School of Oceanography, University of Rhodentsl USA)

The focus of this research is the climatologicallywhich takes place in the neighbourhood of the
important water exchange between the AtlantiEaroe Islands.
Proper and the Nordic seas, a significant part of
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Previously the investigations have mainly beemonitoring. To conduct the last type of study, an
focused on the Atlantic-bound deep-water trangbservational system making use of the Faroese
ports through the Faroe-Bank Channel, a procesganch of the transatlantic CANTAT telecommu-
which has been examined using current-meter reications cable is maintained on the Faroes. Work
cords from the passage obtained in the course ofsgpresently in progress to determine whether simi-
long-term joint Nordic field programme initiatedlar monitoring can be undertaken from the recently
under WOCE auspicies. The modelling of thisleployed fibre-optical cables between the Faroes
overflow has primarily been based on the applicand the Shetland Isles as well as Iceland, respec-
tion of rotating hydraulic theory. tively.

Present research is to a large extent devoted Ptiicatons

examining and analyzing the inflow of warm an(fnn;]ar, L. K. Borinéﬁ, . Lallke,argld P. Ludndb:erngthDorrl;mdent on
; ; _ "3 the Faroe Bank Channel Overflow Hydraulicallp@rolled?” J.

sa_llme Atlant|c_ waters across the IC(_eIand Scot_laqﬂys_ Oceanogr. 39.1534-1538,

Ridge. These investigations are carried out using 8 P 2010, 0 That Awful Deendown Torrerit’ 1. Earth

variety of different techniques such as satellitgy /"9 P 2010- "0 That Awiul Deepdown Torrent. J. Ear

. - ; .3ci. (in press).
altimetry, numerical modelling, and geo-electric

Mathematical aspects of geophysical fluid dynamics

Peter Lundberg, Jenny Nilsson, Jonas Nycander, Mbear Zarroug and Qiong Zhang in external collabtara
with Fariba Bahrami (Tabriz University, Iran), Jaké&aanearu ( Tallinn Technical University, Estoniajhd J.
LaCasce (Oslo University).

Within this project various mathematical questiongblications
of an applied geophysical nature are dealt witBahrami, F. and J. Nycander, 2007: Existence ofggneninimizing
: . ia ortices attached to a flat-top seamount. Nonlimalk Real World

Wo_rk ha_s hitherto b_een carried out within suchi o) s, 288.204.
varied fields as existence proofs of vortices brami. E.. 3. Nveander and R Alikhani. 2010-dice of

H H H anrami, ., J. Nycanaer an . AlIkhanti, . ce or energy
non“neqr oscillators, the Improvement of perturb naximizing vortices in a three-dimensional quasigephic shear
tion series, and the resolution of coastal-wave @iew with bounded height. Nonlin. Anal.: Real Wobidpl. 11, 1589-

genvalue problems using either Frobenius series ¥P°:

perturbative techniques. Lundberg, P., F. Bahrami and M. Zarroug, 2009: Aeon the as-
ymptotic analysis of a thermal relaxation oscillat@. Angew. Math.
Mech. 89, 995-1001.

Measurements of bubble size spectra within leads in the Arctic summer pack ice

Sara Norris, lan Brooks, Barbara Brooks and CathBjirch (Leeds University, UK), Gerrit de Leeuw (Rish
Meteoroloical Institute), Anders Sirevaag (Unisigy of Bergen, Norway), Caroline Leck, Michaegrfijstrom

See Arctic Studies

Mixing, heat fluxes and heat content evolution of t he Arctic Ocean mixed layer

Anders Sirevaag, Sara de la Rosa and llker Fer ydrsity of Bergen), Marcel Nicolaus2 (Alfred Wegdnstitute,
Germany), Michael Tjernstrém, Miles G. McPhee (Me®Research Company , USA)

See Arctic Studies
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CHEMICAL METEOROLOGY

The research in chemical meteorology involves studies of the occurrence and transfer of chemical con-
stituents in the atmosphere as dependent on meteorological conditions: winds, clouds, precipitation etc.
This is done by measuring the chemical composition of air, including gases, aerosol particles, cloud
water and precipitation and by theoretical modelling of transport, transformation and removal processes.
The main focus is on the biogeochemical cycling, on regional and global scales, of constituents contain-
ing sulfur (SO,, DMS, S04%), nitrogen (NOx, HNOs, NOs-) and carbon (elemental carbon, hydrocar-
bons). Special attention is given to exchange processes between the atmosphere and the oceans and
between the atmosphere and the soil/vegetation system. Several of the projects are motivated by con-
cern about the effects of anthropogenic changes in the chemical composition of the atmosphere: impact
on climate, eco-systems - including acidification — and human health. The specific research areas in-
clude:

« REACTIVE TRACE GASES , AEROSOL PARTICLES AND PRECIPITATION CHEMISTRY

¢ MODELLING OF TROPOSPHERIC CHEMISTRY

REACTIVE TRACE GASES, AEROSOL PARTICLES AND PRECIPI TATION CHEMISTRY

The composition of fragments of bubbles bursting at the ocean surface
Caroline Leck and Keith Bigg

Air bubbles bursting on artificial seawater in labobursting and patrticle injection into the atmosphere
ratory experiments have been found to inject ninrave been supported by elctron microscopy of
merous particles <200 nm diameter into the atmosidividual particles at a number of sites. As ultra
phere, some experiments showing copious produgelet light and acidification cause structural and
tion of particles as small as 10 nm in diametechemical changes to exopolymers and their gels
Some reported observations of the real marirexposed to the atmosphere the marine aerosol will
aerosol support the presence of a large proportibave properties that change with atmospheric resi-
of sea salt <200 nm diameter, while others suggestnce time. If this is so, modification of currgntl
that it is absent, or nearly so. However, the cbsesccepted theories of particle injection into the at
vations have shown that its presence in the formerosphere by bursting bubbles would be required.
case may be based on misinterpretations. Highly

surface active exopolymers produced by bacterfgPicatons

and algae, the marine microgels formed by therfigg, EK., and C. Leck, 2008, The compositiomagfrhents of bub-

and large concentrations of submicrometer particfls> o' oid a the ocean surface, J. Geophys, &S (D1) 1209,

lates are known to be present in the ocean. Their

possible influence on bubble formation, bubble

Comparison of sources and nature of the tropical ae rosol with the summer high Arctic aerosol

Caroline Leck and E. Keith Bigg

Marine aerosol was collected in September 199&ss of outlines and shape of gels and the infeuenc
and July 2005 on the upwind coast of an island af organic vapours on them, suggested progressive
latitude 15°S, about 15km downwind from thehysical and chemical changes with atmospheric
outer edge of the Great Barrier Reef, Australia, aresidence time. The virus-like microcolloid aggre-

examined by electron microscopy. Exopolymegate components had a size distribution remarkably
gels, aggregates of organic microcolloids, marindose to that found in similar particles over the

micro-organisms and fragments of marine lifeentral Arctic Ocean peaking at diameters of 30-
formed a sub-stantial part of the accumulatioAOnm. Single components or small groups of these
mode aerosol. Differences in transparency, firmaggregates were found within more than 75% of
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particles resembling ammonium sulfate in appeatern over the oceans. That conclusion would re-
ance indicating that aggregates fragmented in tl@ire modification of the parameterization of the
atmosphere. Sea salt was found to only representnarine aerosol used in climate models and of pos-
small part, less than 5%, of the composition of thable climate feedback effects.

film drop particles. These findings are not only

consistent with those over the Arctic pack ice bibicatons

also with findings elsewhere. The deduced s@igg, EK, and C.Leck, 2008, The compositiomagthents of bub-
quence of changes to particles entering the atm@gflgf‘lrgtz'g%%g%%%e&@;‘frface’ 3. Geophys, &eS (D1) 1209,
phere from the ocean is very similar to that found

in the Arctic, suggesting that it is a common pat-

A modified aerosol cloud climate feedback hypothesi s

Caroline Leck and E. Keith Bigg

Shaw suggested a biothermostasis mechanism thatoke a highly surface-active Aitken mode, as-
would operate by altering planetary albedo ansumed to be exoploymer, externally mixed with a
thus climate through the creation of at-mosphergulfur-containing population in order to explairth
particles by oxidation of biospheric organic sutfid observed CCN over the pack ice area. If this is
gases. This was considered in more detail lgenerally so over remote marine areas then a pos-
Charlson, Lovelock, Andreae and Warren and hasble climate feedback effect may exist irrespectiv
become widely known as the “CLAW” hypothesisof a source of DMS in the ocean surface or from
It proposed a possible feedback mechanism on timerference from the free troposphere aerosols.
biological influence on cloud formation, radiationThis by itself weakens the CLAW hypothesis but
and climate and stands on 4 main assumptions: @puld also require that a warming would cause an
Increased phytoplankton production of dimethyincrease in biological productivity that would not
sulfide (DMS) as a result of global warming leadbe as species-selective as the CLAW hypothesis as
to (2) an increase in cloud condensation nucleacteria and viruses are probably major players in
(CCN) production by its oxidation products (3)the colloid generation. The concentration of the
Increased CCN concentrations then lead to an ilatter would depend on total phytoplankton con-
crease in cloud albedo and (4) the increased lossoentrations rather than just on important DMS
shortwave radiation would result in surface coolproducers. However, temperature-dependent pro-
ing. The DMS link might therefore help climate toduction of DMS by phytoplankton would still be
be self-regulating. involved, since the size to which pre-existing ag-
gregates with exoploymer gel grow is determined
We have argued that CCN number concentrationliy DMS oxidation product concentrations and this
not determined by the oxidation products of DM$nfluences their cloud nucleating properties. This
as has usually been assumed but by the concentkauld specify a greater biological control than
tion in the air of single components or smalthrough DMS alone. The accuracy of predictions
groups of colloids derived from the ocean surfacef global warming depends amongst other things
by bubble bursting. Fresh aggregates with exopn a correct representation of climate feedback
loymer gel on them could act as CCN directly bgarocesses, of which the CLAW hypothesis is po-
cause of the gel's strong surface-active propertigentially one.
Those that have lost their gel, given enough time
spent in the atmosphere, could still act as sites fPublications
condensation of the oxidation products of DMS.eck, C. and K. Bigg, 2008, A modified aerosol-glaimate feed-
This hypothesis has been examined further ovBfck hypothesis. Environmental Chemistry, 4, 408,40

) ) ) :10.1071/EN07061,
the Arctic pack ice and it was found necessary to

New Particle Formation of Marine Biological Origin

Caroline Leck and E. Keith Bigg

Large increases in concentration of particlesion over the central Arctic Ocean in summer and
smaller than 20 nm diameter are relatively contiave occasionally been observed over lower lati-
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tude oceans. These events often do not readily fidrticles. Examination of particles present during
theoretical models of homogeneous nucleaticen apparent nucleation event at Cape Grim, Tas-
from known precursor gases. It is shown that agrania supports this interpretation. Correlation
gregates and gels of marine biological origin areoefficients of concentrations of particles of eiff
often common over remote oceans and have a parnt sizes during the period before apparent nuclea-
tially granular structure. Previous work in the cention events suggests a distinct difference between
tral Arctic Ocean in summer has shown evidenocggorous true nucleation events and those over the
of release of particles of the order of 40 nm diameentral Arctic Ocean in summer where little subse-
ter in the presence of evaporating fogs. It is suguent growth is observed.

gested here that under some circumstances disinte-

gration of the primary particles may be more confPicatons

plete, releasing particles smaller than 5 nm thatck, C., and E.K. Bigg, 2010, New particle formatof marine

would then be mistaken for recently nucleateaologlcal origin, Aerosol Science and Technolog®.570-577.

A new Flexible Multi-component Model for the Study of Aerosol Dynamics in the Marine Boundary Layer

Caroline Leck: Matthias Karl (NILU, Norway), Liidirjola (University of Helsinki, Helsinki, Finlandgnd Allan
Gross (Danish Meteorological Institute, Denmark)

A new sectional aerosol dynamics modelsulphide decay during advection of an air parcel
MAFOR, was developed with the main focus tmver the Arctic pack ice was well captured by the
study nucleation in the marine boundary layeapplied models and predicted concentrations of
Novel aspects of the coupled gas phase/aerosolphuric acid and methanesulphonic acid in the
dynamics model MAFOR are 1) the full flexibility gas phase range up to 1.0 X &6 % and 1.8 X 16

of gas phase chemistry and the degree of deteiti®, respectively. Different nucleation schemes
specifically in the chemistry of dimethyl sulphidewere implemented in MAFOR, which allow the
2) the detailed treatment of liquid phase chemjstrgimulation of new particle formation. Modelled
which can be extended according to needs, andr8)cleation rates from sulphuric acid nucleation via
simultaneous calculation of particle number andluster activation were up to 0.21 ¢ns ~* while
mass concentration distributions of a multithose from ion-mediated nucleation were below
component aerosol as functions of time using H0? cm® s ™. Classical homogeneous binary and
sectional approach. Comparison with wellternary nucleation theories failed to predict nacle
documented aerosol dynamics box modelson over the central Arctic Ocean.

(MONO32 and AEROFOR), a comprehensive

dataset on gas phase compounds, aerosol size @iglcatons

tribution and chemical composition data obtainelar, M., A. Gross, L. Pirjola, and C. Leck, 2014 New Flexible
during the AOE-96 (Arctic Ocean Expedition Multicomponent Model for the Study of Aerosol Dyiearin the

- 'Marine Boundary Layer, Tellus B. Accepted.
1996) was used to evaluate the model. Dimethyl

Baseline measurements of airborn particles at Tasma  nia
Caroline Leck and Jost Heintzenberg (InstituteTfoopospheric Research, Leipzig, Germany)

A long-term soot-sampling program in collaboraterms of natural and anthropogenic sources, local
tion with the Australian baseline station is in opregional and long-range influence. The combined
eration at Cape Grim, Tasmania since 1982. ancillary information has been used to harmonize
second time series with modified sample substratiee two parts of this unique time series of an an-
was started in 1991, one year before the supply thiropogenic aerosol component. Beyond a previous
the first type of substrate was exhausted. On tlerpretation that had identified southern African
second substrate, major ions have been analyzg@dmass burning as dominating the seasonal soot
for complementary aerosol chemical informatiomycle at Cape Grim, long-term trends in regional
and for systematic corrections of the optical sogtollution and transport patterns are suggeste@to b
measurements. At the Cape Grim station a host aff great importance for the temporal evolution of
meteorological and trace substance information ike 25-year long soot record.

available for the interpretation of aerosol data in
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Aerosol formation in the Arctic free troposphere

Farahnaz Khosrawi; Johan Strom (ITM, Stockholm @rsity); Andreas Minikin (DLR Oberpfaffenhofen, Ger
many)

The classical mechanism for the formation of aer@al analyses were performed. The simulation re-
sol particles from condensable gases in the atmasits can be divided into three cases: 1. nucleatio
phere is the binary homogeneous nucleation otcurs at the begin of the simulation due to very
H,SO, and HO which is strongly dependent onlow temperatures, 2. nucleation occurs at a certain
temperature and relative humidity. The influenceoint in the simulation but for higher mixing ragio
of subgrid-scale vertical motion on the binary hoat the begin of the simulation, 3. nucleation oscur
mogeneous nucleation in the Arctic free tropoat three different time steps during the simulation
sphere has been investigated. During the ASTARor case 1 the temperature was the only driving
(Arctic Study of Tropospheric Aerosol and Radiamechanism while for case 2 and 3 the sub-grid
tion) campaign nucleation mode particles (4 to 18cale vertical motion could have influenced the
nm) were quite frequently observed at altitudeformation of new particles.

below 4000 m. However, in the upper free tropo-

sphere, nucleation mode particles were only offuPlications

served once, namely during the flight on 24 Majghosrawi, F, J. Strom, A. Minikin, R. Krejci, Paiit: formation in the
2004 (7000 ). icrophysical box model sUiegs Feropspher e AT co0cappacse
along trajectories that were calculated 6-daysicleation of H2SO4/H20, Atm. Chem. Phys., 10, 11, 2010.
backwards based on European Center for Medium-

Range Weather Forecasts (ECMWF) meteorologi-

New particle formation in remote Northern American forests under the sulfur plume influence

Vijay Kanawade and Mark E. Erupe (Kent State Ursiing, USA), Barry Lefer (University of Houston, A)STom
Jobson (Washington State University, USA), S. lallr (Indian Institute of Technology, India), SbglPressley
(Washington State University, USA), Farahnaz Khagrand Shan-Hu Lee (Kent State University, USA)

About 30% of the Earth’s land surface is covereserved on two occasions during 4 weeks of meas-
by various types of forests. Forest emitted biogenurements. Analysis based on both the ground- and
volatile organic compounds (BVOCs) affect atsatellite-based measurements of key trace gas spe-
mospheric photochemistry, aerosol loading, ancles show that these two events were strongly in-
radiative forcing over forests. Many forests aruenced by anthropogenic SO2 plumes transported
experiencing rapid changes in environmental cofrom regional power plants. Microphysical box
ditions as a result of forest succession due to cthodeling simulations, constrained by the measured
mate change. This also affects local BVOC chen$02, OH, and H2SO4 and other key atmospheric
istry and aerosol formation and growth in negparameters, show that ion nucleation involving
canopy environments, thereby altering the climatigigh concentrations of SO2 and/or H2SO4 is a
effects of forests. We observed aerosol sizes alikely pathway to explain the observed ultrafine
nucleation precursors during Community Atmosparticles, while binary and ternary homogeneous
phere-Biosphere Interactions Experimentaucleation processes failed to reproduce atmos-
(CABINEX) collaborative research in the remoteheric observations. Our results indicate that de-
Michigan forests in the summer 2009, in order tepite stringent air quality regulations in North
understand the new particle formation processes America, the threat to remote forests from air pol-
BVOC rich, remote northern American forestslution are still persist, contributing to formatiof
Our observations show that occurrence of ultrafireerosol particles over forested areas and must be
particles in the remote Michigan forest site waaccounted for in models to accurately predict the
rare, even in the presence of high concentratibnsimpact of new particle formation on climate.
biogenically emitted isoprene and its oxidation

products during the summer 2009. NPF was ob-
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Bi-static lidar studies of cirrus particle properti es

Georg Witt, in collaboration with Frans OlofssomnIB. C. Pettersson (Goteborg University, Swedéri¢! Cohen
(Hebrew University of Jerusalem, Israel), and Mided (ALOMAR Observatory, Andgya, Norway)

The effect of atmospheric clouds and aerosol isan the atmospheric height. While bi-static lidar
central topic of climate research. This applies naneasurements of tropospheric aerosol have been
the least to high latitudes which are most seresitiveported earlier, the CABLE study concentrates on
to climate change. The proper description of thieigh altitude clouds such as layered cirrus and
radiative forcing effect of clouds requires knowlPolar Stratospheric Clouds. The measurements
edge of the microphysical properties of the parthave been carried out at the ALOMAR facility in
cles such as composition, phase, size distributidtorthern Norway (6WN, 16°E )using the
and spatial orientation. Lidar sounding is widel)ALOMAR tropospheric lidar as light source.
used for assessing the cloud radiative properti€®SABLE is financed by the enhanced ALOMAR
With little exception, current lidar systems resitri Research Infrastructure (eARI) under the 6th
themselves to the back-scattering geometry. Tiame Programme of the European Union.
singular scattering angle of 18%& a serious limi-

tation to the information that can be obtained frorfiPlications
such measurements. Olofson, K. F. G., Witt, G. and Pettersson, J. B.Bistatic lidar
measurements of clouds in the Nordic Arctic regigopl. Opt., 47,
. . . . . 4777-4786, 2008.
The Co-operative Alomar Bi-static Lidar Experi- _
lofson, K. F. G., Svensson, E. A., Witt, G. anttiePsson, J. B. C.,

ment (CABLE) eXter!d.S the range of information o rctic aerosol and clouds studied by bistatic lidechnique, J. Geo-
lidar data by combining the back-scatter systepmys. Res., 114, doi:10.1029/2008JD011138, 2009.

with a remote receiver admitting the determination

of the polarisation state of the laser return at-sc

tering angles between 13@nd 160, depending

Surface-Active cis-Pinonic Acid in Atmospheric Drop lets: A Molecular Dynamics Study

Caroline Leck Thomas Hede: Xin Li, Yaoquan Tu, Hagien (KTH)

Water vapor in the atmosphere can condensate @ndsurface tension is found to depend on not only
form cloud droplets when there is a certain amouttie concentration of the organic compound but also
of humidity and a presence of cloud condensatidhe droplet size due to the spontaneous assembly of
nuclei (CCN). In addition organic solutes calledhe surfactant molecules on the droplet surface.
surfactants can significantly lower the surface terhis leads to the conclusion that the partitionifg
sion of water. We here present a molecular dynartite surfactant between the bulk and surface plays
ics simulation (MD) of the behavior of cis- pinonican important role in the behavior of atmospheric
acid, a commonly found organic compound imerosol particles and thus in their availability fo
cloud condensation nuclei, and its effect on theloud formation.

surface tension of water clusters. The advantage of

MD simulations is that they could provide us th&ublicatons

microscopic details, which are often hard to obinLi, T. Hede, Y. Tu, C. Leck, and H. Agredi,® Surface Active
serve experimentally, such as the structures ag@;ﬁ?3hg@g'_%ﬂ:ﬂfgﬁ?el”(cﬁrgg'%Sg: _’;%ﬁ'g’g?y”am'cs
aggregation formation of aerosol clusters. Then.1021/z9004784.

simulations specifically showed that the de-crease

HULIS in nanoaerosol clusters; investigations of su rface tension and aggregate formation using molecul ar
dynamics simulations

Thomas Hede, Caroline Leck: Xin Li, Yaoquan Tu,$H&gren (KTH)

The most widely used theory that describes a proitte 20th century and is based on equilibrium ther-
ess in which water vapor condenses and formsodynamics. It combines the change in saturation
liquid cloud drops was developed by the Swediskapor pressure due to a curved surface (the Kelvin
meteorologist Hilding Kohler in the beginning ofeffect), and to the solute (the Raoult’s effect). A
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that time only soluble inorganic particles such asompounds may aggregate inside nano-aerosol

sea salt were thought to act as Cloud Condensatidnsters could have implications of various aspects

Nuclei (CCN). However, present knowledge conwhen describing and parameterizing CCN and

cerning the aerosol multiphase system has identioud droplets containing HULIS compounds.

fied that its organic components contribute anBven physical and chemical properties of CCN and

play a crucial role in the formation of cloud drop<cloud droplets could be affected by the ability for

lets in their ability to lower the surface tension HULIS compounds to aggregate. Therefore, ag-

the water uptake. gregation formation in aerosols is probably also a
key factor in cloud microphysics

In this study we use molecular dynamics simula-

tions to show that humic-like substances (HUL|Sjublications

mimic experimental data well when referring tdiede, T.,L. T., Xin, Y. Tu, C. Leck , and Hehg2011, HULIS in

reduction of surface tension, an_ability, whicljane s e, vestaatons of st and aggegae

could suppress critical water supersaturaion Whys. Discuss., 11, 425-452.

cloud droplet activation. The finding that HULIS

Determination of amino acids, proteins and other or ganic compounds in aerosol specimens
Bodil Widell and Caroline Leck

The influence of organic components of the ator followed by an extraction using repeated appli-
mospheric aerosol on the concentration of clouthtions of methanol. The extract was rinsed
condensation nuclei (CCN) has recently demorthrough a column packed with a cation exchange
strated to make a potentially important contribotiophase for further isolation of the amino acids and
to the aerosol-cloud-climate system. To obtaiproteins.
quantitative information of the organic components
present in the aerosol, one approach is to use sig@r the analyses of non-volatile and polar sub-
segregated bulk-chemical mass detection. Tlséances such as amino acids the compouns have to
advantage with such an approach is that a quantitee chemically and/or physically modified before
tive determination of a wide spectrum of organithey can be separated on a GC (Gas Chromato-
water-soluble and -insoluble organic com-ponengraph) column. In this method they were silylated
is made possible. The disadvantages are that thigh N-methyl-N-tert-butyldimethylsilyl-trifluor-
organic constituents could not be determined ipacetamide (MTBSTFA). Polar hydrogens,-OH, -
individual particles and that the determination iSH or —-NH, were replaced with tert-
confined to particles in the volume/mass range thautyldimethylsilyl (TBDMS) groups which will
is to sizes larger than 100 nm diameters. Thiecrease the capacity for the compounds to bind
method described was specifically designed ftoreversible to the column wall. The derivates were
determine the aerosol content of amino acids améter-mined by a High Resolution GC coupled to a
proteins. Size-segregated (diameter 100nm tdigh Resolution Mass detector (HRGC-HRMS),
10000nm) aerosol mass was collected on Tedlap. 10 000. The method be applied to samples
film-substrates using a high volume Berner impagaollected north of 80° during an icebreaker expedi-
tion in the summer of 2001.

Glycine in aerosol water droplets: a critical asses sment of Kohler theory by predicting surface tensio n from
molecular dynamics simulations

Caroline Leck, Thomas Hede: Xin Li, Yaoquan Tupglagren (KTH)

According to the Kohler theory, which describesations on two model systems, the pure water drop-
the nucleation and the equilibrium growth of cloudets and glycine in water droplets. The curvature
droplets, the surface tension of an aerosol dropl¢pendence of the surface tension is interpolated
is one of the most important factors that determirfley a quadratic polynomial over the nano-sized
the critical supersaturation of droplet activatibom. droplets and the limiting case of a planar intezfac
this study, with specific interest to remote maringo that the so-called Aitken mode particles, which
aerosol, we predict the surface tension of aerosate critical for droplet formation could be covered
droplets by performing molecular dynamics simu-
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and the Kohler equation could be improved bxredicting surface tension from molecular dynansicsulations.
. fi face tension corrections tmos. Chem. Phys., 11, 519-527, 2011www.atmos-chem
Incorporating sur : phys.net/11/519/2011/doi:10.5194/acp-11-519-2011.

Publications

Xin Li, T. Hede , Y. Tu, C. Leck, and H. Agreﬁﬂ,]Z Glycine in
aerosol water droplets: a critical assessment offilkd theory by

Molecular Dynamics Study on the Surface Tension of Atmospheric Water Droplets Containing Amino Acids

Caroline Leck, Thomas Hede: Xin Li, Yaoquan Tupglagren (KTH)

Atmospheric amino acids constitute an importargcids, including serine, glycine, alanine, valine,
fraction of the water-soluble organic nitrogermethionine and phenylalanine, are categorized into
compounds in both marine and continental aerosoydrophilic and hydrophobic species according to
particles, and have been confirmed as effectivbeir affinities to water. Different amino acids
cloud condensation nuclei materials in laboratorshow distinct effects on the surface tension; even
tests, this through their surfactant propertiesciwhi the same amino acid has different influence on the
could suppress critical water supersaturaion Burface tension of planar and spherical interfaces.
cloud droplet activation. In order to investigatefo improve the Kohler equation in predicting the
molecular distributions, orientations and inducedritical supersaturation of droplet activation, the
changes in surface tension we have performedcarvature dependence of the surface tension was
molecular dynamics study of six types of aminanodeled by a quadratic polynomial func-tion of
acids in atmospheric water droplets, These amirbe inverse of droplet radius.

Characterization of exopolysaccharides in marine co lloid by capillary electrophoresis
Qiuju Gao, Caroline Leck: Asa Emmer (KTH)

Surface active extracellular polymeric secretionBy acidic hydrolysis using capillary electrophosesi
(EPS) from marine microorganisms are abunda@tfE) with indirect UV detection. Tangential flow
in the oceanic surface layers and are predominanfilgration was used to isolate and concentrate the
exopolysaccharides (polymers) with a minor fraceolloidal polysaccharides with molecular weight
tion of proteins and lipids bound. These polymersigher than 5kDa from seawater. Isolated sample
can assemble rapidly into gels through divalerdfter dialytic desalting was freeze-dried and hydro
ions such as Gaand Md* forming bridges be- lyzed with trifluoroacetic acid (TFA) to cleave the
tween adjacent or different sugar chains. Receglycosidic bond and yield monosaccharides. The
studies have demonstrated that EPS can be traresidues are exposed to strong cation exchange
ported into atmosphere from air-sea interface ECX) solide phase extraction (SPE) catridge for
bubble bursting and have a substantial contributidarther cleanup. The CE method using a back-
on the concentration of cloud condensation nuclground electrolyte (BGE) consisting of 2,6-
(CCN) causally related to their highly hydrophilicdimethoxyphenol (DMP) and Cetyltrimethylam-
properties. Their typical sizes in the accumulatiomonium bromide (CTAB), has been optimized.
mode imply that they could act directly as CCNElectroosmotic flow (EOF) was reversed to im-
with hygroscopic growth factors probably initiallyprove the separation of the isomeric monosaccha-
as large as that of sea salt. Study of marir&les. Under optimized conditions several neutral
exopolysaccharides can provide some further imonosaccharides commonly existing in marine
sight on the behaviour of EPS and its atmosphenolysaccharides including 3 aldohexoses (glucose,
processing and relevance for climate. mannose and galactose), 2 deoxysugars (rhamnose
and fucose) and 1 aldopentoses (xylose) are excel-
Characterization of polysaccharides at molecul#ntly separated in the CE system.
level in marine system is complicated by their
structural complexity, high degree of stereoisonfblications
eric diversity of their monomers and the difficul-Gao, Q., M. Araia, C. Leck, and A. Emmer, Chandzgion of
ties to isolate the trace amount of target confgPoyeaceiaies r varhe colois by apllayeoporeds
pounds from high concentrations of sea salt. As. 2, doi:10.1016/j.aca.2010.01.008.
method was established to determine monosaccha-
rides liberated from extracellular polysaccharides
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Monosaccharide compositional analysis of marine pol ysaccharides by hydrophilic interaction liquid chro ma-
tography-tandem mass spectrometry

Qiuju Gao, Caroline Leck: Ulrika Nilsson and Leogdl. llag (SU)

A simple and sensitive method was developadas used to compensate for the signal suppression.
using hydrophilic interaction liquid chromatogra-The method demonstrated excellent instrumental
phy coupled to tandem mass spectrometry for dimits of detection (LOD), ranging from 0.7 to 4.2
termination of monosaccharides liberated fromg. Method LODs range from 0.9 to 5.1 nM. The
marine polysaccharides by acidic hydrolysis. Ogproposed method was applied to the analysis of
timal separation of diastereomeric monosacchaolysaccharides in seawater collected from the
rides including hexoses, pentoses, and deoxyheopen leads of the central Arctic Ocean in the sum-
oses was achieved using an aminopropyl bondetkr of 2008.

column with mobile phase containing ternary sol-

vents (acetonitrile/methanol/water) in conjunctioffuplicatons

with MS/MS in SRM mode. Mechanisms forGao, Q., U. Nilsson, L. L. llag, and C. Leck, dadEmmer, 2011,
fragmentation of deprotonated monosaccharid ’:g;ﬁﬁfghﬁ]?g;ggg?]pﬁ&'g';i';ﬂ;{%’;;:;h";iggg’;:’;ggzgi? by
with regard to cross-ring cleavage were proposeghmetry. Anal. Bioanal. Chem., DOI 10.1007/s00216-4638-z.
Matrix effects from coeluting interferences were

observed and isotopic-labeled internal standard

Atmospheric Brown cloud (ABC) Asia

Caroline Leck, Henning Rodhe, Lennart Granat anik Engstrom (SMHI), J. Heintzenberg (Institute Toopo-
spheric Research, Leipzig, Germany), U. Kulshregtihdian Institute of Chemical Technology, Hyderdp&.S.P.
Rao (Indian Institute of Tropical Meteorology, Ruhndia), Bidya Pradhan (ICIMOD, Khatmandu, Nepal)
Praveen Siva (Maldives Climate Observatory, Hanidre)

The international ABC (www-abc-asia.ucsd.eduy To use regional scale source-receptor models in
project has been launched in response to the dra-conjunction with the data from observatories
matic results obtained during the INDOEX project and validated satellites to identify the relative
regarding transport of highly polluted air from the contribution of the various Asian regions to the
Asian continent out over the Indian Ocean during observed aerosol loading.

the winter monsoon season. As a first step observa- ) )

tories have been set up in the S and SE Asian fe- T0 determine direct short-wave and long-wave
gion to monitor the concentration of pollutants and 2aerosol radiative forcing at the surface and top
their impact on the radiation balance of the atmos- Of the atmosphere based on aerosol data in con-

phere. The major scientific objectives of the ob- junction with comprehensive in situ and remote
servatories are: radiometric measurements.

» To establish continuous chemical and micror To relate the aerosol forcing to regional sources
physical aerosol observations at key locations of aerosol emissions. The ABC project also in-
in the Indo-Asian-Pacific region with a particu- cludes studies of the effects of the pollutants on
lar emphasis on black carbon, organics and human health and on agriculture. Capacity
cloud condensation nuclei. A major thrust of building and dialogue with policy makers are
these observatories will be characterization of important components.

the aerosol sources based on the analy5|s:§rf‘e main MISU/IIMI  contribution to ABC

aerosol filters for molecular markers and sing tto:/f misu.su.se/abcl) is to seek a better
particle analysis. The identified sources fro p-IWWW.MISU. SU. ) | L
understanding of the atmospheric life cycle of soot

the molecular markers will include bio-fuelsO tical and chemical broberties of soot partictes i
and other forms of biomass burning; coal com:= pt ICal properti partl !

bustion: diesel and two-stroke engines. Th@ir and precipitation are beeing investigated by

source characterization will be used by UNEP€ans of spectral light absorption, Raman scatter-

: lectron microscopy and chemical multi-
and the regional governments to develop futur89: © .
strategies to mitigate the impact of Asian ai omponent analyses. MISU contributes to the ABC

pollution on climate, human health, and th limate Observation Program by performing
environment ! ! measurements at three stations in the South-Asian

region (situated in Nepal, India and Maldives). The
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above measurements are complemented by theications
determination of various organic and Inorgamﬁamanathan, V. et al. (including Henning Rodhe)@@@msopheic

(sulfate, nitrate and others) components. Brown Clouds — Regional Assessment with Focus i@ Baited
Nations Environmental Programme,

Carbon-14 analysis of soot in ABC

Caroline Leck, Henning Rodhe: Orjan Gustafsson/(BU), Rebecca Sheesley (SU/ITM), Erik Engstromnniart
Granat

A fundamental question in the investigations of th#/ood Hole, USA. Results show that during the
Atmospheric Brown Cloud (ABC-Asia) is the ori-winter monsoon period about half of the soot car-
gin of the surprisingly high black carbon (sootyied out over the Indian Ocean is derived from
component of the aerosol. The strong absorption biomass burning rather than from fossil fuel com-
solar radiation by the soot and the resulting impabustion.

on the atmospheric energy balance and on climate,

makes this question particularly important. In thjgublicatons

project aerosol particles are sampled at ABC sit€gstafsson, O., Krusa, M., Zencak, Z., Sheesldy, Ganat, L.,

in'S Asia. After separation of the soot component ShS5Iam, & reveen, 2.5, Rao PSP, LedneRodhe,

is analysed for its C-14 content in collaboratiofion? Science, 323, 495-498 DOI:10.1126/scienceldss.

with the National Ocean Science AMS facility in

Reducing uncertainties associated with filter-based optical measurements of soot aerosol particles wit h
chemical information

Caroline Leck and J. Erik Engstrom (SMHI)

Of the many identified and potential effects ofmaadhoo during episodes with either continentally
atmospheric aerosol particles on climate, those woffluenced air from the Indian/Arabian subconti-
soot particles are the most uncertain, in that anaents (winter monsoon) or pristine air from the
lytical techniques concerning soot are far fronsouthern Indian Ocean (summer monsoon). The
satisfactory. One concern when applying filtertwo ways of correction (optical and chemical) low-
based optical measurements of soot is that theyed the particle light absorption of soot by 63 to
suffer from systematic errors due to the light scaél %, respectively, for data from the Arabian Sea
tering of non-absorbing particles co-deposited asourced group, resulting in median soot absorption
the filter, such as inorganic salts and minerak.dusoefficients of 4.2 and 3.5 Mm Corresponding

In addition to an optical correction of the nonvalues for the South Indian Ocean data were 69
absorbing material this study provides a protocaind 97 % (0.38 and 0.02 M A comparison
for correction of light scattering based on thevith other studies in the area indicated an overes-
chemical quantification of the material, which is daimation of their soot levels, by up to two ordefs
novelty. A newly designed Particle Soot Absorpmagnitude. This raises the necessity for chemical
tion Photometer was constructed to measure ligbbrrection protocols on optical filter-based deter-
transmission on particle accumulating filtersminations of soot, before even the sign on the ra-
which includes an additional sensor recordindiative forcing based on their effects can be as-
backscattered light. The choice of polycarbonatessed.

membrane filters avoided high chemical blank

values and reduced errors associated with lengthfgfiicatons

the |ight path through the filter. Two protoco|g fo Engstrém, L.E., and C. Leck, 2010, Reducing uniri¢s associated

. : ith filter-based optical measurement of soot aefparticles with
corrections were app“ed to aerosol samples Cc_ﬂwmical information, Atmos. Meas. Tech. Disci&sl197-1227.

lected at the Maldives Climate Observatory Hani-

Determination of particulate soot in precipitation using Nuclepore filters and photometric detection
Caroline Leck and Erik Engstrom (SMHI)

Measurement of light absorbing matten\at 550 able but measurements of soot in precipitation are
nm (called soot) in air has been performed faare. The pore filtration efficiency and the high
some decades and a handful of methods are avhillank values of the quarts-fiber filters in use ever
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drawbacks of the available methods. AnotheFhe tests showed that the overall loss of soot due
drawback was the complicated chemical treatmetd adsorption during collection and filtration was
of the sample. 22 £ 2 %. The detection limit was estimated to
0.025 in optical density, or 2 ng/ml expressed as a
To overcome the shortcomings a more straightfoconcentration assuming a filtration volume of 30
ward method for determination of soot has beaml. Analysis of environmental samples have been
developed uses polycarbonate membrane filteuccessfully performed with the described method
(PCMB) for collection. The PCMB filter has at the Maldives Climate Observatory Hanimaad-
higher collection efficiency, which will give botin hoo and Nepal Climate Observatory. At Maldives
better reproducibility and lower the detection timithe average soot concentration in rain was 0.048
of the method. The method does not include anyy/ml and at the Nepal observatory 0.Qggml.
chemical treatment and is therefore less time con-
suming and the risk of sample loss during repeatddhis work is performed as a part of MISU/IMI's
treatments is minimized. contribution to the ABC program. This method is
now being implemented at the MISU-monitoring
Precipitation is collected with glass funnel andtations. During the sampling periods of precipita-
glass bottle in a wet-only collector. The sample ion synchronous Particle Soot Absorption Pho-
then filtrated through a Nuclepore filter with airtometer (PSAP) filters are taken for evaluation of
pressure. The filter is analyzed on a photometrgzavenging ratios.
instrument. The photometric instrument is cali-
brated to achieve a value of the soot concentratigflications
on the filter. This value is then used to calculaténgstrom, J. E. and Leck, C.2009.: Determinatiowafer-insoluble

; ; S i at light absorbing matter in rainwater using polycartate membrane
the soot concentration in preC|p|tat|on. filters and photometric detection, Atmos. MeashT&iscuss., 2,

237-264.

Morphology and state of mixture of atmospheric soot aggregates during the winter season over Southern
Asia — a quantitative approach

Caroline Leck and Esther Coz

The atmospheric brown cloud phenomena charattaadhoo aggregates were associated with aged
terized by a high content of soot and a large impaclosed structures, smaller sizes (130-360 nm) and
on the solar radiative heating especially affelsts t frequently contained inorganic inclusions. Those
tropical Indian Ocean during the winter seasorarriving from the Indian subcontinent were charac-
The present study focuses on morphological chaerized by the presence of an additional organic
acteristics and state of mixture of soot aggregatks/er that covered the aggregate structure. These
during the winter season over India. Given arerganic coatings might be a reasonable explanation
guantitative measures of size, morphology anaf the low average wash-out ratios of soot two to
texture on aggregates collected in air at two diffeseven times lower than that of nss-SO42- that
ent sites: Sinhagad near Pune in India and Hariave been reported for air flow arriving at Hani-
maadhoo in Maldives. For the latter site two difmaadhoo from the Indian subcontinent in winter.
ferent synoptic patterns prevailed: advection of ai

from the Arabian region and from the Indian sub?ublicatons

continent, respectively. Aggregates collected &ozE. and C. Leck, 2011, Morphology and Statdizfure of At-
Sinhagad, were associated with open branchFine™ Scotike Agoregates g he Wt over Sout
structures, characteristic of fresh emission and

diameters between 220 and 460 nm. The Hani-

Chemical composition of rainwater at Maldives Clima  te Observatory at Hanimaadhoo (MCOH)

Caroline Leck, Henning Rodhe, Lennart Granat, RDbg, Siva Praveen (MCOH, Maldives)
Water-soluble inorganic components in rain deposvhich is part of the Atmospheric Brown Cloud
ited at the Maldives Climate Observatory Hani(ABC) project, covers the period June 2005 to

maadhoo (MCOH) were examined to determinBecember 2007. Air mass trajectories were used to
seasonality and possible source regions. The studgparate the data into situations with transport of
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air from India and adjacent parts of the Asian corirom the African or Australian continents, local
tinent during the months December and Januadust from nearby islands and calcareous plankton
(Indian) and those with southerly flow from thedebris and exopolymer gels emitted from the ocean
Indian Ocean during the summer monsoon seassurface. The occurrence of NO and NH," in the
June September (Marine). A third trajectory grouparine group suggests emissions from the ocean
was identified with transport from the northerrsurface. Part of the NO could also be associated
parts of the Arabian Sea and adjacent land areagh lightning over the ocean. Despite the fact tha
during the months March, April and October Arathe concentrations of nss-0 NO;,” and NH'
bian Sea). The concentrations of nssr$ONH,", were highest in the Indian group their wet deposi-
NO; and H were more than a 10 factor of 4tion was at least as big in the Marine group réflec
higher in the Indian group than in the Marinéng the larger amount of rainfall during the mon-
group. This shows a pronounced influence of cosoon season. The annual wet deposition 0 NO
tinental pollutants during December and Januari{H," and nss-S@~ at MCOH is about a factor of
The average rainwater pH was significantly lowethree lower than observed at rural sites in India.

in the Indian group (4.7) than in the Marine group

(6.0). The origin of the high concentration of nsg=tPlcatons

C&in the Marine group — a factorof4to 7 highepas, R., L. Granat, C. Leck, P. S. Praveen, anRétihe, 2011,

than in the Indian group — is unclear. We discuggmiel compostr of anweter a Valdves Clmabeenatory
various possibilities including long-range trangpor

Washout ratio of black carbon in the Maldives
Granat, E. Engstrom, H. Rodhe and, S. Praveen (MatdClimate Observatory Hanimaadhoo)

A unique set of data has been collected from sirashout ratio is also smaller in air masses having
multaneous measurements of black carbon (BC) jrassed recently over source areas on the Indian
rain water and in surface air aerosols at the Harsubcontinent compared to cleaner air masses origi-
maadhoo monitoring site in the Maldives in thaating from the southern parts of the Indian Ocean.
Indian Ocean. The measurements were initiatdthis information has a bearing on the life time of
during the period 19-24 October 2004 as a part BIC in the atmosphere and will provide useful input
the Atmospheric Brown Cloud (ABC) APMEX to those who model the long-range transport of
campaign. Additional data were collected durin@®C.

2005 - 2008.

Publications

The washout ratio for BC is compared to that dgranat, L., Engstrom, J.E., Praveen, S. and Rodh@010, Light

_ sorbing material (soot) in rainwater and in aepbparticles in the
nss sglfqte and other soluble compounds. '_I'he ﬁ’amives’lGeophyS Res. 115, D16307, doi
sults indicate that the washout ratio for BC is-Sy30.1029/200910013768,2010.

tematically smaller than that of nss-sulfate. Tl B

Soil sensitivity to acidification in Asia

H. Rodhe, K. Hicks, A. Owen and J.C. Kuylensti¢Btackholm Environment Institute, York, UK), Fnizxmer
(Joint Research Institute, Ispra, Italy), A. Owerdadd. M. Seip (Oslo University, Norway)

Exceedance of steady-state critical loads for sahturation to reach a critical limit of 20% in re-
acidification is consistently found in southerrsponse to acidic inputs.
China and parts of SE Asia, but there is no evi-
dence of impacts outside of China. This study dghe results show that sensitive soil types in areas
scribes a methodology for calculating the time tof South, Southeast, and East Asia, including parts
effects for soils sensitive to acidic deposition if southern China, Burma, Hainan, Laos, Thailand,
Asia under potential future Sulfur (S), NitrogerVietnam, and the West-ern Ghats of India, may
(N), and Calcium (Ca) emission scenarios. Thecidify to a significant degree on a 0-50 y time-
calculations are matched to data availability iscale, depending on individual site management
Asia to produce regional-scale maps that providend abiotic and biotic characteristics. To make a
estimates of the time (y) it will take for soil leas clearer as-sessment of risk, site-specific data are
required for soil chemistry and deposition (espe-
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cially base cation deposition); S and N retention ipacts and should be useful in planning further-stud
soils and ecosystems; and biomass harvesting daed and, possibly, implementing measures to reduce
weathering rates from sites across Asia representisks of acidification.

tive of different soil and vegetation types and man

agement regimes. National and regional asse§g?icatons

ments of soils using the simple methods describéigks, W.K,, Kuylenstierna, J.C.1., Owen, A., DesteF., Seip, H.-

in this paper can provide an appreciation of thﬁ;dagfosggggj/':;nzb?g%fggg_esfg“"ty to acidffion in Asia: status

time dimension of soil acidification—related im-

MODELLING OF TROPOSPHERIC CHEMISTRY

Sea spray aerosol emission inventory

Annica Ekman, Hamish Struthers (SU/ITM), Paul Gtg@&U/ITM), Monica Martensson (SU/ITM), DouglassNil
son (SU/ITM)

Global and polar sea spray emission inventoriehiow that for temperate ocearss’§-65N), both
have been calculated based on a commonly usgthnges in wind speed and sea surface temperature
sea salt aerosol source parameterization in complay a role in the projected change in sea spray
nation with IPCC model output from the WCRP'serosol emissions. In the Arctic, sea ice cover is
CMIP3 multi-model dataset. Model output (sea icthe main driver of changes in sea spray emissions
cover, 10 meter wind speed, surface water temhereas wind speed is the dominant parameter in
perature) from 1870 to 2000 and projections frorthe southern polar region.

2000 to 2100 (SRES A1B) were compiled. This

provides the necessary information to estimate sea

spray emission changes from 1870 to 2100. Results

Sub-micrometer aerosol particles in the upper tropo sphere/lowermost stratosphere (UT/LMS) region as
measured by CARIBIC and modeled using the MIT-CAM3  Global Climate Model

Annica Ekman, Markus Hermann (IFT-Leipzig, GermaRgter Grol3 (IFT-Leipzig, Germany), Jost Heintzngb
(IFT-Leipzig, Germany), Dong-Chul Kim (MIT, Camhgel USA), Chien Wang (MIT, Cambridge, USA)

Near-global distributions of sub-micrometer aerocomparison is to learn more about what governs
sol particle concentrations in the UT/LMS regiorihe formation as well as spatial and temporal dis-
obtained from the CARIBIC project (Civil Aircraft tribution of the UT/LMS sub-micrometer aerosol.
for Regular Investigation of the Atmosphere Baselurthermore, we investigate the performance of a
on an Instrument Container) with global modestate-of-the-art global climate model in termstsf i
simulations using the MIT-CAM3. The MIT- representation of aerosol processes (and the inter-
CAM3 is a state-of-the art global climate modehction of aero-sols with clouds) in the UT/LMS,
with a two-moment interactive aerosol physics amgthich may indicate where more general model
chemistry module involving seven different aeroimprovement and development is needed.

sol compounds and mixtures. The main aim of the

Developing a module for aerosol physics and chemist ry within the global climate model EC-Earth

Annica Ekman, Anna Lewinschal, Twan van Noije (KNh# Netherlands), Richard Bintanja (KNMI, the et
lands), Trude Storelvmo (Yale University, USA),Mrd Kahnert (SMHI) and the EC-Earth community.

Aerosols may impact on climate directly througtirom AEROCOM (Chen and Penner, 2005; Penner
scattering and absorbing sunlight and indirectly byt al. 2006) and CMIP5 (http://cmip-
acting as cloud condensation nuclei, thereby altggemdi.linl.gov/icmip5/) have been introduced to
ing the physical and radiative properties of cloudslescribe the atmospheric aerosol population. The
As a first step towards describ-ing aerosol effecfgelds include anthropogenic and natural sulfate,
on clouds and climate within EC-Earth, timeblack carbon, anthropogenic and natural organic
varying, monthly averaged aerosol mass fieldsarbon, mineral dust and sea salt. The divisiom int
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natural and anthropogenic aerosol mass makesbden to couple a fully interactive chemistry and
possible to perform simulations for both preaerosol model (TM5/M7) with the atmospheric
industrial and present day conditions. part of EC-Earth. At the moment, it is possible to
conduct interactive atmosphere-chemistry-aerosol

The aerosol mass fields have also been coupledsimulations but the chemical compounds (e.g.
the radiation scheme within EC-Earth using specgreenhouse gases and aerosols) cannot yet impact
fied extinction coefficients for the five differenton clouds and radiative processes in the model.
aerosol components. This implementation makesThis work is still in progress.
possible to perform simulations of aerosol direct
effects on climate using EC-Earth. In Lohmann ét-blications
al. (2010), estimates of the aerosol direct efé@ct Lohmann, U., Rotstayn, L., Storelvmo, T., JonesMiénon, S.,
indirect effect derived using the EC-Earth modelees i ering o raive fux pertuim? Amospherc
have been compared with other state-of-the-athemistry and Physics, 10, 3235-3246.
climate model estimates. The res‘_“ts produced W Hazeleger, C. Severijns, T. Semmler, Stefiinescu, S. Yang, X.
EC-Earth are of comparable magnitude to the oth@gng, K. wyser, J.S. Baldasano, G. Balsamo, P.t8lectR. Bin-
model results, which indicates that the aeroséfia R.Caballero, E. Dutra, A. M. L. Ekman, J.Ghristensen, B.

. . . . _van den Hurk, P. Jimenez, C. Jones, P. Kallber¢{oEnigk, R.
module introduced in EC-Earth, and its interactiofjcgrath, p.m. A. Miranda, F. Molteni, T. van Noie, Palmer, E.

with the model meteorology, is physically sound. Rodriguez Camino, T. Schmith, F. Selten, T. StorehA. Sterl, H.
Tapamo, P. Viterbo, U. Willén, 2009. EC-Eartlseamless earth

system prediction approach in action. Bulletinle American Mete-
The most recent part of the development of th&siogical Society, 91,1357-1363, 2010

aerosol-chemistry module within EC-Earth has

Correlation of aerosols with meteorological variabl es in aerosol-cloud related studies
Anders Engstrom, Annica Ekman

Studies of the correlation between aerosol opticdlat can be assumed to correlate with both cloud
depth and cloud fraction suggest that variations fraction and aerosol optical depth. As a conse-
cloud fraction can at least to some extent be eguence of including meteorological information in
plained by variations in aerosol optical depththe analysis the validity of a linear independent
However, the correlation cannot unequivocally beelationship between aerosol optical depth and
linked to a microphysical impact of aerosols owmloud fraction is significantly reduced. The result
clouds. It is likely that the previously observedurther highlight the need to examine all possible
correlation between aerosols and cloud propertiesrrelations with meteorological variables in aero-
is a combination of many effects, including theol-cloud related studies.

microphysical connection. Using meteorological

analysis data from the European Center for M&ubications

dium-Range Weather Forecasts (ECMWF) thengstrom, A. and Ekman, A. M. L. (2010), Impacheteorological
correlation between aerosol optical depth arffters 11 sorelaton between aerosl opiapl and loue
cloud fraction is examined while controlling for10.1029/2010GL044361

variations in a number of meteorological variables

Aerosol-cloud interaction in shallow and deep conve ctive clouds

Annica Ekman, Radovan Krejci (SU/ITM), Anders Erigst Anders Sdderberg, Chien Wang (MIT, Cambridge,
USA), Johan Strom (SU/ITM), Marian de Reus (Unigirid, Germany), Jonathan Williams (MPI-Mainz, Ger-
many), Meinrat O. Andreae, (MPI-Mainz, Germany)

Convective clouds are important components @iroject, a 3-D cloud-resolving non-hydrostatic
the Earth’s climate system. They play a significanhodel is utilized together with in-situ observason

role in the transfer of heat, energy and chemictd examine aerosol-cloud interactions. The model
constituents between the Earth’s surface and tbemain covers approximately 200x200x30 km3
free troposphere. This is particularly true in th&ith a spatial resolution of 500-2000 km horizon-
tropics, where consistently warm surface tempergally and 200-400 m vertically. A two-moment

tures and high surface air humidity result in mangerosol module (predicting aerosol number con-
deep convective cloud systems. In this researclentration and mass) for four different aerosol
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modes (nucleation Aitken accumulation andes of a continental deep convective cloud. ®.Meteorol.. Soc.,
o ’ 133, 1439-1452.
coarse aerosols) is interactively coupled to the

i —kman, A. M. L., Krejci, R., Engstrom, A., StromddReus M.,
CRM. The CRM is used to StUdy both how aer illiams, J., Andreae, M. O., 2008. Do organicstdbute to small

sols, which are necessary fOF’ cloud formationerticle formation in the Amazonian upper troposeifeGeophys.
affect convective cloud properties as well as howRes. Lett., 35, L17810, doi:10.1029/2008GL034970.
the cloud processing affects the aerosol populati@fgstrom, A., Ekman, A. M. L., Krejci, R., DeR&ais Strom, J.,
itself. Clean episodes are put in contrast to Mu Wang, C., 2008. Observational and Modelling EvideotTropical

. eep Convective Clouds as a Source of Mid-TropagpAecumula-
events t9 gxplore hOW the climate system WOI’I{%n Mode Aerosols. Geophys. Res. Lett., 35, L23813
under pristine conditions and under anthropogendei:10.1029/2008GL035817.

influence. To evaluate the model, measurement§nan A M. L., Engstrom, A., Soderberg, A. 20hpact of two-

from different aircraft campaigns are utilized. way aerosol-cloud interaction and changes in aetsize distribution
o on simulated aerosol-induced deep convective chamgitivity.
Publications Journal of the Atmospheric Sciences, in press.

Ekman, A. M. L., Engstrom, A., Wang, C., 2007.é&ifext of aerosol
composition and concentration on the devel-opmedtaavil proper-

Albedo, clouds, aerosols and global climate

Frida Bender, Henning Rodhe, Annica Ekman and Rdbearlson (University of Washington, Seattle) atlabo-
ration with others

The objectives of this project are to estimate the ture perturbation. In an ensemble of models, a rela

impact of aerosols and clouds on global climate tionship is found between sensitivity to the vol-

and to identify feedbacks in the climate system ascanic eruption (defined as temperature response

well as in climate models. The relative stabilify o scaled by radiative perturbation), and climate sen-

global temperature during Holocene strongly sug-sitivity (measured as temperature response to a

gests that negative feedbacks operate in the dimaGO, doubling). If the same relationship is valid for

system. In view of their strong impact on global the real climate system, the measurable volcanic

albedo, it is also very likely that clouds play an  sensitivity can be used to estimate climate sensiti

important role in such feedback processes. Analyity (Bender et al., 2009).

sis of output from GCMs (clouds, albedo etc) and

of satellite observations is one of the main activi The planetary albedo appears to have remained

ties of this project stable, as seen in satellite observations for #is¢ p
decades and deduced from temperature records on

The atmospheric component of the community  longer time scales, But in an ensemble of climate

climate system model (CCSM3), CAM3.0, was models forced by strong G@hcrease the plane-

used to conduct a series of experiments to investitary albedo significantly decreases, in some cases

gate the influence of GCM tuning on climate sensieading to positive feedbacks similar in magnitude

tivity [Bender, 2008]. Cloud parameterizations, to the CQ forcing itself (Bender, 2011). The al-

that are not well-constrained by observations, arebedo decrease can be ascribed to surface changes,

altered in order to achieve agreement with avail- i.e. retreat of snow and ice cover, on which the

able observations of top of the atmosphere radia-models agree well, and changes in cloud cover and

tive budget. It is found that the tuning does dffec cloud properties. This cloud contribution to the

the model's climate sensitivity, but that the dffec negative albedo trend is found to vary largely

comparatively small. among models, and to be correlated with climate
sensitivity. In high-sensitivity models the clouds

The aerosol emissions due to the volcanic eruptiogenerally act to enhance the negative surface-

of Mount Pinatubo in 1991 caused a large pertur-albedo trend, whereas in low-sensitivity models the

bation to the planetary albedo and the climate syseloud changes rather counteract the surface albedo

tem, captured by satellite observations, and simu-trend. This illustrates the importance of shortwave

lated in many GCMs. It thereby offers an opportu-cloud response to global warming in determining

nity to evaluate model performance and to study climate sensitivity in global models.

the climatic impact of such a radiative perturba-

tion. Modeles and observations show a general Publications

agreement with regard to magnitude and time scafender, F. A-M. (2008) A note on the effect of GGMng on climate

of radiative perturbation and subsequent temperage"sitivity: Environ. Res. Lett. 3, 1
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Bender, F. A-M., Ekman, A. M-L. and Rodhe, H. (20®&sponse to Bender, F. A-M. (2011) Planetary albedo in stronfgisced climate,
the eruption of Mount Pinatubo in relation to cliteasensitivity in the  as simulated by the CMIP3 models, accepted forigatibn, Theor.
CMIP3 models, Clim. Dynam., 35:875-886 Appl. Climatol.

Global warming and Climate sensitivity

S. Schwartz (Broohaven Ntl. Lab., USA), R.J. Cbar(®niv. of Washington, Seattle, USA), Henningheaahd a
few others

The observed increase in global mean surface teforcing being partially offset by forcing by in-
perature (GMST) over the industrial era is lessthareased concentrations of atmospheric aerosols; the
40% of that expected from observed increases imcrease in global heat content due to thermal dis-
long-lived greenhouse gases together with the besguilibrium accounts for less than 25% of the dis-
estimate equilibrium climate sensitivity given bycrepancy, and cooling by natural temperature
the 2007 Assessment Report of the Intergovermariation can account for only about 15%.

mental Panel on Climate Change (IPCC). Possible

reasons for this warming discrepancy are systerffications

atically examined here. The warming discrepancgehwartz, S.E., Charlson, R.J., Kahn, R.A., Ogl#h,and Rodhe, H.

is found to be due mainly to some combination %ﬁg:ﬁ’gi,@é? 1 Sarth warmied s Mmuch s expededimate 23,

two factors: the IPCC best estimate of climate sen-

sitivity being too high and/or the greenhouse gas

ASCOS (The Artic Summer Cloud Ocean Study)

Caroline Leck and Michael Tjernstrom

See Arctic Studies

The horizontal and vertical distribution of atmosph eric DMS in the high artic region

Jenny Lundén, Gunilla Svensson, Caroline Leck, éatuBrodeau, and Michael Tjernstrom
See Arctic Studies

On the potential contribution of open lead particle emissions to the central Arctic aerosol concentrat ion

Caroline Leck, Michael Tjernstrom: Andreas Held {irsity of Bayreuth, Germany), lan M. Brooks (L&é&bhi-
versity, UK)

See Arctic Studies

Measurements of bubble size spectra within leads in the Arctic summer pack ice

Caroline Leck, Michael Tjernstrom: Sara Norris, IBnooks, Barbara Brooks and Cathryn Birch (Leedsversity,
UK), Gerrit de Leeuw (Finnish Meteoroloical Instié), Anders Sirevaag (University of Bergen, Norway)

See Arctic Studies

Modeling the greenhouse Arctic Ocean and climate ef ~ fect of aerosols

Annica Ekman, Douglas Nilsson (SU/ITM), Hamish taets (SU/ITM), Monica Martensson (SU/ITM), Margare
Hansson (SU/Natgeo), Radovan Krejci (SU/ITM), JoB&bm (SU/ITM), Peter Tunved (SU/ITM), Ake Hagstro
(Kalmar Hogskola)

See Arctic Studies
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The properties of the surface microlayer of the ope  n leads and the ocean mixed layer in the central Ar  ctic
Basin pack ice area

Caroline Leck, Qiuju Gao, Patricia Matrai (Bigelovaboratory, USA) and Monica Orellana (UniversityWash-
ington, Seattle, USA)

See Arctic Studies

Biogenic particles over the central Arctic Ocean
Caroline Leck, Keith Bigg and Rachel Chang (Unitxedf Toronto, Canada)
See Arctic Studies

Free amino acids in aerosol samples collected over the Central Arctic Ocean in summer
Bodil Widell and Caroline Leck

See Arctic Studies

The fractal structure of marine nanogels: a new per  spective on particle formation

Caroline Leck and Esther Coz

See Arctic Studies

A Study of New Particle Formation in the Marine Bou  ndary Layer Over the Central Arctic Ocean usinga N  ew
Flexible Multicomponent Aerosol Dynamic Model

Caroline Leck: Matthias Karl (NILU, Norway), Liid@irjola (University of Helsinki, Helsinki, Finlanddnd Allan
Gross (Danish Meteorological Institute, Denmark)

See Arctic Studies

Cloud Condensation Nuclei Closure Study on Summer A rctic Aerosol

Caroline Leck: Maria Martin, Berko Sierau, Ulrikeobhman (ETH, Schwitzerland, Rachel Y. -W. ChangDJ.P
Abbat (University of Toronto, Canada) Staffan SgigrErik Swietlicki (Lund University)

See Arctic Studies

Marine microgels: a source of CCN in the high Arcti ¢

Caroline Leck: Ménica V. Orellana and Allison M. @nstitute for Systems Biology, Seattle, USA}i¢a A.
Matrai and Carlton D. Rauschenberg (Bigelow Laborgtfor Ocean Sciences, Maine, USA), Esther CosMI
CIEMAT, Madrid, Spain)

See Arctic Studies
Tropospheric long range transport of a forest fire plume to the central summer arctic

Michael Tjernstrom and Caroline Leck: Erik Swiekii¢Lund University), Armin Wisthaler and Armin Hszah (Uni-
versity of Insbruck)

See Arctic Studies

A low-CCN cloud regime in the summer Arctic

Michael Tjernstrom, Caroline Leck: Thorsten Maueits(Max-Planck Institute for Meteorology, HambuBgr-
many), Joseph Sedlar (SMHI), Matt Shupe and Olas$ter (CIRES, University of Colorado, Boulder, UStjf-
fan Sjogren and Erik Swietlicki (Lund UniversitBerko Sireau (ETH, Zurich, Switzerland), lan Brogkseds
University, UK)

See Arctic Studies
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The vertical stratification of submicrometer aeroso | particles and their relevance for cloud formation over the
Arctic Ocean pack ice during summer - a contributio n to the Arctic Summer Cloud Ocean Study (ASCOS)

Caroline Leck, Linda Orr, Joeseph Sedlar (SMHI) . Brooks, Sarah Norris (University of Leeds,)UKrik
Swietlicki and Staffan Sjogren (Lund University)

See Arctic Studies

Observations of aerosols and optically thin clouds in the Arctic from a space-borne lidar

Abhay Devasthale (SMHI), Michael Tjernstrom, Joel&e K.-G. Karlsson and Colin Jones (SMHI), Manuna
Thomas (University of East Anglia, UK), Ali OmarA8A Langley, USA)

See Arctic Studies

ADDITIONAL PUBLICATIONS: CHEMICAL METEOROLOGY

Kim, D., Wang, C., Ekman, A. M. L., Barth, M. Cddasch, P. J., 2008. Distribution and Direct Radia
tive Forcing of Anthropogenic Aerosols in an Inteige Size-Resolving Aerosol-Climate Model. J. Geo-
phys. Res., 113, D16309, doi:10.1029/2007JD009756

Rockstrém, J. et al. (27 co-authors, including ledRe) 2009, A safe operating space for humanity. Na
ture 461, 472-475

Rockstrom, J. et al. (27 co-authors, including ledRe) 2009, Planetary Boundaries: Exploring theesaf
operating space for humanity. Ecology and Soci4{?): 32.
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ATMOSPHERIC PHYSICS

The Atmospheric Physics group (AP) at MISU/IMI continues its research programme on the aeronomy of
the middle atmosphere. Focussing on the altitude range 10-100 km, the field of research of our Atmos-
pheric Physics group concerns in particular radiative and chemical interactions of aerosols and trace
gases as well as the dynamical and chemical coupling between different regions of the atmosphere. In
the middle atmosphere, aerosol particles of interest include ice clouds, particles of meteoric origin, and
the background aerosol formed by conversion from various gases.

i\l ITRLNTNE J

Noctilucent clouds seen from Stockholm. At an altitude of 82-84 km, these
mesospheric clouds are the highest clouds in the Earth's atmosphere.

Our research programme in this field includes a wide range of experimental and theoretical techniques.
The experimental component aims at the development, improvement and application of measuring tech-
niques, including sounding rockets, satellites, balloons and ground-based instruments. Spectroscopic
techniques and particle microphysics are examples of particular competence. Model studies are essen-
tial to put our experimental results in a larger perspective of understanding the middle atmosphere. Our
model studies range from the microphysics of particle formation to global dynamics.

The long-term goals for our atmospheric physics programme at IMI/MISU are:
¢ to establish the distributions and properties of important trace gases, aerosols and clouds in the

middle atmosphere,

¢ to understand underlying transport processes and the dynamical coupling between various parts
of the atmosphere,

e to obtain a better understanding of the microphysical, radiative, and chemical interactions that
determine the properties and variability of trace gases, aerosols, and clouds.
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radiative influences from the lower atmosphere and from space.

MESOSPHERIC CLOUDS, AEROSOLS AND COMPOSITION

The Swedish Odin satellite has now been in orbit for 10 years, still providing a vast amount of valuable
measurements. Odin-related studies continue to take up a major part in MISU/IMI's Atmospheric Physics
activities. We are involved in both instruments on the satellite, i.e. the Optical Spectrograph and Infrared
Imaging System (OSIRIS) and the Sub-Millimetre Receiver (SMR). During the recent two years, our
studies have concerned both the mesospheric and stratospheric mission of Odin.

The interaction of radiative, chemical and dynamic processes in the Earth's mesosphere gives rise to a
variety of phenomena like noctilucent clouds (NLC), the ablation and transformation of meteoric mate-
rial, or the Earth’s nightglow. The study of these phenomena and the related chemical and aerosol spe-
cies is a central research topic for the MISU/IMI Atmospheric Physics group. Rocket-borne in situ meas-
urements are essential tools for the analysis of these complex interactions. Only sounding rockets can
provide detailed measurements of the small-scale processes and interactions that govern many of these
mesospheric phenomena.

The mesospheric mission of the Odin satellite

Jacek Stegman, Jorg Gumbel, Kristoffer Hultgremak Hedin, Georg Witt, Bodil Karlsson (currenthlabora-
tory of Atmosphere and Space Physics, Universi§obérado at Boulder, USA), Stefan Lossow (nowaddfuhe
Institute of Technology, Germany)

The main scientific goal of Odin is to explore thehe other participating nations — Canada, France

middle and upper atmosphere. Since the end of taed Finland. Odin is the third scientific satellite

astronomic part of the Odin mission, the satellita series of Swedish small satellite projects sup-
has been fully devoted to atmospheric studies. Tiperted by Swedish National Space Board and other
two instruments onboard are the submillimenational agencies. It is today operated as an ESA

tre/millimetre receiver (SMR) and the OpticalThird Part Mission.
Spectrograph and InfraRed Imager System
(OSIRIS). The Odin mission involves close co-
operation with a number of scientific groups from
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Odin provides observations of the Earth's limb
during fifteen near-polar orbits each day. In récen
years the observation programme for the meso-
sphere has been significantly expanded with daily
measurements up to 110 km during the cold sum-
mer mesosphere season. A particular focus of these
measurements is on the properties and climatology
of mesospheric ice layers (noctilucent clouds,
NLC). These data have also given us important
new insights into the dynamic coupling between
different parts of the atmosphere. The Atmospheric
The Swedish-led Odin satelite was launched on February 20, 2001, as a co-  PNYSICS group remains strongly engaged in Odin's
operative effort of Sweden, France, Finland and Canada. entire aeronomy programme and the management
of the mission

Studies of noctilucent clouds
Jorg Gumbel, Kristoffer Hultgren, Bodil Karlssongeider Kornich, Jacek Stegman, Georg Witt

Noctilucent clouds (NLC) at about 82 km and theiinternational collaborations. A network on NLC
mesospheric environment continue to play a ceparticle size retrievals has been established in
tral role in MISU's atmospheric physics researct2008, involving various satellite-borne and ground-
During the summer months, NLCs are observed dased studies.
a virtually complete cloud cover at latitudes above
70° and with sporadic occurrence at latitudes dowi 2009, the Atmospheric Physics group organised
to 50°. The OSIRIS optical spectrometer onboar¢he 9th International Workshop on Layered Phe-
the Odin satellite provides unique opportunities tgomena in the Mesopause Region (LPMR) near
Study not on|y the seasonal and geographica| NL@OCkhOlm A Special issue with publications from
climatology, but also NLC particle properties bythis workshop is in print in the Journal of Atmos-
means of spectral analysis over a broad range [teric and Solar-Terrestrial Physics.
wavelengths. o

Publications
The spectral analysis has been applied to the sty & T o b o Usiner2008.
of NLC properties as a function of season and lati-
tude. The long database now available allows us $§kind D- E., M. Hervig, J. Gumbel, M. H. Steyéuar meso-

i . spheric cloud mass and the ice budget: 3. Appbeatif a coupled
perform comprehensive studies of year-t0o-yeade-chemistry-dynamics model and comparison witenkations, J.

variability, which in many cases can be related téeophys. Res., 112, D08303, doi:10.1029/2006JD(H 22307
the dynamical conditions in the middle atmos-
phere. Many of these efforts are carried out within

What caused the exceptional mid-latitudinal noctilu cent cloud event in July 2009?

Kristoffer Hultgren, Heiner Kérnich, Jérg GumbeleGrg Witt, in collaboration with Michael Gerding afPeter
Hoffmann (Leibniz-Institute of Atmospheric Physiighlungsborn, Germany), Stefan Lossow (Karlsrutstitute
of Technology, Germany), Linda Megner (Canadianc8p®gency, Montréal, Canada)

Noctilucent Clouds (NLCs) are rarely observed gierature data and measured by radar. We discuss
mid-latitudes. In July 2009, strong NLCs wergossible tidal effects on the transport and examine
recorded from both Paris and Nebraska, locatedtae general planetary wave activity during these
latitudes 48°N and 41°N, respectively. The maidays. The winds do not seem sufficient to transport
focus of this work is on the atmospheric conditionSILC particles long southward distances. Hence a
that have led to NLCs at these latitudes. We invecal formation is rather likely. In order to inwes
tigate to what extent these clouds may be explaingdte the possibility of local NLC formation, the
by local formation or by transport from highertCARMA microphysical model has been applied
latitudes. The dynamical situation is analyzed iwith temperature data from MLS as input. The
terms of wind fields created from Aura/MLS tem+esults from the large-scale datasets are compared
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to NLC observations by Odin and to local NLCwith cold temperatures during nighttime and tem-
temperature and wind measurements by lidar apératures above the limit for NLC occurrence dur-
radar. The reason for the exceptional NLC formang daytime. The best time for observing mid-
tion is most likely a combination of local temperalatitude NLCs is during the early morning hours.
ture variations by diurnal tides, advantageously

located large-scale planetary waves, and genef&fications

mesospheric temperature conditions that were Siltgren, K., H. Kérnich, J. Gumbel, M. Gerding, ioff-

10 K colder than in previous years. The resultg alghann, S. Lossow, and L. Megner, What caused theptanal
point 10 that NLCs are very uniikely (o occur aftine Noctlucent Cout esentJuy 220 A
latitudes below 50°N during daytime. This conclusgqg.

sion can be made from a tidal temperature mode

Mesospheric measurements of water vapour

Mikhail Khaplanov, Jérg Gumbel, Jacek Stegman, @&Witt, in collaboration with Stefan Lossow (now at
Karlsruhe Institute of Technology, Germany), J. &ltbP. Eriksson and Donal Murtagh (Chalmers Uniitgref
Technology, Sweden)

The Atmospheric Physics group continues to deolar vortex well into the mesosphere. Horizontal
velop and apply instruments for the measuremehumidity gradients in the vicinity of the vortex

of water vapour in the stratosphere and mesbeundary were found to be significantly larger than
sphere. Our sensitive technique utilises theuggested by current 2D model studies.

photolysis of water molecules by ultrav_|olget |IghTAt the same time, the Atmospheric Physics group
and the subsequent fluorescence emission frc

hydroxyl radicals mainly in the 0-0 vibrationalcommues close collaboration concerning global

band around 310 nm. Eor balloon-borne measurwater vapour measurements by the sub-millimetre

ments in the stratosphere. a "solar blind" da irr|’§3{diometer (SMR) onboard the Odin satellite. Wa-
P ! yt ter vapour is a tracer of dynamical processes and

\éelzsz‘(ljuno?efst:gnt:eecri]r?I?rl]Jee r%s\ﬁgre;ﬁgnegle E{Eﬁg rt]lgfthe studies conducted so far indicate that water
‘vapour variability on different spatial and time

ﬁ90ronnr1nétel?slffﬁr:\/net gz(resr:ogsevgro cg;nriﬁ;i gilof%"scales provide excellent diagnostic tools to invest
Y9 P ate the underlying dynamical processes. New

Eglri C‘?’P];{glrgjiii\évr;thaﬁg\\/,vv:rflz L)‘(?bplg ZE?}I iztsayasgg'?nxcnmg results on meso_spherlc water vapour have
ballbon campaigns. Both the stratospheric ardyso resul_ted from our involvement in ultraviolet

. ' ater retrievals based on OH fluorescence spec-
mesospheric hygrometer developments are clos ¥)scopy This technique is now being applied to
connected to the water vapour measurements %’Eiin/OSIIRIS
the Odin satellite, to the MAGIC rocket campaign )

and to our modelling studies in the middle atmogtpications

phere, Lossow, S., M. Khaplanov, J. Gumbel, J. StegmaWi, P. Dalin,
S. Kirkwood, F. J. Schmidlin, K. H. Fricke, andBJum: Middle

Complete measurements of the water vapour d'@nlos%he_ric vtvr?teL vapour anzdynamiqsintxte mi?& trr;c; polar
tribution from the tropopause to the mesopaug i c'e o0 20 po0s. o oSS
have been obtained from simultaneous in-situ _ _ _

. Lossow, S, Observations of water vapour in the kaidtimosphere,
rocket and balloon _measurements durlng the HVF\.D. thesis, Department of Meteorology, StockHdiriversity,
grosonde-2 campaign (Esrange, December 16ps.

2001) and the MAGIC Campaign (Esr‘:‘_mge, Janl@ﬂ’ban, J.,, N. Lautié, D. P. Murtagh, P. Erikssdf,Kasai, S. Los-

ary 10, 2005), complemented by overflights of theow, i Déllptéy,lJ.geLaNqé, u. ]frisga:\ﬂ. OlbergHE.Hlochmoén,bP.
: ; : - Ricaud: Global observations of middle atmospherter vapour by

Odin _Sa.telllt_e' Thre(_e rocket campaigns addressuﬁg Odin satellite: An overview. Planet. Space, $&, 9, 1093-1102,

the distribution of middle atmosphere water vapouoz.

_have nOW peen performed during winter Condi_tionl_%ssow, S., J. Urban, P.Eriksson, D. P.Murtaghd arGumbel:

in the vicinity of the polar vortex. The comparisortritical parameters for the retrieval of mesosplesiater vapour and

of the in situ results to meteorological data hagemperaiure ngGOgég’_Ss"‘{'sR gg“ob7mea5”reme”‘3 AHIZ., Adv.

revealed new details on small scale transpor o T

throughout the middle atmosphere. In genera{.lossow, S., J. Urban, J. Gumbel, P. Eriksson anMlrtagh: Obser-

. vations of the semi-annual oscillation (MSAO) irtevavapour by
these measurements suggest an extension of B/SMR, Atmos. Chem. Ph@s6527 - 6540, 2008.
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Lossow, S., J. Urban, H. Schmidt, D. R. Marsh,um@el, P. Eriks-
son and D. Murtagh: Wintertime water vapour in thear upper
mesosphere and lower thermosphere — First satelbservations by
Odin/SMR., J. Geophys. Res., 114, D10304,
doi:10.1029/2008JD011462, 2009.

mesospheric water vapour, J. Geophys. Res.,
doi:10.1029/2007JD009513, 2008.

Lossow, S., M. Khaplanov, J. Gumbel, J. Stegmawi, P. Dalin,
S. Kirkwood, F. J. Schmidlin, K. H. Fricke, andBJum: Middle

atmospheric water vapour and dynamics in the \igiof the polar
vortex during the Hygrosonde-2 campaign., AtmoenthPhys.
Discuss., 8, 12227-12252, 2008.

Stevens, M. H., J. Gumbel, M. Khaplanov, G. Witt,.Rsattinger, D.
A. Degenstein, and E. J. Llewellyn, First UV sételbbservations of

Mesospheric ozone retrievals from the Hartley Band
Jonas Hedin, Jérg Gumbel

The Hartley Band of ozone at ultraviolet waveRayleigh signal in the Hartley Band, ozone densi-
lengths below 300 nm gives rise to significant atties can be retrieved in the lower mesosphere be-
sorption in the limb direction up to above 80 kmtween 55 and 75 km. This complements the Cana-
This is utilised to retrieve global mesospheridian OSIRIS standard ozone product from longer
ozone concentrations from measurements by twavelengths (up to 60 km) and new OSIRIS ozone
Optical Spectrograph and Infra-Red Imager Syretrievals from the @ Atmospheric Band (above
tem (OSIRIS) onboard the Odin satellite. By ane70km).

lyzing the spectral dependence of the limb

Studies of the mesospheric metal layers
Jonas Hedin, Jérg Gumbel

The source of the metal layers in the upper mesA-robust retrieval algorithm has been developed
sphere between 80 and 105 km is the ablation lbdsed on a detailed radiative transfer model amd th
approximately 10-100 tons of interplanetary dugDptimal Estimation Method. This provides indi-
that enter the atmosphere each day. Observatioandual sodium density profiles with a typical accu-
of dayglow spectra by the Optical Spectrograptacy of 20% and altitude resolution of 2 km. Col-
and InfraRed Imager System (OSIRIS) onboardmn abundances and density profiles have been
Odin provide a global database for the climatologyalidated against the Na lidars at Fort Collins
of the mesospheric sodium, potassium and irgd1°N, 105°W) and at Urbana (40°N, 88°W).

layers. These atoms are part of a number of chemi-

cal cycles involving both ions and neutral specie
Our study addresses the relationship between t
free sodium density and the dynamic and chemics
evolution of the mesopause region. Obviousl:
sodium and related compounds are also close
connected to the objectives of the PHOCUS rock
project with its focus on metallic condensates i
the mesosphere. The following scientific topics ar
addressed in this study:
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Time-latitude plot showing the monthly mean morning Na column density in zonally
averaged 10° latitude bins from January 1,2004 to D ecember 31, 2009. Data are
shown for those months and latitude bins where the number retrieved sodium density
profiles with solar zenith angles < 92°exceeds 25. The Na D dayglow can not be
measured during the dark winter months.

» chemical modelling of the sodium layer

More than eight years of Na D limb observations
of the Na D dayglow at 589 nm are now available.
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Tomographic studies of noctilucent clouds

Kristoffer Hultgren, J6rg Gumbel, in collaboratiavith D. A. Degenstein and A. E. Bourassa (UnivgrsftSas-
ketchewan, Canada)

Limb-scanning satellites like Odin can providenultiple views through a given cloud volume and,
global information about the vertical structure ofhus, a basis for tomographic analysis of the verti
polar mesospheric clouds. However, informational/horizontal cloud structure. Algorithms for to-
about horizontal structures usually remains limitednographic analysis of mesospheric clouds are cur-
This is due to both a long line of sight and a longently being developed based on maximum prob-
scan duration. On six days during the northerability techniques. An important perspective is
hemisphere summer 2010, Odin was operated ircambined tomographic analysis of common vol-
special mesospheric mode with short limb scansne measurements by Odin/OSIRIS and the Cloud
limited to altitude range of polar mesospheritmager and Particle Size instrument (CIPS) on-
clouds. For Odin's Optical Spectrograph and Irboard the AIM satellite.

fraRed Imager System (OSIRIS) this provides

Global model simulations of mesospheric aerosols

Linda Megner and J6rg Gumbel, in collaboration with Rapp (Leibniz Institute of Atmospheric Physigsr-
many), and D. E. Siskind (Naval Research Laborato§A)

Meteoroids entering the Earth's atmosphere expecles are consistent with stratospheric balloon
ence strong deceleration and ablate in the mesoeasurements of the so-called CN (Condensation
sphere, whereupon the resulting material is b&tuclei) layer. This is particularly interesting st
lieved to re-condense to nanometre-size 'smokeeteoric smoke earlier, on the basis of the low
particles'. Due to the lack of other particleshist concentrations of meteoric particles suggested by
region, these particles are thought to be of greahe-dimensional models, has been disregarded as a
importance for many middle atmosphere phenoncause of this layer. The enhanced concentrations of
ena, for instance the formation of noctilucenimeteoric material in the winter vortex are of peten
clouds. The properties and distribution of meteoritial importance for stratospheric nucleation proc-
smoke depend on poorly known or highly variablesses, which in turn affect PSC and ozone destruc-
factors such as the amount, composition and veld@sn.

ity of incoming meteoric material, the efficiencly o

coagulation, and the state and circulation of tHgPlicatons

atmosphere. We have developed the first 2Megner, L., Minimal impact of condensation nuckamcteristics on
dimensional model which includes both transpof£sereie mesoseherc ce paperies Jotmatniohnerc and

and coagulation of meteoric material. For nanoio.

metre sized particles the effect of atmospheri€ Cifjegner, L, b. E. Siskind, M. Rapp, and J. Gumeétbal and

culation is prominent, as it efficiently transportsemporal distribution of meteoric smoke; a 2D siatioh study, J.
the particles to the winter hemisphere. Geophys. Res., 113, D03202, doi:10.1029/2007JDCQIH7 .

Megner, L., J. Gumbel, M. Rapp, and D. E. SiskiRelduced meteoric
At the same time the transport towards the wint&foke particle density at the summer pole — Imfioa for meso-
. . . Spheric ice particle nucleation, Advances in Sgaesearch, 41, 41-
pole and down into the polar vortex results in sigr, 200s.
n_|f|ca_1ntly hlgh(_%r concentrations of meteoric _matelVIegner, L., Meteoric Aerosols in the Middle AtmasphPh.D.
rial in the winter stratosphere than previouslyhesis, Department of Meteorology, Stockholm Usitgr2008.

thought. Our modelled number densities of parti-

Particle charging and ice nucleation in the mesosph ere

Jorg Gumbel, and Linda Megner, in collaborationtwi. Rapp (Leibniz Institute of Atmospheric Phydigsr-
many)

The properties of mesospheric clouds and theitiogla cerns the condensation nuclei for ice particlethate
ship to climate variability are today a major togt altitudes. The mesopause region coincides both tivéh
middle atmospheric research. A central question coablation altitude of meteoroids and with the iortesjc
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D-region. Consequently, both particles of meteoricocket experiments that address particle micropisyst
origin and cluster ions have been suggested astite charging and nucleation in this size regime.
condensation nuclei. In a comprehensive model study
we have investigated the feasibility and problemis A continuation of this study concerns the captufe o
both candidates. Ablated meteoric material forms meteoric smoke material by mesospheric ice pastide
global layer of nanometre-size "smoke" particleshi@ detailed coagulation model has been developed that
mesosphere, but the atmospheric circulation is eege takes into account the charge state of both smoke a
to transport these particles away from the polétuldes ice. For typical mesospheric conditions, an NLC ice
before they can grow large enough to become efficieparticle is predicted to collect thousands of sub-
as ice condensation nuclei. Cluster ions, on therot nanometre smoke particles, resulting in typical snas
hand, are subject to rapid recombination with felse-  mixing ratios of 0.1% to 1% smoke in the ice. These
trons before they can grow large enough to produgence of such "dirty" ice particles is potentiailbgpor-
stable ice particles. tant for both charging properties and optical props

of NLCs. Upon ice particle sublimation, partial eon
An important conclusion from this work is that cpad glomeration of the captured smoke into larger smoke
meteoric smoke particles can very efficiently ast agrains can be expected. This leads to a scenario of
nuclei for mesospheric ice. It is well establisfemm  NLCs breeding condensation nuclei for the next gene
rocket and radar measurements that charged smdi@n of NLCs.
exists in the D-region plasma. However, neither the
fraction of charged particles nor the relative solgf Publications
various charging mechanisms are today known. Op&fymbel, J., and L. Megner, Charged meteoric smekeeanuclei in
questions concern in particular the capture ratgs fthe mesosphere: Part 1 - A review of basic congéptstmos. Sol.
electrons and ions as well as the efficiency oftpho Ter Phys., 71, 1225-1235, 2009.
ionisation and photo detachment. It is the sizembke Megner, L., and J. Gumbel, Charged meteoric smekeeanuclei in
particles that makes these questions so diffiaulan- the mesosphere: Part 2 - A feasibility study, ddg. Sol. Terr. Phys.,
swer both from a theoretical and a laboratory pegsp 71,1236-1244, 2009.
tive. As nanometre-size smoke falls into the trdmsi Knappmiller, S., Rapp, R., Robertson, S., GumbeGhharging of
regime between molecular clusters and bulk pasjclemeteoric Smgkeh gtfgfjLcteel;agécr'ﬁ;?etsh%Qzﬁglsgfhmi% gggto'
"conventional” dusty plasma approaches are gegeraflf>*07 SC D) Physics, doi: 10.1016/j.jastp.2001.008, in print,
not applicable. Our work on these challenges has rgpi1.
sulted in suggestions for both laboratory and sownd

PHOCUS: A rocket study of particle interactions in the mesosphere
Jorg Gumbel, Mikhail Khaplanov, Jonas Hedin, JaBékgman, Thomas Waldemarsson

Intensive work has been going on in MISU's Atmos8 scientific groups in Sweden, Norway, Germany, -Aus
pheric Physics group to prepare the PHOCUS rockaia and the USA. Atmospheric composition and ice
project. PHOCUS (Particles, Hydrogen and Oxygeparticle properties are probed by a set of actind a
Chemistry in the Upper Summer mesosphere) willystudoassive optical instruments from the AP group. txgi
mesospheric particles and their interaction witkirth new instrument developments concern microwave radi-
neutral and charged environment. Starting out ffiost  ometers for in situ measurements of water vapolBat
ideas in 2005, PHOCUS has developed into a compraad 558 GHz by Chalmers University of Technology.
hensive venture that connects to a number of nedlv afharged particles are probed by impact detectans fr
renewed scientific questions. Interactions of ieser the University of Colorado (LASP), the University o
comprise the charging and nucleation of partictae, Tromsg (UiT) and the Leibniz Institute of Atmospier
relationship between meteoric smoke and ice, ard tRhysics (IAP), complemented by MAGIC particle sam-
influence of these particles on gas-phase chemibiry pling from the AP group. The neutral and chargeckba
particular, the role of meteoric particles as corsd¢ion ground state of the atmosphere is quantified by the
nuclei for mesospheric ice particles has recendgnb Technical University Graz, IAP, and the Norwegian
challenged. The possible redistribution of watgportae Defence Research Estab-lishment (FFI). Important
by mesospheric ice raises questions about locarsupground-based instrumentation includes the Esrange
saturation and gas-phase Ox/HOkemistry. A more lidar, the ESRAD MST radar and the SkiYMET meteor
controversial topic is the idea of heterogeneoufase radar.
chemistry on mesospheric particles.

The instrument developments connected to PHOCUS
PHOCUS is currently being prepared as a comprehenave led to participation of the MISU/IMI Atmospher
sive summer campaign from Esrange in 2011. Backbof#ysics group in several other international rogket
is a major rocket payload carrying 17 instrumentenf jects.
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Publications

Hedin, J., Rocket-borne in situ measurements imtidelle atmos-

phere, Ph.D. thesis, Department of Meteorologyci8tolm Univer-
PHOCUS rocket sity, 2009.
//\\ /(Qed\ post-flight ) . .
//\\ / smoke \ I/ t'gl \ Ra_pp, M., I. Strelnikova and J. Gumb_el, Meteomm!_;e particles:
ground-based ions [ | | particies TN Evidence from rocket and radar techniques., AdvaitSpace
( o | R \ U ) / TEM | Research, 40, 809-817, 2007.
TN AN F N [ (SUNRY) | _ _
[ NLC | P \‘\/,/ Amyx, K., Z. Sternovsky, S. Knappmiller, S. Robeytsl. Horanyi,
\ (idar) / / ; / ) \ and J. Gumbel, In-situ measurements of smokegestin the win-
N4 [chemistry, [ ice ’@\\ tertime polar mesosphere between 80 and 85 kr@dtjt J. Atmosph.
T e | oy ( = Sol. Terr. Phys., 70, 61-70, 2008.
PMSE ; 4 4 \@" Strelnikova, I., M. Rapp, B. Strelnikov, G. Baunegar A. Brattli, K.
\@ SN Svenes, U.-P. Hoppe, M. Friedrich, J. Gumbel, ang Bwilliams,
{ water A/ T,p ] ,@ Measurements of meteor smoke particles during @®NMA2006
[ (183GHz, )\“Ap, FFI), ((Mlsu \/-\Pj campaign: 2. Results, J. Atmosph. Sol. Terr. Pfi\ls.486-496,
\m8eta) ) N \asp)/ 2009.
N

Rapp, M., I. Strelnikova, B. Strelnikov, P. Hoffmakl. Friedrich, J.
Schematic overview of the experiments and collaborations that are part of the Gumbel, L. Megner, U.-P. Hoppe, S. Robertson, ﬁpﬂnnillerY M.
upcoming PHOCUS sounding rocket project for the investigation of particle interac- Wolff. and D. R. Marsh. Rocket-borne measurementeteor
tions in the mesosphere. ! - - X o .
smoke: charging properties and implications fors@eal variation, J.
Geophys. Res., 115, D00116, doi: 10.1029/2009J0#8,22010.

Rocket-borne photometry of noctilucent clouds
Mikhail Khaplanov, Jonas Hedin, Linda Megner, g@umbel, Jacek Stegman, Georg Witt

The German/Norwegian ECOMA programme (ExisPublications
tence and Charge state Of Meteoric smoke partioles
the middle Atmosphere) featured four rocket lausch
from Andgya, Norway, into the polar summer meso- . _
sphere in both 2007 and 2008. In 2007, this was—corHteg'_”rJ-%J- Gtt_’lmbe'i'\’l'- K(;‘aP'atEOVv?-W'“r JI'-JS:’QAOP“?E"
bined with two rocket launches of the American MAS Zoﬁﬁyzic';%? 26, 11001116 2008, T ANNAES
project (Mesospheric Aerosol Mass Spectrometerjh Bo

gner, L., M. Khaplanov, G. Baumgarten, J. Gumbehtegman, B.

these campaigns mveStlgatEd properties of meteo relnikov, and S. Robertson, Large mesosphegipacticles at

smoke particles in the upper mesosphere, theiraote gyceptionally high altitudes, Ann. Geophys., 2 9851, 2009.
tion with the ambient ionospheric D-region, andirthe

. L . . - Robertson, S., M. Horanyi, S. Knappmiller, Z. Stesky, R.
relation to mesospherlc ice partlcles (I'e" mastifes Holzworth, M. Shimogawa, M. Friedrich, K. Torkar,Gumbel, L.

noctilucent clouds and polar mesosphere summer eQlisgner, G. Baumgarten, R. Latteck, M. Rapp, U.-8ppe, and M. E.
oes). The MISU/IMI Atmospheric Physics group conHervig, Mass analysis of charged aerosol particie¥L.C and PMSE
tributed to all rocket payloads with ultravioletqthme-  during the ECOMA/MASS campaign, Ann. Geophys12173-1232,

ter for the characterisation of noctilucent clo(@id&C).

Witt, G., Size and shape of ice grains in the messgregion, Inter-
ational Journal of Remote Sensing, in print, 2011.

Rapp, M., |. Strelnikova, B. Strelnikov, R. Latte@kBaumgarten, Q.

NLC photometers have been developed further ingrept - Megner, J. Gumbel, M. Friedrich, U.-P. Hopped S. Robert-

. f th K . . hson, First in situ measurement of the verticalrébisition of ice vol-
ration of the PHOCL_JS rocket campa|_gn _'n 2011. Thgme in a mesospheric ice cloud during the ECOMA/SIASEket
PHOCUS payload will feature a combination of photoeampaign, Ann. Geophys., 27, 755-766, 2009.
metric measurements addressing thQ SPECtral depeﬂgﬁp, M., I. Strelnikova, B. Strelnikov, P. Hoffmall. Friedrich, J.
ence, angular _depen(_jence and p0|a_r|sat|0n depemdeggmbel, L. Megner, U.-P. Hoppe, S. Robertson, Spgmiller, M.
of NLC scattering of light. A related instrumergvél-  Wolff, and D. R. Marsh, Rocket-borne measurementeeteor
opment concerns the first measurement of NLC geattesmoke: charging properties and implications forszal variation, J.

) Geophys. Res., 115, D00116, doi: 10.1029/2009J0#8,2010.
ing at wavelengths as short as Lynaft21.6 nm). COPNYS. RES, 139, » do! DB,

Mesospheric O and NO concentrations from rocket-bor ne photometry
Jonas Hedin, Jacek Stegman, Mikhail Khaplanov, faugnbel, Georg Witt

Atomic oxygen (O) and nitric oxide (NO) are two spe component of the aeronomy of this region. NO can be
cies of major importance for the Earth’s middle asm formed in the lower thermosphere through dissamati
phere. Produced throudB, photolysis during the day, of N, by high-energy solar radiation or energetic parti-
O is the major carrier of chemical energy in thesme cles and subsequent reaction with ®O is an impor-
sphere and lower thermosphere (MLT) and thus a keynt compound in both neutral and ionic atmospheric
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chemistry as NO is the main ionised species in theOngoing work on ECOMA also includes co-analysis
lower ionosphere, and transport of NO to loweradies Wwith both satellite measurements and in situ NGsi&@n
and other latitudes leads to ozone destructionwbén tion measurements.
affect the atmospheric temperature profile.
Publications
Nighttime O and NO number densities are retrieveHedin, J., J. Gumbel, J. Stegman, G. Witt, and DM&tagh, The use
_ i f O2 airglow for calibrating direct atomic oxygemeasurements

from rockeF borne photometric measurementg of the )om sounding rockets, Atmos. Meas, Tech .2, 6212000,
Atmospheric Band @, A-band) andNO, Continuum

: i _ P . Enell, C.-F., Hedin, J., Stegman, J., Witt, G.glrich, M., Singer,
hightglow emlssmns: Th@g A-band emISSIOn_ is the W., Baumgarten, G., Kaifler, B., Hoppe, U.-P., Gusson, B.,
result of O recombination and thdO, Continuum Bgrandstrém, U., Khaplanov, M., Kero, A., Ulich, Turunen, E.,
emission is produced in the NO + O air-afterglowcre 2011. Thg Hotel Payload 2 qampaign: Overview of B@nd elec-
tion. This technique has been applied to photometg?” density measurements in the upper mesospiner&ower ther-
fliahts duri th di ket . ARImosphere. Journal of Atmospheric and Solar-Teri@shysics, in

Ights during the sounding rocket campaigns €ARIgnt qoi: 10.1016/).jastp.2011.01.001.
HotPay-1 and ECOMA from Norway in 2008 and 2010.

New methods for accurate measurements of atomic oxy  gen from sounding rockets
Jonas Hedin, J6rg Gumbel, Mikhail Khaplanov, JaBékgman and Georg Witt

Accurate knowledge about the distribution of atomiairglow photometer measurements and detailed aerody
oxygen is crucial for many studies of the mesosphenamic analysis. Night-time direct O measurements ca
and lower thermosphere. Direct measurements @& complemented by photometric detection of the O
atomic oxygen by the resonance fluorescence teubniq(blzg+-x3zg') Atmospheric Band at 762 nm, while dur-
at 130 nm have been made from several soundingtockng daytime the @(alAg-xszg') Infrared Atmospheric
payloads in the past. This measurement technigldsyi Band at 1.27 um can be used. The combination of a
atomic oxygen profiles with good sensitivity andi-al photometer and a rather simple resonance fluorescen
tude resolution. However, accuracy is a problem &gobe can provide both good accuracy and good heigh
calibration and aerodynamics make the quantitati@solution. A limitation is that most of our knowllge
analysis challenging. In general, accuracies bt a apout the reaction mechanisms underlying the night-
factor of 2 - 3 are not to be expected from digomic  glow inversion is based on the results from a sing|
oxygen measurements. Past measurements using {H€ket campaign in 1982. It is desirable to vetifis

resonance fluorescence technique show a spredwin {yith a new study based on complimentary measurement
measured O profiles by a factor of 50 while therenly  techniques.

a spread by a factor of 3 in the O profiles invérft®m
simultaneous photometric,@ightglow measurements. Publications

Better atomic oxygen number densities can be obdain€din J., J. Gumbel, J. Stegman, and G. Witt, 0b&®;
airglow for calibrating direct atomic oxygen measuorents

by combining direct techniques with complimentary Og. sounding rockets, Atmos. Meas. Tech., 2, 8212809.

Simulations of rocket-borne in situ measurements
Jonas Hedin, Jérg Gumbel

Much effort has been focused on both the developmemodel, was of central importance both for the desify

of new instruments and the development of apprtgriathe MAGIC experiment and for the analysis of the

analysis methods. Aerodynamic influences on rockeECOMA project by the Leibniz Institute of Atmos-

borne measurements play an important role in #s rpheric Physics, Germany. The second model, the

spect. We use a Direct Simulation Monte Carlo modeBrownian motion model, includes for the first tinte

the DS2V model by G. A. Bird, for detailed simutats statistical motion of smoke particles due to cals

of rarefied gas flows. During the recent years, ®omu-  with thermal air molecules in the air flow. The uking

lations have been applied to the analysis of a murob flow patterns from this model are closer to thd rea-

European and U.S. rocket experiments. tion of smoke particles, which is especially impoit

for the smallest particles. The Brownian motion elod

has been used to study the detailed aerodynampepro

ties of instruments launched from Andgya, Norwayd a
srange, Sweden. We intend to extend this model to

For many in situ probes, interactions with mesosphe
particles (ice or smoke), ions and electrons arpavt

ticular interest. We have developed two models th . :
trace particles in the air flow about payloads amd fi;gjsde the flow of ions, payload charging and slec

struments. The first model, the Continuous motion
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Publications Hedin J., J. Gumbel and M. Rapp, On the efficiesfapcket-borne
Hedin, J., J. Gumbel, T. Waldemarsson and F. Gieydhe aerody- gg?flt;((}jg;ectlon in the mesosphere, Atm. ChdmsP7, 3701-
namics of the MAGIC meteoric smoke sampler, Ad&imcSpace ’

Research, 40, 818-824, doi:10.1016/j.asr.2007 46,.2007.

Ground-based studies of "ice voids" in noctilucent clouds

Jacek Stegman, in collaboration with P.-D. Pauted 8. J. Taylor (Utah State University, USA)

Large, “virtually ice-free” regions have been de X
tected in the Polar Mesospheric Cloud fields by th
CIPS instrument on the AIM satellite. These re
gions have been referred to as “ice voids”. In th " L 2
satellite observations, these features appearals ¢ ¢
shape dark spots with diameters varying from tel
to more than hundreds of kilometres but typicall
about 300 km. It has been hypothesized that th 65
could be caused by heating due to energy depo
tion through breaking of gravity waves from local
ized, perhaps tropospheric sources. From satell.s
images only very limited information on the dy-
namical behaviour on the relevant time scales
these features is, so far, available. Now for tres f
time, an ice void has been registered by a groun e | 2
based camera in a noctilucent cloud display nor, : "
of Stockholm. The camera takes images every 3(
and the evolution of the void, its growth and it
motion could be followed during, at least 1 houl
This project aims at a detailed analysis of the d
namical conditions governing void events. 80

An "ice void" registered by a ground-based camera nocti-
lucent cloud display north of Stockholm on July2910 at
22:59UT.

Simultaneous observations of NLC from space and fro m ground

Jacek Stegman, in collaboration with P.-D. Pautdtiah State University, USA), S. Bailey (VirginialyRechnical
Institute, USA) and D. Rush (University of ColoradASP, USA)

Noctilucent Clouds (NLC) have been extensivelivore recently NLC/PMC have been extensively
observed and characterised from the ground sinstudied by the Swedish satellite Odin launched in
their first identification in 1885. It has beeryaed 2001. The AIM satellite mission, launched in
that NLC first appeared just around this time and007, is entirely dedicated to research into nectil
that they are important indicators for atmosphericent clouds. The Cloud Imaging and Particle Size
changes and variability. More recently it has als@CIPS) experiment on AIM is a wide angle (120°
been demonstrated that NLC properties and occuatong track by 80° across track) imager consisting
rence frequency are intimately related to the dwf four identical cameras arranged in a cross pat-
namic coupling processes on global scale. Noctern. CIPS is the first space borne instrument tha
lucent clouds were first detected from space by dakes images of PMCs with a high spatial resolu-
instrument on the OGO-6 satellite in 1972. It wason and in the viewing geometry that makes com-
also discovered that a permanent scattering laygarison with the ground imagery possible.
exists over the polar cup during the summer. NLCs
are now considered to be equatorward extensiofighce the summer 2004, photographs of noctilu-
of this permanent layer, also sometimes callezent clouds (NLC) are taken from the top floor
Polar Mesospheric Clouds (PMC). window of the Arrhenius Laboratory at the Univer-
sity Campus in Stockholm, Sweden (59.37°N,
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18.06°E). A digital camera takes every summend actual spatial scales has been developed. Here
night hundreds of images of twilight sky at theeratwe use a technique to re-project images to a hori-
of 1 to 2 pictures per minute. When observed armbntal plane developed from the method used to
photographed from the ground, noctilucent cloudsn-wrap airglow images. The observed star field is
are distorted by the geometry of the observationsed and here the layer altitude is assumed to be a
The spherical shape of the atmospheric layer whe82.5 km. In the re-projected images the NLC layer
NLCs reside and the refraction modify the shapeppears as seen from above on a horizontal plane
the size and the observed speed of the waves. aAd is represented with a linear scale and thus sui
technique to re-project these images to a horitontble for a comparison with images obtained from a
plane in order to correctly represent movementatellite-borne camera like CIPS.

Lidar measurements in the mesosphere

Mikhail Khaplanov, Jérg Gumbel, Jonas Hedin, Stdfassow, in collaboration with Peter Dalin, Peteoalger
(Institute for Space Physics, Kiruna, Sweden), lanH. Fricke (University of Bonn, Germany)

In 2005, the MISU/IMI Atmospheric Physics group has80 km. During the summer season, the daylight d&pab
taken over the responsibility for a powerful lidaistem ity of the system allows the monitoring and study o
at Esrange. The lidar was originally installed 897 by noctilucent clouds (NLC). The lidar system is tlous-

the University of Bonn. In the meantime, a comprehe cial as part of rocket projects that depend on Kedge
sive technology transfer from Bonn to MISU/IMI hasof the presence of NLC. In collaboration with Sveddi
taken place. The Esrange lidar is a central pathef Space Corporation (Esrange), a modernisation of the
ground-based equipment in the Kiruna region fodstu lidar's data acquisition system is in progress,cthn

ies of the mesosphere. In darkness, the Nd:YAG32 future will provide online access to the lidar data
system allows the retrieval of temperature profilpsto

The ACE satellite mission
Georg Witt

The ACE experiment onboard the Canadian SciSMesosphere Mission. As for measurements of water
satellite performs solar occultation measuremeims vapour and temperature, ACE has provided valuable
polar orbit since 2003. The experiment is dedicdated comparisons to the ODIN/SMR observations. Georg
the study of chemical processes up to the uppatostr Witt is currently adjoint to the ACE Science Team.
sphere including the key species involved in thentils-

try of Ozone. ACE comprises the two optical experiPublications

ments MAESTRO, a dual-channel UV/Vis/IR gratingcarleer, M. R., C. D. Boone, K. A. Walker, P. Frrggh, K. Strong,
spectrograph, and FTS, a BOMEM Fourier spectromet@r J. Sica, C. E. Randall, H. Vémel, J. Kar, M. fidp, M. Milz, T.

for the IR. As part of the FTS experiment, the nonvon Clarmann, R. Kivi, J. Valverde-Canossa, C.ifri§ M. R. M.
structured baseline of the IR spectrum is usedbtain 7o0'% [EiEY<S S SO0 R TTECETIRIET S,
information about the size, shape and compositin @alidation of water vapour profiles from the Atmbegic Chemistry
aerosol particles. These extinction measuremeri&s of Experiment (ACE), Atmos. Chem. Phys. Discuss439-4559,2008

an excellent opportunity of complementing the Odin

NLC observations, notably during the Odin Summer

ADDITIONAL PUBLICATIONS RELATED TO MESOSPHERIC PROC ESSES

Gattinger, R.L., A. Egeland, A.E. Bourassa, N.oytdl D.A. Degenstein, J. Stegman, and E.J. Lle-
wellyn., H Balmer lines in terrestrial aurora. Hdsical record and new observations by OSIRIS on
Odin., J. Geophys. Res., 2010JA015338R, (2010).
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DYNAMICAL COUPLING OF THE MIDDLE ATMOSPHERE

Global observations of noctilucent clouds, water vapour and ozone by the Odin satellite have been the
basis for comprehensive studies of middle atmosphere dynamics and coupling. The year-to-year vari-
ability in both the northern and southern polar summer mesosphere is surprisingly linked to the plane-
tary wave activity in the winter stratosphere in the opposite hemisphere. Various observations and
model simulations have confirmed the existence of this interhemispheric coupling and contributed to a
better understanding of the mechanism behind it. Comprehensive pre-launch studies for the ESA's
ADM/Aeolus mission are another example of ongoing research on middle atmosphere dynamics.

A simple model for the interhemispheric coupling of the middle atmosphere circulation

Heiner Kornich, in collaboration with Erich Beck@éreibniz-Institute of Atmospheric Physics, GermaBydil
Karlsson (Laboratory for Atmospheric and Space RisydJniversity of Colorado, USA), Linda Megner (@dian
Space Agency, Montréal, Canada), Theodore G. $hd@nd Charles McLandress (Department of Physics;
versity of Toronto, Canada), Stefan Lossow (notaatsruhe Institute of Technology, Germany), Jongn@bel

The interhemispheric coupling of the middle
atmosphere general circulation is characterized
by a global anomaly pattern of the zonal mean
temperature. This pattern reflects an anomalous
stratospheric and mesospheric residual circula-
tion, in which a weaker (stronger) stratospheric
winter circulation is linked to an upward
(downward) shift of its upper mesospheric
branch reaching from the summer to the winter
pole. This phenomenon is robust in observa-
tional data and several middle-atmosphere gen-
eral circulation models. In the present study, the
recently proposed mechanism of the interhemi-
spheric coupling is unequivocally proven within
the framework of a zonally symmetric model
that excludes any additional effects due to re-
solved waves and non-zonally propagating grav-
ity waves. Two simulations are conducted that
differ in the strength of the polar vortex. A
weaker polar vortex results in a downward shift
of the winter mesospheric gravity wave drag.
This leads to changes also in the summer upper
mesosphere via a feedback solely between grav-

Global coupling mechanisms observed in noctilucent

ity-wave breaking and the zonal-mean state. The
accompanying temperature anomaly reproduces
the pattern of the interhemispheric coupling.

Publications

Kérnich, H., and E. Becker, A simple model forititerhemi-
spheric coupling of the middle atmosphere circolatiAdv. Space
Res., 45, 661-668, doi: 10.1016/j.asr.2009.11.Q0L0.

6GWD>0

Winter
Pole

Summer

Pole Eq
Latitude

Schematic of the interhemispheric coupling for a stronger Brewer-Dobson
circulation in the winter stratosphere. The expressions T, GWD, and PWD denote
the temperature, the gravity wave drag, and the planetary wave drag, respective-
ly. The &-symbol indicates the variable’s anomaly during the stronger Brewer-
Dobson circulation in comparison with the mean state. The height regions are
marked by the tropopause (TP), stratopause (SP), and mesopause (MP).

clouds

Bodil Karlsson, Joérg Gumbel, Heiner Kérnich, Kriffer Hultgren, in collaboration with Stefan Loss@arlsruhe

Institute of Technology, Germany)

The occurrence of noctilucent clouds is highlyperiod of a solar cycle. This provides an excellent
sensitive to the meteorological conditions in theasis for studies of mesospheric conditions on
clouds upper mesopheric environment. These coseasonal and interannual time scales. Related stud-
ditions are in turn governed to a large extent bigs are performed in collaboration with the U.S.
dynamical control from other parts of the atmosAeronomy of Ice in the Mesospere (AIM) mission.
phere. Hence, noctilucent clouds serve as conveBeveral of these studies have focused on the inter-
ient tracers for these global coupling processdsemispheric coupling between the winter strato-
The database of noctilucent cloud observations Isphere and the polar summer mesosphere. New
Odin now covers 10 years and, thus, almost tl®udies concern intra-hemispheric coupling be-
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tween stratospheric and mesospheric conditiorfgPlications
Of particular interest are mechanisms by which th&risson B., H. Kérnich, J. Gumbel: Evidence faefihemispheric

; tratosphere-mesosphere coupling derived from lueetit cloud
winter polar vortex may _control the onset of _th%roperties, Geophys. Res. Lett,, 34, L16806,
subsequent summer noctilucent cloud season in d¥£10.1029/2007GL030282, 2007.
same hemlsphere' Karlsson, B., C. McLandress, and T. G. Shephenterhemispheric
mesospheric coupling in a comprehensive middle spimere model.,

J. Atmos. Solar Terr. Phys., 71, 518-530, 2009.
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Southern hemispheric occurrence frequencies of noctilucent clouds obtained by Odin/OSIRIS. Data represent the latitude band 70-8501 and are plotted for the southern summer
seasons 2002/2003 until 2010/2011. Note the large year-to-year variability in the start of the southern NLC seasons. In contrast, there is little variation at the end of the season.
Occurrence frequency is defined as the number of NLC observations devided by the total number of observations performed by OSIRIS. Dashed lines in the plot indicate

periods of missing data when Odin was operated in non-mesospheric modes.

Zonal asymmetries in middle atmospheric ozone and w
2010

ater vapour derived from Odin satellite data 2001—

Heiner Kornich, in collaboration with Axel Gabridbeniz Demirhan Bari and Dieter Peters (Leibniztitoge of
Atmospheric Physics, Germany), Stefan Lossow (KdmsInstitute of Technology, Germany)

Based on Odin satellite data 2001-2010 we in-
vestigate stationary wave patterns in middle
atmospheric ozone @pand water vapour ((D)

as indicated by their seasonal long-term means
of the zonally asymmetric components. At mid-
and polar latitudes of northern and Southern
Hemisphere, we find a pronounced wave one
pattern in both constituents. In the Northern
Hemisphere, the wave one patterns increase
during autumn, maintain their strength during
winter and decay during spring, with maximum
amplitudes of about 10-20% of zonal mean val-
ues. During winter, the wave one in stratospheric
O3 is characterized by a maximum over North
Pacific/Aleutians and a minimum over North
Atlantic/Northern Europe and by a double-peak
structure with enhanced amplitude in the lower
and in the upper stratosphere. The wave one in
H,O extends from lower stratosphere to upper
mesosphere with a westward shift in phase with
increasing height including a jump in phase at

BIENNIAL REPORT 2009 -

upper stratosphere altitudes. In the Southern
Hemisphere, similar wave one patterns occur
during southern spring when the polar vortex
break down. Based on a simplified tracer trans-
port approach we explain these wave patterns as
a first-order result of zonal asymmetries in mean
meridional transport by geostrophically balanced
winds, which were derived from combined tem-
perature profiles of Odin data and Reanalysis
data (ERA Interim) of ECMWF (European Cen-
tre of Medium-Range Weather Forecasts), and
associated mean geopotential height anomalies.
Further influences which may contribute to the
stationary wave patterns, e.g. eddy mixing proc-
esses or temperature-dependent chemistry, are
also examined.

Publications

Gabriel, A., H. Kornich, S. Lossow, D. Peters, thah and D.
Murtagh, Zonal asymmetries in middle atmospheranezand
water vapour derived from Odin satellite data 20G81t0. Atmos.
Chem. Phys. Discuss., 11, 2011.
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Vertical Aeolus measurement positioning

Heiner Kornich, in collaboration with Ad StoffeléBert-Jan Marseille, Karim Houchi and Jos de KI&&NMI),
David Tan (ECMWF), Harald Schyberg (Norwegian Mebdagical Institute), Anne Grete Straume and Olivie
LeRille (ESA)

ESA's Earth Explorer Atmospheric Dynamics Misfadiosonde observations. For the chosen experi-
sion Aeolus will provide global line-of-sight wind ment configuration, Aeolus provides tropospheric
profiles after its launch planned for 2013. The-veimpact especially over the oceans, in the Tropics
tical sampling is limited to 24 range gates both iand in the Arctic. The Aeolus impact propagates
the receiver channels up to a height of about 3@rtically into the stratosphere related to gravity
km. Two aspects are assessed in this study. Firstlyaves on short time-scales and to large-scale
it is examined whether it can be assumed that tRossby waves on longer time-scales. The strongest
line-of-sight wind measurement by the lidar ismpact on the stratospheric analysis is provided by
always dominated by its horizontal component. the Aeolus sampling scenario which focuses on the
is questionable whether this assumption holds faipper Troposphere/Lower Stratosphere region.
tropical dynamics. The occurrence of tropical con-

vective updrafts and their impact on the Aeolugblicatons

measurement will be assessed. Furthermore, itSiffelen, A., H. Kornich, G.-J. Marseille, K. Hbijaand J. de Kloe,
examined how different vertical sampling SCeNafoy Fecreal Not, LoTEC. Nomwilt The Nl o

ios for Aeolus affect the forecast quality in the i
Kdrnich, H., and H. Schyberg, 2010: Impact of tkeetiéal Sampling

troposphgre_ and stratosphere. To t.hIS aim, a NeW.narios on NWP and Stratospheric Wind Analysishiiical Note,
data assimilation ensemble technique was USESTEC, Noordwijk, The Netherlands.

WhiC_h allows to estimate Fhe i_mpaCt of futu_re ObKb’rnich, H., D. Tan, and G.-J. Marseille, 2011: lagp of different
serving systems_ The estimation were carried omolus sampling scenarios on the stratosphericysigl In prepara-
with the 4D-variational data assimilation of thé°™

ECMWEF operational system. It is demonstratet§ornich, H., 2011: The impact of strong convectiperafts on line-

that the impact of Aeolus in the troposphere al,]o s;g:;g;?orr?easurements from a space-borne Roppind lidar.

stratosphere is comparable to the impact of the

ADDITIONAL PUBLICATIONS related to atmospheric dyna  mics

Graversen, R.G., E. Kallén, M. Tjernstrom, H. Kémi Atmospheric mass-transport inconsistencies in
the ERA-40 reanalysis., Q. J. R. Meteorol. Sog, #18i: 10.1002/q;j.35, 2007.

Kdrnich, H., and E. Becker: The influence of tteptrispheric annular mode on the polar night jetilvac
lations in a simple global circulation model, sulted to J. Geophys. Res., 2008.

STRATOSPHERIC CLOUDS, AEROSOLS AND COMPOSITION

Renewed efforts of the Atmospheric Physics group have been focused on the stratosphere and upper
troposphere as an important part of our climate system. On the one hand, this concerns cloud formation
and exchange processes in the upper troposphere and lower stratosphere (UT/LS). On the other hand,
this concerns the physics and chemistry of polar stratospheric clouds, including their dependence on
stratospheric dynamics and their influence on the ozone-related chemistry. Our primary experimental
tools for these studies are the Odin satellite and the Esrange lidar.

The stratospheric mission of the Odin satellite

Farahnaz Khosrawi, Jacek Stegman, Jorg Gumbel, G¥®¥itt, Stefan Lossow (now at Karlsruhe Institutd ech-
nology, Germany)

The main scientific goal of Odin is to explore thénas been fully devoted to atmospheric studies. The
middle and upper atmosphere. Since the end of ttveo instruments onboard are the submillime-
astronomic part of the Odin mission, the satellitee/millimetre receiver (SMR) and the Optical
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Spectrograph and InfraRed Imager Systemhird Part Mission. Odin provides observations of
(OSIRIS). The Odin mission involves close cothe Earth's limb during fifteen near-polar orbits
operation with a number of scientific groups froneach day. In basic stratospheric mode, Odin scans
the other participating nations — Canada, Frantke Earth's atmosphere between 7 and 60 km. A
and Finland. Odin is the third scientific satellite particular focus of these measurements is on the
a series of Swedish small satellite projects supnderstanding of the chemistry and dynamics of
ported by Swedish National Space Board and othigre stratosphere, in particular processes related t
national agencies. It is today operated as an ESfratospheric ozone depletion.

Evaluation of chemical transport model and chemiste ry-climate model simulations in the lower stratosph ere

Farahnaz Khosrawi, Rolf Muller (FZ Jilich), Michddl Proffitt (Proffitt Instruments, USA), Roland fitke (FZ
Karlsruhe, Germany), Ole Kirner (FZ Karlsruhe, Gemy), Patrick Jockel (MPI for Chemistry, Germanjgns-
Uwe Grogs (FZ Jilich, Germany), Joachim Urban (Chalmers, &kitrg), Donal Murtagh (Chalmers, Goéteborg),
Hideaki Nakajima (NIES, Japan)

1-year data sets of monthly averaged nitrous oxidedin/SMR as a reference, thus, showing that the
(N,O) and ozone (@ derived from satellite meas- results are not influenced by the particular siatell
urements were used as a tool for the evaluation @éta set used for the evaluation. The evaluation of
atmospheric photochemical models. Two 1-yed&lLaMS, KASIMA and E5M1 shows that all mod-
data sets, one derived from the Improved Limbls are in good agreement with Odin/SMR and
Atmospheric Spectrometer (ILAS and ILAS-II)ILAS/ILAS-II. Differences are generally in the
and one from the Odin Sub-Millimetre Radiometerange of +20%. Larger differences (up to -40%)
(Odin/SMR) were employed. These data sets aaee found in all models at 500+25 K for N2O mix-
used for the evaluation of two Chemical Transpoihg ratios greater than 200 ppb. Generally, the
Models (CTMs), the Karlsruhe Simulation Modelargest differences were found for the tropics and
of the Middle Atmosphere (KASIMA) and thethe lowest for the polar regions. However, an un-
Chemical Lagrangian Model of the Stratospherderestimation of polar winter ozone loss was found
(CLaMS) as well as for one Chemistry-Climatédoth in KASIMA and E5M1 both in the northern
Model (CCM), the atmospheric chemistry generand southern hemisphere.

circulation model ECHAM5/MESSy1 (E5M1) in

the lower stratosphere with focus on the northeffjPicatons

hemisphere. Since the Odin/SMR measuremerngesrawi, F., R. Miller, M. H. Proffitt, R. Ruhnka,Kirner, P.

cover the entire hemisphere, the evaluation is p%l?_ckel, J.-U. Grog, J. Urban, D. Murtagh, H. Nakajima, Evaluation

) - CLaMS, KASIMA and ECHAM5/MESSy1 simulationbéniawer
formed for the entire hemisphere as well as for th@atosphere using observations of Odin/SMR an@®MNIAS-II, 9,
low latitudes, midlatitudes and high latitudes gsin>759-5783. 2009.
the Odin/SMR 1-year data set as reference. Koosrawi, F., R. Miller, M. H. Proffitt, J. Urbal. Murtagh, R.
assess the impact of using different data sets fg}fnke, J.-U. GrooB, H. Nakajima, Seasonal cycivefages of

. . R nitrous oxide and ozone in the Northern and Soutttemisphere
such an evaluation study the evaluation is repeat&fﬂgr, midlatitude and tropical regions derived find LAS/ILAS-II and
for the p0|ar lower Stratosphere using th@din/SMR observations, Journal of Geophysical Reted 13,
ILAS/ILAS-Il data set. Only small differences P18305 doi:10.1029/2007JD009556, 2008.

were found using [LAS/ILAS-II instead of

Can dynamical processes in the tropics cause except ionally high N 2O mixing ratios in the lower strato-
sphere?

Farahnaz Khosrawi, Rolf Muller (FZ Juelich, Germany. H. Proffitt (Proffitt Instruments, USA) , lirban
(Chalmers, Goteborg) and Donal Murtagh (Chalm&éteborg)

A modified form of tracer-tracer correlations ofOdin-Sub Millimeter Radiometer (Odin/SMR) we
N.O and Q has been used as a tool for evaluaticfound large differences between model simulation
atmospheric photochemical models. Thereby, trend Odin/SMR observations in the tropics. The
data is organized monthly for both hemispheres by,O averages we derived from Odin/SMR obser-
partitioning the data into altitude (or potentiaht- vations at potential temperature levels between 500
perature) bins and then average over a fixed inteand 650 K were much higher than thgON\values

val of N,O. In our recent model evaluation studywe derived from the model simulations. Further,
where we applied satellite observations from théhese values are much higher than what up to know
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has been measured. Validation studies compariegnted in the model simulations. To test this hy-
Odin/SMR NO data with other data shows that th@othesis our method has been applied to other sat-
Odin/SMR NO data is of good quality. Further,ellite data sets with a high coverage in the trepic
checking the method we applied did also not reveas e.g., MLS and CRISTA, however could not find
any errors. Since our data is averaged over binstbE same behavior in these data sets as in
fixed N,O we found that these bins contain a rel&®@din/SMR. Since the cause of these values is still
tively low number of data points compared to thaot clear research on this is ongoing.

other bins. Furthermore, these values occur with a

seasonal dependence showing a maximum in wilications

ter and a minimum in summer. Thus, since wihosrawi, F., R. Miller, M. H. Proffitt, R. Ruhnkg.Kirner, P.
gckel, J.-U. Grog, J. Urban, D. Murtagh, H. Nakajima, Evaluation

cannot find an error in our analyses or in thi e J\is kASIMA and ECHAMS/MESSy1 simulationfériower
Odin/SMR data, a scientific explanation could betratosphere using observations of Odin/SMR an®ILAS-II, 9,

that these high values are caused by local dynarhi>9-5783.2009.
cal processes in the tropics that are not welleepr

Lidar measurements in the stratosphere

Peggy Achtert, Mikhail Khaplanov, Farahnaz Khosra8tefan Lossow, Jonas Hedin, Kristoffer Hultgirg
Gumbel, in collaboration with Peter Voelger (Insté for Space Physics, Kiruna, Sweden), Ulrich BIKrH.
Fricke (University of Bonn, Germany)

In 2005, the MISU/IMI Atmospheric Physics
group has taken over the responsibility for a lid
at Esrange. The lidar was originally installed i
1997 by the University of Bonn. The Kiruna regio
was chosen as a location mainly to contribute
efforts to unravel the stratospheric ozone proble
The Esrange lidar provides today stratospheric a
mesospheric measurements of clouds, aerosols
temperatures. In addition to basic scientific stgdi
the lidar has thus developed into an important to
for balloon and rocket campaigns. Temperatu
data are also provided to ESA as part of the Met
validation programme. The lidar system has r
cently been extended with Rotational Raman ch
nels for accurate temperature masurements in
presence of aerosols and clouds. Upcoming dev
opments will focus on improved characterisation
clouds and aerosols. A new focus is on the str
ture of the high-latitude upper troposphere al
lower stratosphere (UTLS). These studies wi
make use of a comprehensive instrumental set
with the Esrange lidar, the ESRAD radar, and
new ozone lidar at the Swedish Institute of Spal
Physics, in proposed combination with in situ bal-

loon soundings. In collaboration with Swedishlz e ot s e fhe sy mosphere st grow ok
Space Corporation (Esrange), a modernisation of

the lidar's data acquisition system is in progress,

which in future will provide online access to the

lidar data.
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Occurrence and properties of polar stratospheric cl ouds

Peggy Achtert, Farahnaz Khosrawi, Jorg Gumbel, MikKhaplanov; Ulrich Blum and K. H. Fricke (Univeity
Bonn, Germany); Stefan Lossow (Karlsruhe Institit€echnology, Germany); Peter Vdlger (IRF Kiruaag
others

Polar stratospheric clouds (PSCs) play a key role
stratospheric ozone depletion. They are also se
tive indicators for the variability of the polar
stratosphere where global cooling has beco
evident. Apart from that the exact formatio
mechanisms of PSCs are still unclear, especially
the Arctic where dynamic conditions are mor
complex than in the Antarctic. Local cooling b
waves can provide conditions required for PS
formation. Our specific question is to investigat
how local stratospheric conditions control the fo
mation and properties of PSCs in the Arctic as we
as their interaction with ozone. Our goal is to-pe
form combined analyses of PSCs, atmosphe
dynamics, and the local stratospheric environmerfs
A combination of measurements from the spact
borne CALIPSO lidar with the two ground-basec
lidar systems in the Kiruna region and the one
Alomar will be applied for simultaneous analyse
of PSC properties and local stratospheric cond
tions. The lidar located at Esrange will be equibpegs
with additional Rotational-Raman channels fo

simulations of air parcel history and PSC condg
tions are an important part of the data analysis. O

combined results on PSC particle properties, terfhe. 5 fece roi in ozone chemisiy and are a cental scbject of MSUIMIS
perature structure and dynamics will be investpatelite andlidar studies. (Photo by Peggy Achtert)

gate_d using a microphysical pox m_odel. Mo_reove.g,Ublications

detailed studies of PSC particle microphysics will

be performed using the Community Aerosol an@chtert, p., F. Khosrawi, U. Blum, and K. H. Frickevestigation of

Radiation Model for Atmospheres (CAR |\/|A)_ Polar Stratospheric Clouds in January 2008 by meainground-
based and space-borne lidar measurements and nfigsigal box

model simulations]. Geophys. Reslpi:10.1029/2010JD014803,
2011

Denitrification, dehydration and formation of polar stratospheric clouds

Farahnaz Khosrawi, Peggy Achtert, Mikhail Khaplantlrich Blum and K. H. Fricke (University Bonn, Ge
many); Peter Volger (IRF Kiruna); Joachim Urban aDdnal Murtagh (Chalmers, Géteborg) and others

Polar stratospheric clouds (PSC) play a key role oles and finally fall out (sediment) of the strato-
stratospheric ozone depletion since heterogeneaphere. The sedimenation of the solid particles can
chemical reactions on the surfaces of the cloddad either to a dehydration (removal of(H or a
particles activate halogen compounds which leatknitrification (removal of HNg) of the strato-

to the observed ozone destruction. PSCs asphere. The denitrification limits the deactivation
formed during polar winter when temperatures fajprocess in springtime allowing the ozone-
below -83°C. PSCs are either liquid or solid andestroying catalytic cycle to last longer. Though
are composed of water {8), sulphuric acid PSC formation has been studied quite well, some
(H,SO,) and nitric acid (HNG). Solid PSC parti- processes still remain uncertain. In particulag th
cles can grow to larger sizes than liquid PSC parxact formation mechanism of the solid particles
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which cause the denitrification is still under dieha ences and on climatological aspects. This research
Satellite measurements have a good potential fafll provide a better understanding of the chemical
investigating the chemical composition and physand dynamical processes in the Arctic and Antarc-
cal state of PSCs and dehydration and denitrificiic which lead to the ozone hole.
tion processes. Besides their high temporal and
spatial resolution they also provide data in botPyPlications
hemispheres. Thus, in this project it is intended Khosrawi, F, J. Urban (Chalmers, Goteborg), M. G$ (NASA,
use satellite measurements in combination wi ':?;3{1 (%igl)mirsv%%f;égg)g;‘é"?HpSET;";\;;‘;@'%%%D
model simulations to investigate the formation o&ermany), Denitrification and polar stratospherioad formation
solid PSC particles as well as denitrification anghring the Arctic winter2009/2010, Atmos.Chem.Fbigsuss., 11,

) . . . 11379-11415, 2011.
dehydration processes in the Arctic and Antarctic.
Especially, we will focus on hemispheric differ-

The STEAM / PREMIER satellite mission
Jorg Gumbel, Jacek Stegman

The Atmospheric Physics group has earlier beass Exploration through Measurements of Infrared
involved in the Phase Al study for the new atmosind millimetre-wave Emitted Radiation), that has
pheric satellite mission STEAM (Stratospherebeen proposed to ESA as an Explorer mission.
Troposphere Exchange And climate Monitor). ThH@REMIER aims at investigating natural and an-
Stratosphere-Troposphere Exchange And climatleropogenic processes that control the composition
Monitor (STEAM) satellite project is dedicated toof the global atmosphere and their interaction with
the investigation of chemical, dynamical, and raslimate. The MISU/IMI Atmospheric Physics
diative processes in the upper troposphere agdoup participated actively in the STEAM phase-
lower stratosphere (UT/LS). Important questiondl1 study. The group’s main interest was the defi-
concern the evolution of Earth's climate in thistpanition of an optical instrument on STEAM for the
of the atmosphere. The concept of STEAM hadetection and characterisation of clouds and aero-
now become part of the PREMIER project (PRocsols.

TROPOSPHERIC AEROSOL STUDIES

MISU/IMI's Atmospheric Physics group has broad experience in studying aerosol and cloud processes.
The examples below show how this experience is applied also to tropospheric questions. This includes
both experimental and modeling approaches.

Aerosol formation in the Arctic free troposphere

Farahnaz Khosrawi; Johan Strom (ITM, Stockholm rsity); Andreas Minikin (DLR Oberpfaffenhofen, Ger
many)

See Chemical Meteorology under “Reactive tracegas®osol particles and precipitation chemistry

New particle formation in remote Northern American forests under the sulfur plume influence

Vijay Kanawade and Mark E. Erupe (Kent State Ursing, USA), Barry Lefer (University of Houston, A)JSTom
Jobson (Washington State University, USA), S. Mallr (Indian Institute of Technology, India), SbglPressley
(Washington State University, USA), Farahnaz Khasrand Shan-Hu Lee (Kent State University, USA)

See Chemical Meteorology under “Reactive tracegas®osol particles and precipitation chemistry

Bi-static lidar studies of cirrus particle properti es

Georg Witt, in collaboration with Frans OlofssomnIB. C. Pettersson (Goteborg University, Swedéri¢! Cohen
(Hebrew University of Jerusalem, Israel), and Mided (ALOMAR Observatory, Andgya, Norway)

See Chemical Meteorology under “Reactive tracegasosol particles and precipitation chemistry
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ARCTIC STUDIES

The Polar Regions are the primary heat sinks for the global atmosphere and the Arctic Ocean with its
sea ice is an important component of the global climate system. In recent years, the Arctic climate has
experienced a rapid change, with a near-surface temperature increase over the last several decades at
about twice that of the Earth on average. Many other climate-change signals also appear, for example, a
rapid decline in sea-ice cover and thickness and a reduction of permafrost areas. This trend has at-
tracted a significant scientific interest recently, with the abrupt ice retreat during the summer of 2007 to
a new record low since satellite observations started. The loss of ice volume is likely even larger. Cli-
mate models suggest that this trend will continue and project an ice-free summer Arctic Ocean within
this century. Although many hypotheses have been put forward, there is still inadequate scientific un-
derstanding of the underlying mechanisms to explain this apparent climate sensitivity.

The sea ice exerts a strong control of low-level atmospheric conditions and plays a major role in regulat-
ing fluxes of energy and matter at the surface, across the ocean/ice/atmosphere interface. In spite of a
considerable effort, there is not yet a clear understanding of several important feedback mechanisms
within the Arctic climate system, involving for example ice, turbulent fluxes, aerosols, clouds, radiation
and marine biology. Consequently, current climate models perform poorly in the Arctic and the uncer-
tainty in scenarios of future climate is larger here than elsewhere. The amount of empirical data on Arc-
tic climate processes is inadequate to allow a proper description of them in climate models. This is in
part related to the paucity of process-level in-situ observations in the Arctic. This in turn is explained by
the difficulty to make permanent instrumental installation on the perennial drifting sea ice. The hostile
conditions make all direct measurements with current technology difficult. Long-term monitoring of Arctic
climate from space-borne instruments also suffers from a lack of ground-truth measurements for valida-
tion and development of new improved inversion algorithms.

Recent technology advances together with the urgent need for an increased understanding of the proc-
esses that regulate the Arctic climate has made the time ripe for a coordinated international initiative to
advance the understanding of the climate of the region. The International Council for Science (ICSU)
and the World Meteorological Organization (WMOQO) have jointly taken the lead in the organization of an
International Polar Year (IPY) in 2007 and 2008. About 30 countries, including Sweden, both within and
outside Europe have planned major involvements during IPY. The Arctic Summer Cloud Ocean Study
(ASCOS) stands as one large Swedish initiative to be launched in the summer of 2008. For more details
on ASCOS see the section below.

The work on Arctic climate processes at the institute is based on the expertise in boundary layer and
mesoscale meteorology and in chemical meteorology. It has strong foci on the interaction between ma-
rine biology — aerosol — cloud formation, and between aerosol formation — boundary-layer fluxes — radia-
tion — clouds. A very strong component of this research evolves around the organization of icebreaker-
based field experiments to the central Arctic basin, where the institute has an internationally leading
role. There are also regional climate-modeling activities, within the ARCMIP program. The importance of
larger-scale dynamics is also studied using large-scale model (reanalysis and global modeling) results.

ASCOS (The Arctic Summer Cloud Ocean Study)
Caroline Leck and Michael Tjernstrém

ASCOS (http://www.misu.su.se/~michaelt/ASCO®ased on the Swedish icebreaker Oden, in the
/ASCOS.htm) is an interdisciplinary research prosummer of 2008. ASCOS is a direct contribution to
gram evolving from an Arctic field experimentthe International Polar Year (IPY). The ultimate

BIENNIAL REPORT 2009 - 2010 71



RESEARCH ACTIVITIES

objective is to understand processes that areyootlirally week, and would not hold to anchor an ice-
described in current climate models. ASCOS wilbreaker. The weather conditions were also unex-
improve our understanding of processes that copectedly severe, with several relatively strong
trol the evolution of clouds over the Arctic packweather systems passing during the first phase,
ice area, with an integrated study from the oceanaking the deployment of instruments in masts on
through the sea-ice interface and the cloud-toppé#ke ice difficult. After this initial period, the
boundary layer up into the troposphere. The inteweather settled down but with frequent periods of
disciplinary approach included marine biochemisdense fog making Polar Bear security difficult. The
try, aerosol and cloud chemistry/physics, and mé¥st half of the ice drift was characterized byltne
teorology. ing conditions, with a positive net radiation and a
reasonably well mixed boundary layer. A cold
The ASCOS team of 33 scientists from 16 researdpisode half way through the ice drift, with tem-
groups in 10 countries deployed on the icebreakperatures down to -6 °C caused by cold-air advec-
Oden in Longyearbyen on Svalbard on 31 Julyion (surface temperature higher than air tempera-
2008. After a brief start-up and installation phastire), was followed by a stationary high-pressure
in the fjord off Longyear-byen, Oden departed iperiod with low clouds and temperatures around -2
the afternoon of 2 August and headed north for th€; this can be seen as a preconditioning to the
pack ice. After research stations in the open watfreeze-up that started towards the end of August
south of the ice and a marginal ice zone statiowjth temperatures falling below -12 °C.
Oden headed north through the ice and arrived to
its ice-drift position slightly north of 87°N on 13 ASCOS was a great success. We monitored the
August, after having spent two days scouting for ertical structure of the atmosphere and the ocean
appropriate ice floe to anchor to. ASCOS remaindaklow the ice, with both in-situ and remote sensing
drifiting in general westward with this same icenstruments. We also monitored the structure and
floe until the midnight between 1 and 2 Septembephase of precipitation and clouds and the energy
Oden was back where in Longyearbyen on thH&ixes at the surface. We also had comprehensible
morning of 9 September. During the almost thresampling of chemical and physical properties of
week long ice-drift period we maintained a suit oderosols in a specially built laboratory on Oden’s
meteorological and gas and particulate phageéh deck; atmospheric trace gases were also sam-
chemistry observations onboard while establishinged here. Excitingly, micro-gel precursors to aero
micrometeorological, oceanographic and maringols were abundant both in the so-called ocean
biogeochemistry observation sites on the ice, bothicro-layer, the uppermost ocean surface water,
in proximity to Oden and at a remote location 3 krand also in the fog water. The bubbles that bring
away on the same ice floe. these from the water into the air were also abun-
dant. We brought back large amounts of unique
The ice conditions for deployment of observationdata on such aspects as multi-phase clouds and
on the ice were more difficult than expected. Theelated aerosol properties, and links between aero-
ice south 87°N was reasonably thick (2-3 m) buols and the marine biology that will keep us busy
riddled with a multitude of melt ponds and strucfor years.

Modeling climate variability of the Arctic Ocean in past and future climates with special focus on cha nging
sea-ice

Sebastian Martensson, Markus Meier

This project aims to further improve our underOcean by incorporating an advanced multi-
standing of the long-term variability of the Arcticcategory sea ice model.

sea ice and its role in future climate. At the pobj

start it was felt that many climate models produdeuture work includes a fully coupled (ocean and
too large errors due to inadequate representafionasmosphere) version for producing transient sce-
the sea ice component. Therefore we have imario simulations of the Arctic Ocean. The model
proved an established regional coupled ice-ocewill be forced with lateral boundary data from

circulation model with high grid resolution foravailable global model simulations and the simula-
climate studies of the Nordic Seas and Arctition will span from pre-industrial times until the
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end of the 21st century. These simulations will b@&ne paper has been submitted to JGR for review

started early 2011. with the title: “Simulated long-term variability of
ridged sea-ice in the Arctic Ocean using a coupled

The model has also been adapted for use in thruilti-category sea ice ocean model” written by S.

Baltic by SMHI. There it will be used within the Martensson, H.E.M. Meier, P. Pemberton and J.

SAFEWIN project to simulate statistics of ridgedHaapala.

ice and internal forces within the ice in the Balti

The aim of the SAFEWIN project is to develop arfublications

efficient ice compression and ice dynamics foreane paper has been submitted to JGR for reviewthititle: “Simu-

casting system — which is precisely aimed in irfed cr-erh vatabiy of idge seace et Ocean using

creasing the safety of winter navigation in dynamigon, H.e.M. Meier, P. Pemberton and J. Haapala.

ice conditions.

Arctic Ocean Freshwater Studies
Per Pemberton, Markus Meier

One of the key processes within the Arctic Oceawithin this project the Arctic Ocean freshwater
is the accumulation and redistribution of freshwasystem is studied mainly with a regional coupled
ter. The freshwater maintains a stable stratificati ice-ocean model. The model framework helps us to
of the Arctic Ocean and prevents heat from deepstudy the sensitivity of the system and hopefully
parts to be transported up-wards. The freshwatenderstand its mechanisms. A part of the work also
reservoir is not only important for the Arctic regi focus on participating in a number of international
itself but also for lower latitudes as freshwat®r imodel intercomparison  experiments  within
export to the North Atlantic. This export can varyAOMIP (Arctic Ocean Model Intercomparison
and several episodes with an increased releasePwbject), where the capability of simulating fresh-
freshwater have been identified. It is still howevewater in the Arctic is investigated among several
not exactly known what is controlling the freshwasdifferent models.

ter dynamics inside the Arctic. Also the release of

freshwater and how sensitive it is to future change

is not well understood.

Mixing, heat fluxes and heat content evolution of t he Arctic Ocean mixed layer

Anders Sirevaag, Sara de la Rosa and llker Fer ydrsity of Bergen), Marcel Nicolaus2 (Alfred Wegdnstitute,
Germany), Michael Tjernstrém, Miles G. McPhee (MePResearch Company, USA)

A comprehensive measurement program was coaecounted for the accumulated heat in the upper
ducted during 16 days of a 3 week long ice paatold halocline during the melting season. On aver-
drift, from 15 August to 1 September 2008 in thage, the ocean mixed layer was cooled by an ocean
central Amundsen Basin, Arctic Ocean. The datagat flux at the ice/ocean interface (1.2 W)rand
sampled as part of the Arctic Summer Cloutieated by solar radiation through the ice (-2.6 Wm-
Ocean Study (ASCOS), included upper ocea®). An abrupt change in surface conditions halfway
stratification, mixing and heat transfer as well amto the drift due to freezing and snowfall showed
transmittance solar radiation through the ice. Thdistinct signatures in the data set and allowed for
observations give insight into the evolution of thénferences and comparisons to be made for cases of
upper layers of the Arctic Ocean in the transitionontrasting forcing conditions. Transmittance of
period from melting to freezing. solar radiation was reduced by 59 % in the latter

period. From hydrographic observations obtained
The ocean mixed layer was found to be heateghrlier in the melting season, in the same region,
from above and, for summer conditions, the nete infer a total fresh water equivalent of 3.3 m
heat flux through the ice accounted for 22 % of th@ccumulated in the upper ocean, which together
observed change in mixed layer heat content. Hagith the observed saltier winter mixed layer indi-
was mixed downward within the mixed layer and aates a transition towards a more seasonal ice
small, downward heat flux across the pycnoclineover in the Arctic.

BIENNIAL REPORT 2009 - 2010 73



RESEARCH ACTIVITIES

Publications Ocean mixed layer. Ocean Science Discussions,@6i194/0sd-8-

Sirevaag, A., S. de la Rosa, S, I. Fer, M. Nicokau$ M. Tjernstrém, 247-2011.
2011: Mixing, heat fluxes and heat content evolutibthe Arctic

Measurements of bubble size spectra within leads in the Arctic summer pack ice

Caroline Leck, Michael Tjernstrom: Sara Norris, 1Bnooks, Barbara Brooks and Cathryn Birch (Leedsversity,
UK), Gerrit de Leeuw (Finnish Meteoroloical Insté), Anders Sirevaag (University of Bergen, Norway)

Marine bubbles play an important role on direatludes production of bubbles by wave breaking
aerosol emissions from the ocean surface. Assaggesting that the bubbles are generated by proc-
bubble breaks the water surface e, depending esses below the surface. When the surface water
size it will form jet or film droplets. As the wate was open to the atmosphere bubble concentrations
evaporates whatever was dissolved in the sea waitetreased with increasing heat loss to the atmos-
will remain airborne. phere. The presence of sub-stantial numbers of
bubbles is significant because the bursting of bub-
The first measurements of bubble size spectides at the surface provides a mechanism for the
within the near-surface waters of open leads in thgneration of aerosol and the ejection of bioldgica
central Arctic pack ice were obtained during thenaterial from the ocean into the atmosphere. Such
Arctic Summer Cloud-Ocean Study (ASCOS) ira transfer has previously been proposed as a poten-
August 2008 at 87-87.6° N, 1-11°W. A significantial climate feedback linking marine biology and
number of small bubbles (30-1Q0n diameter) Arctic cloud properties.
were present, with concentration decreasing rap-
idly with size from 100-56@m; no bubbles larger Publications
than 560pm were observed. The bubbles wer#orris, S. J., I. M. Brooks, G. de Leeuw, A. SiegyeC. Leck, B. J.
present both during periods of low wind speed (§1206C. & Breh anant Tematom 2011 eamertsof
< 6ms-1) and when ice covered the surface of tkei, 7, 129-139, 201 1www.ocean-sci.net/7/129/21:10.5194/0s-
lead. The low wind and short open-water fetch prg-129-2011.

On the potential contribution of open lead particle emissions to the central Arctic aerosol concentrat ion

Caroline Leck, Michael Tjernstrom: Andreas Held {irsity of Bayreuth, Germany), lan M. Brooks (L&é&bhi-
versity, UK)

The measurements were made during the ic&hus, it remains unclear if open leads are a signif
breaker borne ASCOS (Arctic Summer Clouaant source of aerosol mass to the Arctic boundary
Ocean Study) expedition in August 2008 betwedayer. It has earlier been proposed that aerosol
2° — 10° W longitude and 87° — 87.5° N latitudeparticles emitted from open leads in the Arctic are
The median aerosol transfer velocities over diffeenriched in organic compounds from the marine
ent surface types (open water leads, ice ridgesyrface microlayer. These gel-like substances
snow and ice surfaces) ranged from 0.27 to 0.68und in the aerosol were confirmed to have prop-
mm s during deposition-dominated episodeserties consistent with algal and bacterial exopoly-
Emission pe-riods were observed more frequentiyer secretions or marine microgels that could span
over the open lead, while the snow behaved pithe whole size spectrum from colloidal-size nano-
marily as a deposition surface. Directly measuregels containing single macromolecules entangled
aerosol fluxes were compared with particle depodie form single-chain networks to micrometer-size
tion parameterizations in order to estimate thgels (loose matrix associated with the aggregates
emission flux from the observed net aerosol fluxor granular structures) that can aggregate to tight
Finally, the contribution of the open lead particleapsules reaching several 0@ in diameter. The
source to atmospheric variations in particle numbassembly and dispersion of macro-molecules can
concentration was evaluated and compared wibe affected by environmental parameters, such as
the observed temporal evolution of particle humJV-B radiation (280-320 nm) dispersing or inhib-
ber. The direct emission of aerosol particles froming microgel formation, and/or pH and tempera-
the open lead can explain only 5 - 10 % of the oldre inducing microgel volume phase changes.
served particle number variation in the mixingrhus, one can speculate that degradation and
layer close to the surface. break-up is a potential atmospheric fate of thenope
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lead-derived aerosol. This in turn can lead to Ryblications
large number of smaller daughter particles derivegkid A., I. M. Brooks, C. Leck, and M. Tiernstr&@10, On the
otential contribution of open lead particle emisss to the central

from a small number of large parent partlcles emlR-rctic aerosol concentration. Atmos. Chem. Physciss., 10,

ted from the open lead. 24961-24992, 2010 www.atmos-chem-phys dis-
cuss.net/10/24961/2010/ doi:10.5194/acpd-10-249B1062

Modeling the greenhouse Arctic Ocean and climate ef ~ fect of aerosols

Annica Ekman, Douglas Nilsson (SU/ITM), Hamish tRets (SU/ITM), Monica Martensson (SU/ITM), Margare
Hansson (SU/Natgeo), Radovan Krejci (SU/ITM), JoB&wm (SU/ITM), Peter Tunved (SU/ITM), Ake Hagstro
(Kalmar Hogskola)

This project uses the CAM-Oslo general circulaeverall effect of changes in Arctic sea salt agroso
tion model with a modified aerosol source schemamissions is a negative climate feedback that is
that includes interactive sea spray and organic sideely to retard but not fully counteract the Aicti
spray parameterizations. A set of idealized modaimplification of climate change. This study shows
simulations were performed to quantify the radiathat both the direct and first indirect aerosotef$

tive effects of changes in sea salt aerosol emmissicare strongly dependent on the surface albedo, high-
induced by prescribed changes in sea ice extelghting the strong coupling between sea ice, aero-
The model was forced using present day sea isels, Arctic clouds and their radiative effectseTh
concentrations and projections of sea ice extent fmodel is being evaluated against remote marine
2100. Sea salt aerosol emissions increase in @AW stations with continuous sea salt aerosol
sponse to a decrease in sea ice, with the annuadss measurements and against re-mote marine
average increase in number emission over tlerosol size distribution data bases. Tests haee al
north polar cap (70—900N) projected to be 86x10@egun on a first organic sea spray source parame-
m?s*' (mass emission increase of @gm 2 s™"). terization.

In response, the natural aerosol optical depth in-

creases by approximately 23% leading to a dire@tdicatons

aerosol forcing over the Arctic polar cap betweeﬁtguthers, H., Ekman, A. M. L., Glantz, P., IversenKir-kevag, A.,

~0.2 and ~0.4 Wi for the summer months. The/&1ersson & M, Setind, 0, Nisson, & D, 201 efect o s
model predicts that the change in first indiredif the Arctic. Atmospheric Chemistry and PhysicscDgsions, 10,
aerosol effect (cloud albedo effect) is approxiz8859-28908. .

mately ten times larger than the direct forcinge Th

The properties of the surface microlayer of the ope  n leads and the ocean mixed layer in the central Ar  ctic
Basin pack ice area

Caroline Leck, Qiuju Gao, Patricia Matrai (Bigelowaboratory, USA) and Monica Orellana (UniversityWwash-
ington, Seattle, USA)

Collection of the surface microlayer, SML,secretions (EPS) of algae and bacteria often re-
(<100um thick) of the open leads during the montlerred to as microcolloids or marine gels observed
of August between latitudes 87 and (88 in bulk seawater in lower latitude oceans. EPS gels
(ASCOS) was accomplished by hydrophilic teflortonsist of large, highly surface-active and highly
rollers ahead of radio-controlled boats. The pahydrated (99% water) molecules. They are poly-
ticulate content of samples of the surface msaccharides to which other organic compounds
crolayer water was examined by transmission elesuch as proteins, peptides and amino acids are
tron microscopy. Concentrations were extremelseadily bound. EPS gels can collapse due to expo-
numerous, ranging from 2 f@I* to more than sure to ultraviolet light, acidification. The suéa
10" ml™ although bacterial counts made in thenicrolayer also showed, besides particulate matter
same samples varied by only about 50%. Size disnd bacterias, elevated concentrations of proteins,
tributions of the particles were also very variabland dissolved organic substances.

with modal diameter sizes of 10 nm in some sam-

ples and 50 nm in others, the 50 nm particles agompositional analysis of EPS from the open leads
pearing to be clusters of the 10 nm ones. The pahows that polysaccharides in particular in colloi-

ticulates were acknowledged to be exopolymetal fraction are enriched in SML relative to the
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underlying surface seawaters. The sizezooplankton biomass was composed of copepe-

distinguished fractions of EPS differ in monosacpods. Production of specific compounds, such as

charides composition. Variation of monosacchdMSP, was constrained to the surface mixed layer

ride spectra indicates a dynamic physicochemicf0-20 m). Nonetheless, carbon export was meas-

mechanism occurring during the processes of upred past 50m, staying fairly constant throughout

welling accumulation of EPS at sea surface. the water column for the duration of the drift. Bul
water primary and bacterial production was meas-

The linkage between elevated levels of bulk watemrable but not high, always highest in the upper 5m

chlorophyll a and particulate dimethyl sufoniunof the water column.

propionate, DMSP, (both indicators of phytoplank-

ton biomass), proteins, and bacterial abundancePig!ications

most likely a reflection of the ongoing planktonicvatrai, P.A., L. Tranvik, C. Leck , and J.C. Knu&908, Are high

production and cycling, as well as the input of icérrggﬁ;‘;rgcﬁa”r‘i'rfgo('fg;:fisiwpf’tleong'ﬂfol“ggigffm' organic

algae. Most of the phytoplankton was present @si:10.1016/.marchem.2007.11.001

small, flagellated forms, while most of the meso-

Biogenic particles over the central Arctic Ocean

Caroline Leck, Keith Bigg and Rachel Chang (Unityeaf Toronto, Canada)

During the Arctic Summer Cloud Ocean Studyvards smaller sizes. Diffuse electron-transparent
(ASCOS) from August to the beginning of Sepmaterial joining and surrounding the particulates i
tember 2008, submicron aerosol particles collectdémbth the air and water was shown to have proper-
over the in the central Arctic Basin pack ice areties consistent with the highly surface-active
were composed of approximately equal amounts ekopolymer secretions, EPS, of microalgae and
organic and sulpur components (sulphate, SO4dacteria in the water. The EPS collapse under the
and methane suphonte, MSA). Although the degreafluence of ultraviolet light and acidification.
of oxygenation of the organic component of th&heir lifetime in the atmosphere is therefore lim-
Marine Biogenic aerosol would normally suggested and is a sufficient reason why the airborne
that it had been processed in the atmosphere, aggregate size distribution shifted to a smaller
cannot rule out that local sources emitted primamodal diameter (30nm instead of 50nm). Fresh
oxygenated organic aerosols, as suggested by paggregates with EPS gel on them could act as CCN
vious findings over the pack ice. directly because of the gels strong surface-active

- . : ties. Those that have lost their gel (larger
Past findings have shown that airborne partlcléOroloer e .
are compared with those of particles found in th egree of hydrophobicity) could still act as sites

surface microlayer of the open water between icondensatlon of the oxidation products of DMS.

floes during. The similarity in morphology (Closelﬁwdence that this happens is the detection of-pres

: ; ; i - : =~ ence of insoluble marine microcolloids in most
resembling microcollids or “virus like particles”),

physical properties, X-ray spectra and a chemicgﬁo'gO% of total number counted) of the predomi-

reaction of the numerous aggregates and th(;}ﬂ’;\ntly sulphate particles. Their acquistion of sulf
fic acid provides a much more direct and faster

building blocks and of bacteria and other micro- th to CCN status than having to arow from nu-
organisms found in both, strongly suggests that i : gtog
eated particles.

airborne particles were ejected from the water B¢
bursting bubbles. On average, surface microlaye MSA SO,*
derived particles represented more than one-half
the collected airborne submicrometre particle an
more than four-fifths on sunny days when melting
of the fringes of the ice floes was observed. On a
days surface microlayer-derived particles domi
nated the population below 70 nm in diameter, th
Aitken mode.

The shape of the size distribution of aggregates Organics NO;

the air was very similar to that in the water, each

Relative Massdistribution of the biogenic submicron aerosol collected during ASCOS

with a well-defined Aitken mode but shifted to-atssn during the month of August, 2008.

76 BIENNIAL REPORT 2009 - 2010



RESEARCH ACTIVITIES

With this new picture on the evolution of the rethus cloud droplets, which will be dictated by the
mote Arctic aerosol, DMS concentration will denumber of airborne particles originating in the
termine the mass of sulfate produced but will havairface micro-layer of the open leads.

only a minor influence on the number of CCN and

Free amino acids in aerosol samples collected over the Central Arctic Ocean in summer
Bodil Widell and Caroline Leck

Recently an enormously wide range of organithe icebreaker expedition in the summers of 2001
compounds has been found in both polar and réAOE-2001). The total concentration of DFAAS in
mote marine aerosols with particles smaller thaihe aerosol samples were 25- 50 pg m-3 air and the
200 nm in diameter considered the main carriers ofost abundant amino acids were Alanine, Aspartic
the organic compounds. Previous literature hawid, Glutamatic acid and Glycine. The composi-
found that the production of airborne particles btion and total concentration data reported, concert
bubbling in seawater (film and jet drops) discrimiwell with earlier published data from remote areas.
nated against the more soluble low molecular
weight compounds in favor of the more surfacéhe unique determination of DFAAs in the size
active high molecular weight compounds. Pastegregated aerosol samples showed that they were
discoveries of proteineous material in Antarctitinimodal distributed, with peak mass median lev-
cloud water samples, had us to start with the agls in the finest fractions (< 0.161 and 0.16158.6
sumption that proteins together with bacterial ermm equivalent aerodynamic diameter, EAD). An
zymes are present in the film and jet drops whicgxception was however Glycine that showed a
in turn could be relevant to the CCN control obimodal distribution with an additional peak in the
albedo of low clouds in remote marine region.  larger accumulation mode 0.655 -2.12 um EAD
size range. All DFAAs were however enriched
The central Arctic Ocean summer provides a labtewards the finer fractions (<0.655 mm) with a
ratory with remote marine biogenic sources dfactor of 2-3. As the DFAA’s were found in sizes
particles and limited influences of terrestrial andorresponding to either the film or jet drops or to
anthropogenic sources. To search for evidence obath the sea surface microlayer was strongly sug-
proteninoues aerosol source in the high Arctigested to have been their source.
summer the present study covers aerosol data on
the size-resolved dissolved free amino acid fractio
(DFAA) of bubble-derived particles taken during

The vertical distribution of atmospheric DMS in the high Arctic summer

Jenny Lundén, Gunilla Svensson, Michael Tjernst@arpline Leck and Armin Wisthaler and Armin Han@éhi-
versity of Innsbruck, Innsbruck, Austria)

The vertical structure of gas-phase dimethyl salfidmixed downward by turbulence into the local
(DMS(g)) in the high Arctic atmosphere is investiboundary layer and act as a local near-surface
gated during a summer season using a regioriaMS(g) source over the pack-ice and may hence
model. The model results show that the neamfluence the growth of cloud condensation nuclei
surface DMS(g) concentration over open ocean &d cloud formation in the boundary layer. Profile
very variable both in time and space, depending atservations are presented in support to the model
the local atmospheric conditions. Profiles overesults. They show that significant DMS(g) con-
ocean have typically highest concentration near tleentrations exist in the Arctic atmosphere at alti-
surface and decrease exponentially with heightudes not to be expected when only considering
Over the pack-ice, the concentrations are typicallyertical mixing in the boundary layer.

lower and the vertical structure changes as the air

is advected northward. Modeled DMS(g) maximagtblicatons

above the local boundary |ayer were present ljgndén J., G. Svensson, A. Wisthaler, M. Tjernast. Hansel and
about 3% of the profiles found over the pack-cd, % 2010, T Veree Datibuten ol Amspo oS n e
These maxima were found in association to frontal

zones. Our results also show that DMS(g) can be
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A Study of New Particle Formation in the Marine Bou  ndary Layer over the Central Arctic Ocean usinga N  ew
Flexible Multicomponent Aerosol Dynamic Model

Caroline Leck: Matthias Karl (NILU, Norway), Liid@irjola (University of Helsinki, Helsinki, Finlandgnd Allan
Gross (Danish Meteorological Institute, Denmark

Enhancement of number concentrations of partnly be reproduced with a newly introduced ki-
cles with sizes less than 20 nm diameter has beegtic-type organic-sulphuric acid nucleation
observed in many cases over the central Arctrnechanism which resulted in 2-10 times higher
Ocean in summer. New particle formation eventsucleation rates than those from the cluster activa
in the marine boundary layer occurred over opeion mechanism. In most cases, the condensing
sea, in the marginal ice zone, and in the pack ice.organic vapour had to be less volatile and/or more
surface-active than succinic acid in order to repro
A new sectional aerosol dynamics model MAFORIuce observed growth of initial clusters into parti
was applied to investigate the nucleation of clugles of ~10 nm diameter size. Model calculations
ters and their subsequent growth by condensatisnggest a value of ~2x16m* s* for the condens-
of vapours. The study evaluated the capability @ible organic vapour source rate in order to repro-
different nucleation mechanisms to reproducguce observed particle growth. This estimate, how-
events observed during three expeditions (19%ver, involves unrealistically high precursor vapou
(AOE-96), 2001 (AOE-2001), and 2008 (ASCOS)foncentrations and vapour production yields, indi-
onboard the Swedish icebreaker Oden to the cetating that the condensable organic vapour was not
tral Arctic Ocean. produced locally but advected to the observation
location from a biological active oceanic or cobsta
Among the more recent parameterizations, whicgkource region.
involve sulphuric acid as the only nucleating agent
the cluster activation (het-erogeneous nucleatiofr) several events, number concentration enhance-
mechanism was found to be the most effectivenent of 10-50 nm sized particles remained unex-
while ion-mediated nucleation contributed only glained by the current nucleation and growth
few percent to the predicted overall nucleatiomechanisms, lending support to alternative theories
rates. Predicted nucleation rates ranged on averageh as the fragmentation of larger aggregates
between 3-8x16cm® s* for kinetic nucleation of (about 200 nm diameter) from marine biological
sulphuric acid and between 2-10%1€m°s" for origin by physical or chemical processes.
cluster activation. Several of the event casesdcoul

The fractal structure of marine nanogels: a new per  spective on particle formation

Caroline Leck and Esther Coz

Large increases in concentration of particleadjacent sugar chains forming hydrated?'Ca
smaller than 20 nm diameter are relatively conmbonded polymer networks to give the gel-like con-
mon in some coastal areas (Mace Head) and owsstency. The assembly and dispersion of macro-
the central Arctic Ocean in summer. These eventsolecules can be affected by UV dispersing or
do often not fit theoretical models of homogeneoushibiting microgel for-mation, and/or pH inducing
nucleation from known precursor gases and do naticrogel volume phase changes (swelling and
show growth. Accompanying the Arctic nucleatiorshrinkage) showed that during phytoplankton
events was also relative enhanced concentratidoileoms, the organic aerosol can constitute up to
of a polymer-gel like substance with granula63% (45% water-insoluble and 18%) of the total
structures in sizes >100 nm diameter, similar & ttaerosol with the surface-active organic matter was
exopolymer secre-tions (EPS) or marine microgetourced from the sea surface.

described for algae and bacteria, colloidal mdteria

EPS consists of large highly surface-active highlyhe goal of this study was to validate the hypothe-
hydrated and water insoluble polysaccharides, withis that marine gels are associated to a granular
high melting points. Microgels are three-structure in the nucleation mode, as well as to de-
dimensional polymer networks that result from th&ermine under which circumstances they are asso-
spontaneous assembly/ dispersion equilibrium ofated to these structural characteristics. To
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achieve these purposes, samples collected duri s
the ASCOS (Arctic Summer Cloud Ocean Study
www.ascos.se) 2008 from the sea-air interface
the cloud-topped boundary layer have been exal
ined. Preliminary results give the proof of thesexi
tence of microgels with granular structures in a
the type of samples analyzed down to the nanorr
ter scale. The water insoluble organic marine con
pounds are associated with a fractal structure pi
tially or totally covered by gels, with size distui 10 100
tions of the primary colloids below 10 nm (Figure 2, (nm)

1). The colloid gel mixtures are observed in both

externa”y and intemally miXtUreS as Size grov\ﬁizedistributionofmarinecolloidsfromacloudsample(scalebar:lOOnm)
Microgels (>1 pm) are internal mixtures of the

colloids covered by the gel.
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Cloud Condensation Nuclei Closure Study on Summer A rctic Aerosol

Caroline Leck: Maria Martin, Berko Sierau, Ulrikeobhman (ETH, Schwitzerland, Rachel Y. -W. ChangDJ.P
Abbat (University of Toronto, Canada) Staffan SgigrErik Swietlicki (Lund University)

An aerosol - cloud condensation nuclei (CCN3ure could not be achieved with the investigated
closure study was performed on measurements tlsattings concerning hygroscopicity and density.
were carried out in summer 2008 during the Arcti¢he calculated CCN number concentration was
Summer Cloud Ocean Study (ASCOS) on boamways higher than the measured one. One possible
the Swedish icebreaker Oden. The data were celxplanation is that the smaller particles that-acti
lected during a three-week time period in the packate at these supersaturations have a relativerlarg
ice (> 85°N) when the icebreaker Oden wamsoluble organic mass fraction and thus are less
moored to an ice floe and drifted passively duringood CCN than the larger particles. At 0.20, 0.15
the most biological active period into autumrand 0.10% supersaturation, the measured CCN
freeze up conditions. CCN number concentratiomaimber can be represented with different parame-
were obtained using two CCN counters measuririgrs for the hygroscopicity and density of the ipart
at different supersaturations. The directly measureles. For the best agreement of the calculated CCN
CCN number concentration was then comparetumber concentration with the measured one the
with a CCN number concentration calculated usingrganic fraction of the aerosol needs to be nearly
both bulk aerosol mass composition data from ansoluble.

aerosol mass spectrometer and aerosol number size

distributions obtained from a differential mobilityPuPlicatons

particle sizer, assuming _-Kohler theory and aMatrai, P.A., L. Tranvik, C. Leck, and J.C. Knu08, Are high
internally mixed aerosol. For the two higheSFSEErz‘;rr;fcﬁa":i'rféoc'fg;ﬁ;I{’,f’tleo”é'"E‘i)folugg?lg%tﬁggfen'C
measured supersaturations, 0.73 and 0.41%, clanarchem.2007.11.001.

Marine microgels: a source of CCN in the high Arcti ¢

Caroline Leck: Mdnica V. Orellana and Allison M.d_@nstitute for Systems Biology, Seattle, USAlrita A.
Matrai and Carlton D. Rauschenberg (Bigelow Laborgtfor Ocean Sciences, Maine, USA), Esther CoS(MI
CIEMAT, Madrid, Spain)

The summer CCN population over the central Ar¢gDMS) would determine the mass of sulfate, by
tic Ocean pack ice has been believed to resytoducing material for growth of the particles, but
mostly from homogeneous oxidation of sulfurwould have only a minor influence on the number
containing gases, providing both the newly formedf CCN and thus on the optical properties of the
particles and their growth to sizes large enough tow-level clouds. Instead, the number of cloud
become activated into cloud drops, and to containdaops would be dictated by airborne microgels, or
large fraction of organic material. Recent resultso called exopolymer secretions (EPS; consists of
however suggest that for airborne particles nofth targe highly surface-active highly hydrated and
80°N, the concentra-tion of the gas dimethylsulfidesater insoluble polysaccharides, with high melting
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points) emitted from the surface microlayer (SML)n cloud, fog, and aerosols was the surface water
of the open leads. Leads, as deformation openingsd most probably the SML where microgels ac-
in pack ice, and polynyas couple the atmosphecemulated; this material, in fact, came from the
with the sea ice covered Arctic Ocean, allowinghytoplankton (M. arctica and other phytoplankton
illumination to reach the surface water during thepecies) and their exocytosed products.
summer melt and promoting ice-bottom algae and
phytoplankton growth that takes advantage of tHgur results clearly demonstrate that marine mi-
nutrients already present. Such biological activitgrogels, due to their emergent properties, carctaffe
as well as that found in the receding seasonal itfee chemistry and physics of the Earth's atmos-
zone represents a potential steady source of marjsteere by being an important source of CCN in the
microgels (EPS). pristine high Arctic summer, and probably else-
where, thus affecting climate by radiative coupling
For the first time, we demonstrate directly andhe microgel-climate feedback paradigm suggests
unambiguously the presence of marine microgetbat biology has an important role in determining
in the clouds, fog, and airborne aerosol particldbe chemistry and the physics of marine aerosol
sampled a87°N in the summer of 2008 (ASCOS).particles such that parameterizations of their amur
Microgels were immu-nostained with an antibodjunction should include processes pertaining to the
specific towards material from surface waters indisource and concentration of marine organic matter
cating that the source of the gel particles detect@nd should be included in regional and global aero-
sol climate models.

A low-CCN cloud regime in the summer Arctic

Michael Tjernstrom, Caroline Leck: Thorsten Maueits(Max-Planck Institute for Meteorology, HambuBgr-
many), Joseph Sedlar (SMHI), Matt Shupe and Ola$ter (CIRES, University of Colorado, Boulder, USaf-
fan Sjogren and Erik Swietlicki (Lund Universitggrko Sireau (ETH, Zurich, Switzerland), lan Bro¢kseds
University, UK)

Clouds require clouds condensation nuclei (CCN)sing the radiative transfer model we then illu-
to form. Normally nature has an ample supply dftrate the effects on the surface cloud radiative
CCN and liquid water clouds usually form close tdorcing. These results show under the conditions of
a 100% relative humidity. But during the Arcticvery few CCN (< 10 c) small changes in CCN
Summer Cloud Ocean Study (ASCOS) we olzoncentration will change the longwave radiative
served periods with high relative humidity andorcing much more than it will change the short-
very low number concentrations of CCN, and dumwave surface forcing through an increased cloud
ing these periods clouds became tenuous or vaibedo; the so-called Twomey effect. Judging by
ished entirely and consequently the near surfapeobability density functions of CCN from four
temperature dropped as the greenhouse effect different research expeditions to the central Arcti
the clouds approached zero. conditions like these happen an substantial part of
the time in summer. This hypothesis therefore pro-
Using the observations from ASCOS and calculaides a new framework in which to consider ef-
tions with a radiative transfer model we elaboratefécts of possible changes in summer Arctic aero-
on these events and propose a hypothesis thatsdds, anthropogenic or through climate warming
consistent with the observations. We suggest thiaiedbacks. Instead of postulating that the aerosol
in conditions with very low CCN concentrationeffect is negative, causing a cooling as it is as-
only a few droplets can form and with high relativgumed to do at lower latitudes, there is a possibil
humidity these proceed to grow very rapidlythat an increased aerosol concentration in the Arc-
Eventually they become so large that they wiliic will cause further warming.
settle to the surface by gravity, thereby limiting
both the cloud liquid water and the number of
CCN present. The presence of these very large
cloud droplets was indicated by the presence of a
double fog bow; an optical phenomenon that only
appears when the cloud droplets grow larger than
20-25 mm.
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1001

Surface cloud radiative forcing in a) longwave- and b) shortwave radiation as a
function of CCN. Measurements of CCN are done at a supersaturation of 0.2%. Lines
are idealized radiative transfer calculations. Dashed lines represent the first aerosol
indirect effect only, while the solid thick lines correspond to cloud liquid content being
limited by Re < 15 mm. The grey shaded areas show the range of uncertainly limiting
cloud liquid content by 10 mm < Re < 30 mm.
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Mauritsen, T., J. Sedlar, M. Tjernstrom, C. Leck Nl&rtin, M.
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licki, 2011: An Arctic CCN-limited cloud-aerosolgiene, Atmos-
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2011.
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The vertical stratification of submicrometer aeroso | particles and their relevance for cloud formation over the
Arctic Ocean pack ice during summer - a contributio n to the Arctic Summer Cloud Ocean Study (ASCOS)

Caroline Leck, Linda Orr, Joeseph Sedlar (SMHI) iBa. Brooks, Sarah Norris (University of Leeds,)UErik
Swietlicki and Staffan Sjogren (Lund University)

Clouds over the Arctic Ocean regulate the radiativaften found within the shallow Arctic boundary
fluxes to the surface, impacting the surface enerdgyer; occasional elevated concentrations were
budget and melting and freezing of snow and seaeasured at higher altitudes. However, the accu-
ice. Aerosol sources are known to be few in sunmulation mode particle concentrations were gener-
mer while the cloud cover is generally at a maxally less than 1 cfiwithin the well-mixed bound-
mum during this season. Until now, a large defary layer. Such low levels can be explained by the
ciency has been an inability to relate Arctic aetos presence of a moist boundary layer combined with
and cloud properties because of the difficulties ia general absence of local sources. In additioth, an
performingin situ measurements within the harstconsistent with previous findings in the area latge
Arctic environment. During the Arctic Summeraccumulation mode numbers were found at and
Cloud Ocean Study (ASCOS) of 2008, a helicoptebove former cloud tops. Stratification of aerosol
was successfully deployed to profile the thermodynodes suggests that the application of surface-
namic structure and aerosol particle concentratiobsised measurements of aerosol properties for pre-
in several size ranges across a multitude of serfadiction of cloud properties is critically dependent
conditions. on atmospheric vertical mixing. This necessitates

further understanding before the sign on the radia-
The ultrafine particle (diameters between 3-15 nmive forcing due to climate change based on the
concentrations were typically a few hundred pesffects of low-level cloud over the Arctic pack ice
cm3, but reached as high as 1500°camd were area can be assessed.

Tropospheric long range transport of a forest fire plume to the central summer Arctic

Michael Tjernstrom and Caroline Leck: Erik Swiekii¢Lund University), Armin Wisthaler and Armin Hsaah (Uni-
versity of Innsbruck

It is well known that pollution from southerly lati fires to as far north as near the Pole, at about 88

tudes reaches far into the central Arctic in wintePN from 8 August 2001. The plume was observed
among other things giving rise to so called “Arctiby helicopter-borne instruments at an altitude of
haze”, but it has been assumed that the sumnadrout 3 km and was associated with a weak warm
Arctic atmosphere is relatively isolated from transfront at that height. The plume had a clear maxi-
port of air from the south. We show the first itusi mum of larger than 300 nm aerosol particles, ob-
evidence of a long-range transported plume froserved with an OPC instrument, coincident with

biomass burning, most likely from Siberian foresmaximums in the gases acetonitrile (CH3CN) and
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acetone, observed with a proton transfer reaction
mass spectrometry (PTR-MS) instrument; acetoni-

trile is a specific tracer for biomass burning. : OPC profil 5F’otentialtemp. SRelativehumv

These results imply that previous assumptions, tr

the summer Arctic atmosphere is more or less is

lated from lower latitude air masses, are partl

incorrect. This has been based primarily on nee

surface observations, likely strongly influenced b 3 3

very effective scavenging of low-level pollutams i A

fogs and low clouds at the marginal ice zone. Th

results in a shallow boundary layer with unaffecte

air, while long-distance transported plumes of po

lutants can exist for long times aloft. In the jpras

case the plume was found at an altitude of seve 1 1 1

kilometers and it is very difficult to envision a —v—

process whereby this aerosol could be effec-tive — Descent

mixed down into the lowest troposphere. Sever Y we "0 0230 “Buemans

vertical profiles of longlived gases of contineta Conc. (em?) 0(°C) RH (%)

origin, such as acetone and acetonitrile, from this

and Other helicopter ﬂlghtS Conﬁrm thlS, the ConErofilgs of (Ieft).aeroso.l Particles larger than 300 nm, (middle) potential temperature
. . and (right) relative humidity from the evening of 8 August 2001.

centrations were always much higher above the

inversion capping the boundary layer than below it.
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A summer-fall transitioning surface energy balance

Michael Tjernstrom, Caroline Leck: Joseph Sedlavik®) Thorsten Mauritsen (Max-Planck Institute foeborol-
ogy, Hamburg, Germany), Anders Sirevaag (UniversitBergen, Norway), lan Brooks and Cathryn Birtini-
versity of Leeds UK), Matt Shupe and Ola PerssdRES, University of Colorado, Boulder, USA)

An explicit target of the Arctic Summer Cloudsubstantial riming from frequent fogs during this
Ocean Study (ASCOS) was to measure all termsaéhanged the surface albedo over this episode dra-
the surface energy budget over the central Arctioatically. Then follows a period when all the net
perennial ice as the melt season ended and the fhlkes are small, temperatures are steady around -2
freeze-up commenced. This was achieved by hal€ and the presence of a stratocumulus layer in a
ing an instrumented tower on the ice with observaapping subsidence inversion keeps the surface
tions of turbulent sensible and latent heat fluXrom freezing further; as these clouds break up
radiation sensors near the surface measuring lorigwards the end of August the temperature imme-
and shortwave radiation and also a mast under ttiately drops. During these last few days of
ice with observations of the oceanic boundamtSCOS the residual heat flux for the first time
layer sensible heat flux and the transmitted radigoes negative and proper freeze-up started.
tion through the ice.

The important lesson is that the transition from
At the beginning of the ice drift conditions weramelting to freezing conditions is not a gradual
still typical for the melt season; short wave radiachange over several days or weeks as the sun is
tion dominated the budget and there was a largetting lower in the sky. Instead it is a rapichsia
surplus that went into melting snow and ice. Cortion from one state to the other associated with an
sequently all melt ponds where still open and thelbedo change provided that the sub is low enough
surface albedo was low. This period is followed byot to start the melt again. The actual chain of
the actual “trigger”; during about two days theevents may be even more complicated, as clouds
longwave radiation balance starts to balance tlmave a significant role; in this case the freeze-up
net shortwave radiation and during this time theould have started a week earlier if a persistent
temperature falls and melt ponds freeze over. Thitoud layer had not been present “protecting” the
period is ended by a substantial snowfall; snoaurface from further freezing. The radiative input
covered all the frozen melt ponds. Together witfrom the sun changed somewhat over these three
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weeks, however, of larger importance was theblcatons
change in surface albedo and the longwave surfagmllar, J., M. Tjehrnstrbm,kT . Mauritzen, M. ihUDgﬂc;oks, P.

F ot : . Persson, C. Birch, C. Leck, A. Sirevaag, and Moldigs, 2010, A
radiative forcmg of the C|OUdS’ the latter govej‘ﬂetransitioning Arctic surface energy budget: the auofs of solar zenith
the surface temperature. angle, surface albedo and cloud radiative forciGjmate Dynam-

ics,1-18. doi:10.1007/s00382-010-0937-5

Snow melt and freeze up in the pan-arctic region an  alyzed from satellite observations

Jonas Mortin, Gunilla Svensson, Rune Grand Graversbomas Schroder and Aksel Wallge-Hansen (Cogemha
University, Denmark)

The impact of snow cover in the pan-arctic regioare used to derive the seasonal snow cycle. Special
are important. Accurately determining the largéocus is on the melting and freeze up for which the
scale snow coverage, both by models and measiginal algorithms were developed at JPL, USA,
urements, is therefore of significant importanceand are in this project refined. The dataset isueva
especially in the light of a potential arctic arfipli ated against in-situ observations both over lartl an
cation and global warming. Howeveim situ ocean and compared with reanalysis products. The
measurements are spatially and temporally spatserizontal resolution is about 5x5km2 and data
in the arctic region. In this project, satellitesbd used in the study is from 1999 through 2009.
observations, scatterometer data from QuikScat,

Mesoscale variability in the summer Arctic boundary -layer
Michael Tjernstrom and Thorsten Mauritsen

The central Arctic Ocean atmospheric boundamnhanced drizzle but no discernible signal aloft,

layer is not affected by disturbing terrain featureabove the top of the low clouds usually < 1 km.

or large horizontal surface temperature gradientSuch fronts were very common, appearing on av-

and should therefore be relatively free fronerage more than once per day. Turbulence intensity

mesoscale variability. Still, turbulence power speds higher during these events than otherwise, and

tra of for example wind speed from AOE-200spectral gaps are, unexpectedly, more pronounced.

often do not have any spectral gap and wavelet

analysis of surface pressure variability show freVe hypothesize that the fronts are induced by

quent occurrence of variability on hourly timesmall differences in cloud properties or differesice

scales, sometimes accompanied by burst of highair mass age and sharpens to fronts due to non-

variability on 5-t0-20 minute time scales. linear dynamics. Once formed, the fronts trigger
ducted gravity waves when the background struc-

We show that the general variability in surfacéure is favorable. These waves interact with bound-

pressure is directly connected to the verticalcstruary-layer turbulence and enhance boundary-layer

ture of the lower troposphere, and changes onvariability.

time scale of several days depending on large-scale

air mass changes. High-frequency variabilitjuPicatons

events were often related to mesoscale front-likigernstrom, M., and T. Mauritsen, 2009: Mesoscalgability in the

features. These appear only in the boundary lay@hs aos bo: 10.1007o10646-000.05em oo 150

with rapid shifts in boundary-layer temperature,

Arctic clouds and the boundary-layer inversion
Joseph Sedlar and Michael Tjernstrom

The vertical structure of the Arctic summer boundadiabatic. As the upper layer most often is associ-
ary layer was examined from a suite of remote araded with the cloud, this indicates that cloud-top
in-situ measurements first from the Arctic Oceanooling is maintaining the upper portion of the
Experiment 2001 (AOE-2001). The boundaryboundary layer well mixed, while the lowest 25%
layer structure during AOE-2001 has on averageisimore affected by the local surface. The lowdeve
two-layered structure, where the lowest 25% islouds were found to fall in one of two categories:
slightly stable and the upper 75% is nearly moidt) The in-version-capped cloudy boundary layer
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where the cloud tops was found at the base of ttemperature inversion were more frequently ob-
inversion; and 2) Cases where the cloud top pergerved than the prototypical clouds that are capped
trated well into the boundary layer. The first typdy the inversion base over both SHEBA and
conforms to the proto-typical marine cloud-cappedSCOS, located over the pack ice, while the situa-
boundary-layer structure found for example oveion was reversed at Barrow, located on land, albei
the subtropical oceans, but the second categarpse to the Arctic Ocean. Clouds with tops inside
seems particular to the Arctic. Parti-tioning théhe inversion were typically associated witlgC
data into these two categories and composit-ing teronger and 100-200 m deeper temperature inver-
data shows significant differences, for examplsion compared to CCI cases. In addition, both
precipitation is much more common in the 2ndloud-base and cloud-top heights were lower for
case while the stratification in the upper portadn these cases. Sub-cloud layer stability was unstable
the boundary layer is higher. This — and other difiearest the surface, with a stable layer emerging o
ferences — has lead to the conclusion that whée thverage approximately midway through the sub-
inversion-capped low clouds predominantly consisgioud layer and stability weakening slightly below
of liquid wa-ter, the type where clouds penetrateloud base. Bulk cloud-layer lapse rates were also
into the inversion are more often mixed-phasdess stable suggesting a cloud-layer with poten-
with a significant portion of ice. tially more buoyant mixing.

This study was extended using data from two fielgy®lications
experiments, Surface Heat balance of the Arctiediar, J., and M. Tjernstréom, 2009: Stratiformuteinversion

; _ aracterization during the Arctic melt season, Baary-Layer
(SHEBA, 1 year) and Arctic Summer Cloud Oceaﬁ]eteorology,].BZ, 455-474D0I 10.1007/510546-009-9407-1
Study (ASCOS, 1 month), and from Barrow, dlar 3. M. D. Sh 4 M. Tiemstrom. 2011 temelationsh

- H edlar, J., V. D. upe ani . ljernstrom, L relationsnip

AlaSka_ (5 years). _Of the pl‘OfI|€S _aval_lab_le fo etween thermodynamic structure and cloud top,i@nclimate
analysis, clouds with tops penetrating inside thegnificance in the Arctic. Journal of Climatologyccepted.

Arctic regional climate modeling of the AOE-2001 da ta

Michael Tjernstrom, Per Axelsson, Gunilla SvensS&tefan Soderberg (WeatherTech, Sweden), Cathrgh Bi
(University of Leeds, UK), Sean Milton and Paul iEgraw (UK MetOffice).

The Arctic Regional Climate Model Intercompari-evaluating the model results with in-situ singleinpo
son Project (ARCMIP) aims to improve numericapbservation; was .Iater alleviated using an enseiwible
simulations of Arctic climate, and to improve théeOAMPS’ simulations where surface roughness, turbu-
description of important Arctic climate processe!St Mixing in clouds and initial times was variéthe
in global models (see http://curry.eas.gatech.ed ;emble spread in these results was surprisiagie |
ARCMIP/index.htm). Pri ' ARC.MIP. fi 't'. Wwhile the ensemble-average results conformed r@ason
Index.ntm )- fimary 7 ~ aclivities bly well to the observations. COAMBSvas shown to

focus on coordinated simulations with differenfave a cold bias below a few kilometers, likely dae
regional climate models using the same horizontgh erroneous cloud/radiation inter action, and aveh
resolution and lateral boundary conditions. Usingho weak weather systems. The clouds were tocatfih
regional modeling facilitates controlled simulaon displaced too high with the expected biases inithe
of the local and regional climate, providing accueoming radiation; however, the turbulent fluxes ever
rate analyses as lateral boundary conditionsst alsimilar both within the ensemble and as comparetdo
makes possible a direct comparison with obsery@bservations even when altering the surface rougghne
tions. With a reasonably controlled backgrounﬂigglr:m%f Srgggnngtl:gek.)eAthr;?S”Slt:% (é?ouusdes fgrrah?c; Iglrid
climate, imposed by analyzed boundary conditiong 02! q

S . tecipitate out too fast.
remaining errors must be due mostly to reglonaP—
model deficiencies. Publications

. . . Birch, C. E., . M. Brooks, M. Tjernstrém, S. FItein, P. Earnshaw
In a first attempt to simulate data from the Ar@@icean and s. Saderberg, 2009: The performance of a glabdimesoscale
Experiment 2001 (AOE-2001) we used both the US$odel over the central Arctic Ocean during_themmer melt season.
NAVY model COAMP and the UK MetOffice Uni- Journal of Geophysical Research, 114, D13104,
fied Model at several resolutions. In general theuds ~ 901-10-1029/2008JD010790.
were found to be a problem, while the two modet® al Axelsson, P., M. Tjernstrom, S. Stderberg and énsdon, 2010: An
have their own biases. The problem of using a |ar££étmsembrl1e ofAArctlc siln;ulatlons of the AOE-200H feedperiment.
(pan-Arctic) outer domain in regional modeling vehil mospnere, Accepted.
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Simulations of Arctic clouds and their influence on the winter present-day climate in the CMIP3 multi-  model
dataset

Johannes Karlsson and Gunilla Svensson

Simulations of Arctic clouds and radiation in coumost models overestimate the out-going longwave
pled ocean/atmosphere climate models participdtux while over sea-ice it is rather the downwadlin
ing in the fourth assessment report (AR4) of th#ux that is underestimated. Based on the downwel-
intergovernmental panel on climate change (IPCdihg longwave flux over sea-ice, two categories of
are analyzed. Satellite observa-tions of cloudinessodels are found. One group of models which
and radiative fluxes at the top of the atmosphsere shows reasonable downwelling longwave fluxes,
well as at the surface are utilized for com-parisomompared with observations and ERA-Interim, is
The analysis is performed as seasonal averagdso associated with relatively high amounts of
over the entire area north of 66,4, over the open precipitable water as well as surface skin tempera-
ocean and over the sea-ice separately. The amares. This group also shows more uni-form air
lyzed model results show large variations over thimass properties over the Arctic region possibly as
region in terms of cloudiness, cloud water and iaesult of more frequent events of warm-air intru-
water content. results indicate that the cloudineson from lower latitudes. The second group of
seems to have a week connection to the surfaceodels underestimates the downwelling longwave
The fact that six models have the same magnitudadiation and is associated with relatively low-sur
of cloud forcing but a spread in surface mean tenface skin temperatures as well as low amounts of
perature of more than 10K, indicates that norprecipitable water. These models also exhi-bit
cloud processes are important for the temperatuegger decrease in the moisture and temperature
spread. On the other hand, it is interesting tHat grofiles northward in the Arctic region which
but one model which underestimate the surfagright be indicative of too stagnant conditions in
cloud forcing also underestimate the surface terthese models.

perature.

Further analysis of the model results show that thguiications

wintertime turbulent heat fluxes vary SUbStamla”Xarlsson, J. and G. Svensson, 2011: The simulaifofrctic clouds
between models and different surfaces. The Simand their influence on the winter present-day ctieni the CMIP3
lated net longwave radiative flux at the surface {8ult-model dataset. Climate Dynamics. 36, 623-635.

biased high over both surfaces compared to obserensson G. and J. Karlsson, 2011: On the Arctiterime climate
vations, but for different reasons. Over open opedﬁ global climate models. Submitted to J. Climate.

The vertical structure of the lower Arctic atmosphe re

Michael Tjernstrom and Rune Grand Graversen

We attempt to estimate the vertical structure ef tfrom the SHEBA experiment to evaluate if the
Arctic atmosphere, using the ERA-40 reanalysigeanalysis is resolving the observed structuréef t
data and SHEBA soundings. First we analyze thrctic lower troposphere. This analysis reveals a
SHEBA soundings for a full year. Inversions aresurprising capability of the ERA-40 data to de-
virtually always present, in summer as a weacribe the Arctic lower troposphere structure, even
elevated inversion and in winter as a mixture dh winter with shallow very stable inversions. A
strong surface inversions and elevated inversi@pecial consideration here is that the soundings
each occurring about half the time. There is a prirom the SHEBA experiment were assimilated into
nounced annual cycle in the inversion characteri&RA-40. We show that: 1) The correspondence
tics with the strongest and lowest, but also mobetween the simulated and observed lower tropo-
variable, inversions in winter. In summer the consphere structure during the SHEBA experiment is
ditions are less variable, with weak elevated invegood; 2) there is no significant difference in the
sions predominating. annual cycle of this structure between the SHEBA
ear and three years before and three years after

Then we compared the vertical structure of té e SHEBA experiment. At the same time there is

lower troposphere in ERA-40 with observation
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a significant impact of the soundings when analy6
ing the analysis increment for years with and with=
out the soundings, and also when comparing b

first-guess and analysis fields from ERA-40 Witq

the soundings.
Inwersion strength 18995-2000, central area

ur interpretation is that ERA-40 captures the
ructure well, but that it has a significant warm
ias in the boundary layer and a week cold bias in
he free troposphere. Interestingly, when compar-
ing the analysis increment for years with and with-
out assimilation of soundings, the latter draws the
model in the opposite direction compared to non-
soundings years, when the assimilation presumably
relies mainly on satellite data.

Publications

Tjernstrom, M.and R.G. Graversen, 2009: The vertical structure of
the lower Arctic troposphere analysed from obséovetand ERA-40
reanalysis. Qarterly Journal of the Royal Meteogital Society 135,
431-433.

Temperature (K)

10 1 32 60 91 121 152 182 213 244 274 305 335 365
Time (DoY)

An annual cycle of temperature inversion strength for the period 1995-2000 from the
ERA-40, showing (black solid) median, (red dashed) 25- & 75- and (blue dashed) 5-
& 95-percentiles. The thin dotted lines show the annual cycle for individual years, and
the one marked with black dots shows the SHEBA year

Water-vapour feedback and Arctic amplification

Rune Grand Graversen, Peter Langen (Copenhageresity, Denmark) and Thorsten Mauritsen (Max Planck
Institute, Germany)

The feedbacks of water vapour, clouds, and surfaceupled climate model. We put especial attention
albedo is investigated. In the radiative code db the response of these feedbacks in terms of me-
climate models we lock water vapour, clouds, anddional energy-transport changes and polar ampli-
albedo one-by-one and in combinations in order facation and its vertical atmospheric structure.
quantify their respective feedback responses asso-

ciated with a doubling of the atmospheric CQ3ublcatons

content. This is a continuation of a earlier worléraversen R.G. and M. Wang, 2009: Polar amplifizatin a coupled
where we locked the surface albedo in the CCSNMgMate model with locked albedo. Clim Dyn, 33,628.

The role of meridional energy transport for the 200 7 Arctic sea-ice retreat

Rune Grand Graversen, Thorsten Mauritsen, Michg@iriBtrom, Sebastian Martensson, Sybren Drijfh&NNI,
The Netherlands)

The sea-ice cover decrease during the summeraofd turbulent fluxes. In the region that experiehce
2007 took scientists by surprise; over one singtbe largest unusual melt, the net anomaly of the
summer the ice cover Arctic sea-ice shrank bgurface fluxes provided enough extra energy to
almost 30% to the lowest extent ever observethelt roughly one meter of ice over the melting
The role of the atmospheric energy transport is thseason. When the ocean successively became ice-
extreme melt event was explored using the statieee, the surface-albedo decreased causing addi-
of-the-art ERA-Interim reanalysis data. We findional absorption of shortwave radiation, despite
that in summer 2007 there was an anomalous #te fact that the downwelling solar radiation was
mospheric flow of warm and humid air into thesmaller than average. We argue that the positive
region that suffered severe melt. This anomaly wasomalies of net downward longwave radiation
larger than during any year in the reanalysis datend turbulent fluxes played a key role in initigtin
(1989-2008). Convergence of the atmosphertbe 2007 extreme ice melt, whereas the shortwave-
energy transport over this area led to positiveadiation changes acted as an amplifying feedback
anomalies of the downward longwave radiatiomechanism in response to the melt.
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(ﬂ) ERA—Interim
T T T T T T T
L Ice coverage, convergence of atmospheric energysprart, and energy fluxes at the surface
50 during 2007 over the region 74°-82 °N and 135° Ws21B. Solid and dotted, thick, black
< L curves indicate ice cover in 2007 and the averagénd the preceding 18 years, respectively.
h L Green curve shows net shortwave-radiation anomalte¢ke surface, while the sum of the net
E longwave radiation, latent, and sensible turbulfink anomalies is given by the red curve.
= [ Thin, solid curve indicates atmospheric energy $gott convergence. Anomalies are relative
~ ¥ c to the climatology with monthly resolution from thears 1989-2003. The daily data are
& 0 .g smoothed with a 30 day running-mean filter. Uppangl is based on ERA-Interim data,
D Y whereas in the lower panel, the surface fluxesfiame NCEP2, and the ice fractions are from
=3 £ the ERA-Interim.
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Recent Arctic sea-ice retreat

Rune Grand Graversen, Michael Tjernstrom, Thorsferitsen (Max Planck Institute, Germany) and Maziay-
muntowska (Nansen Center, Norway)

The linkage between atmospheric circulation variFhe study is mostly based on reanalysis and satel-
ability and the recent years' sea-ice melt is stldi lite data. A large part of this work is comparisons
We investigate the changes in radiation and turband evaluations of these data against in situostati
lent fluxes at the surface over areas vulnerable data. Especially the evaluation of the surfacearadi
sea-ice melt. We further investi-gate the linkafje aive fluxes are needed. For example, we compare
these surface fluxes to alterations of the atmobeth satellite data from the “active” CloudSat and
pheric sensible heat and moister transport and treanalysis data with measurements taken at the
cloudiness. Among different issues, it is relewant Barrow station in north Alaska.

know whether a possible increase of the long wave

radiation is larger in the Arctic than over thetrafs

the globe.

Is recent Arctic summer sea-ice melt driven by warm ing from aloft?

Rune Grand Graversen and Thorsten Mauritsen (MaaéH Institute, Germany)

Arctic sea-ice extent has decreased significantpheric reanalysis products leading to diverging
during the melting season in recent decades. At thenclusions in recent studies. Here we reconcile
same time am-plified warming is observed in ththese apparently contradicting findings concerning
Arctic troposphere. A number of recent studiethe vertical structure of the Arctic warming as be-
debate whether the retreating sea-ice is drivieg ting largely due to deviating averaging periodst no
warming, or vice versa. A key to establishing thiseanalysis artifacts.

cause-and-effect relationship is the vertical struc

ture of the warming, which differ among atmos-
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We suggest that a considerable part of the obsenn

sea-ice reduction is driven by the warming alofi ¢ e
As shown by the figure, the September sea-ice ar
is highly anti-correlated with tropospheric tem:
peratures in the beginning of the summer and st
face temperatures in the end of the summer. Po
tive anomalies of free tropospheric tempera-ture =% Tass 2000 w0
in June-July increase the energy flux towards tt e e 3
surface by longwave radiation and turbulent mix f
ing. As the sea-ice hereby melt, a series of sarfacg “f
based processes start acting, among them the ¢} «f
face albedo feedback, which contributes to a sL* _.f
face warming by the end of the summer.

e
L
W

o
T
ol
D
o

w -
T T
T |
| |
o a3
Trapraaphanic targamure (7C)

20 -

Mar  Apr dul Asg Sep O How D
Corelation of specific humidity with Sep ice area

Moy Jun

Upper panel: time series of September ice area and June-August mean
atmospheric temperatures averaged over the area north of 70 N and
over the atmospheric column between 300 and 925 hPa. Middle and
lower panels: correlation of September ice area with temperature and
humidity, respectively, as function of height and month. White contours
indicate that correlations differ from zero at a 99 and a 99.9 % signifi-
cance level. The Ice data are from NASA satellite observations, and
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temperature and humidity data are from the ERA-Interim reanalysis. Carrelntion coeffioisnt

Vertical coupling of clouds and the surface in the summer Arctic

Michael Tjernstrom, Thorsten Mauritsen, Joseph &e@MHI), Matt Shupe and Ola Persson (CIRES, Umsite
of Colorado, Boulder, USA), lan Brooks (Leeds Ursitg, UK)

The question if the cloud layer is coupled to théhe surface temperature and the apparent sky tem-
surface, or not, has many implications. For examperature is mostly found in two regimes. When the
le if there is a dynamical coupling between theurface temperature is above -0.5 °C this tempera-
surface and the cloud this means that locally forntare difference is near zero or slightly positiize,

ed aerosols may become participate as CCN in tthee sky is somewhat “warmer” than the surface.
cloud formation since they can be transported frolowever, when the surface temperature is below -
the surface up to the cloud layer. But such a d@:5 °C the difference is around -1.8 °C, corre-
namical coupling may arise not from turbulenceponding to a net longwave radiation of ~ -7 Wm
generated by shear or convection at the surface BuThe first of these regimes obviously corresponds
also by negative convection due to radiative cloude the melt season, but the second regime is sur-
top cooling and subsequent overturning that mayrisingly stable. This net longwave radiation i$ no
or may not reach the surface. Even if there is refunction of neither the surface temperatureh t
dynamical coupling, there will be other processasnge -6.0 °C < Ts < -0.5 °C) nor the cloud base
that contribute to a connection between the surfafleelow 600 m); obviously a higher cloud base
and the cloud; the slow precipitation from a strataneans a lower cloud-base temperature but this
cumulus layer will in fact mean a flux of aerosolgloes not seem to affect the net longwave radiation.

from _the clou.d layer since each precipitation_pa}rtlrhe connection between the surface and the clouds
cle will contain one or several CCN. The radiation

. is made up by several processes; possibly if the
from the clouds to the surface and vice versa al%?oud base goes up and inversion forms between
contributes to a coupling. 9 P

the shear-driven boundary layer and the buoyancy-
Using data from the Arctic Summer Cloud Oceadriven cloud layer such that the end result in fong
Study (ASCOS) we studied the longwave balancgave radiation stays the same. Why this difference
between the clouds and the surface or a three-wdmcomes ~ -7 Winis not clear, however, during
period, using only data when the cloud cover waSCOS it once stayed this way for a prolonged
100%. It then turns out that the difference betwegeriod of several days.
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1200 4 Joint probability of the difference between surface and apparent sky
during ASCOS as a function of cloud base height, using only fully cloudy
conditions. Note the maximum likelihoods for a slightly positive tempera-
1000+ ture difference at very low cloud bases, corresponding to the melt sea-
son, and the robust -1.7 T temperature difference elsewhere regardless
of cloud base height.

Cloud base (m)

Surface layer fluxes in the summer Arctic

Michael Tjernstrom, Cathryn Birch and lan Brook®€ds University, UK)

During the Arctic Summer Cloud Ocean Studyhis. Normalized spectral and cospectral curves
(ASCOS) a full micro-meteorological site wascomputed from the observations were shifted
deployed on the ice in the central Arctic for a pedownwards compared to the universal forms, sug-
riod of three weeks. These observations make gesting that the amount of energy associated with
possible to test various model assumptions on sl scales of turbulence is smaller than preditigd
face-layer fluxes for the Arctic. In one 15-m highthe similarity theory, consistent with what was
mast 5 levels of turbulence and profile observdeund from the comparisons of the non-
tions was taken while a supplementary telescopiimensional wind shear. Peaks in normalized spec-
30-m mast held an additional turbulence instrural and cospectral were also shifted increasingly
ment at the top. towards the right with increasing measurement

When comparing to the ASCOS data the UIQeight. This indicates that at the upper measure-

MetOffice Unified Model overestimate the turbu—ment levels, a larger fraction of the total eneigy

lent flux of momen-tum; this particularly true forfrom the higher frequencies, i.e. manifested in

operational weather forecast models and can g]na”eér-g?jd'gi' Eg;rm-?;herotj;h?hisceoresIgg:etrr:/:r;
explained by the positive bias in the transfer coefoN period, bod y-lay pfhs W
ficients computed by model. Causes of this bi 00 m and therefore, surface layer depths were less

were examined, including whether or not the a éﬁp fg (renr.ti;-shlbsetiil(gtlaarl:nti;hue dg:e;ﬁgﬁgv\'lgrtg\?;'s,
sumptions of Monin-Obukhov similarity theory are, o Igwgst measurement Ievello?o 94 m) was alwa s
valid under the observed conditions and the accH]- ’ y

racy of the representation of surface roughness 'ﬂstr\;\?a:ugﬁcoestla;%awg':ﬁ iuz ?ﬁfei;r%?lsglfgfé (tig
the parameterization scheme. Apart from at tHe y

surface-mixed layer where the larger turbulent
very lowest level, observed values of the non- Y 9

dimensional wind shear were greater than thgpd'es were suppressed by stable conditions. Val-

. o : es of the momentum roughness length, z0, com-
g‘nc;segi?/;end'SE;Seb):)fthze/Ltra.?;]t;gn:&;ggz&gntilrgarlgnrﬁuted from the ASCOS observations were found to

properties observed during ASCOS are more sirT’gry by an order of magnitude depending on sur-

lar to those observed under more stable conditio OCE gfleo;“frr?]min&f?Ié\};/b oT/e?V?r:JOI:?hé b:zll(;tliqvleclze
during other experiments. j 9, y

smooth ice floe.
Spectra and cospectra, normalized by Monin-
Obukhov similarity scaling was used to investigate

Evaluation of the UK MetOffice Unified Model operat  ional forecast using ASCOS data
Michael Tjernstrom, Cathryn Birch and lan Brook®€ds University, UK)

The UK MetOffice graciously supported the Arctidng column output from the global version of the
Summer Cloud Ocean Study (ASCOS) by supplydnified Model (UM) during expedition for opera-
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tional planning. These data were also used for amore detail. The modeled cloud layer that existed
evaluation of the UM after the end of the expediduring this period was too thin and too low in the
tion. The comparisons between the operationaperational forecasts compared to the observations.
MetUM forecasts and the ASCOS observationshis was caused by two distinct problems in the
have reinforced what was found from the studsnodel. Firstly, a problem with data assimilation in
using the AOE 2001 data set. the operational forecast-assimilation cycle pre-
vented the cloud layer from evolving and moving
The positive bias in modeled surface temperatutégher in altitude. Every 12 hours the model is
was found to exist during both the AOE-2001 anfbrced back into a preferred state, which does not
ASCOS obser-vation periods. This is caused byaree well the observations from the ASCOS cam-
feedback of errors involving the surface albedo anghign. The cause of this is not obvious from the
surface energy budget; errors in cloud occurrenemalysis and requires further investigation. The 7-
cause too much radiation to be absorbed at thay unconstrained forecasts did, however, demon-
surface, which causes the surface temperature todteate that the model is able to develop a cloud
overestimated and the temperature-dependent kyer that is similar to the observations.
bedo to be underestimated. More shortwave radia-
tion is thus absorbed at the surface, which lobks tThe second problem involved the interaction be-
surface temperature at 0 °C and the albedo at 50 é4een modeled clouds and vertical atmospheric
structure. The model produced a boundary layer
Unlike the AOE 2001 period, however, a differenthat was always too deep and almost always too
set of model errors occur in the pre-conditioningvell-mixed, due at least in part to the low model
period of the ASCOS observations period. Theertical resolution. Unlike the observations, the
onset of these errors was caused by an erroneonsdeled cloud was often within the boundary
clear period in the model, which significantlylayer, which caused the cloud layer to be too low
cooled the surface. Large biases in the turbuleaten though boundary layer top was too high. Dur-
heat fluxes then offset the positive bias in the ring some periods the model produced a stratocu-
diation budget and thus surface temperature bewlus layer that was decoupled from a stable sur-
came colder than that observed. Cloud occurrenface layer. This is much closer to the type of
was found to be generally represented poorly youndary layer observed and during these times
the model and therefore, the pre-conditioning pehe cloud layer agreed better with the observations
riod was used as a case study to investigate it in

Observations of aerosols and optically thin clouds in the Arctic from a space-borne lidar

Michael Tjernstrom: Abhay Devasthale (SMHI), Jos&ghllar (SMHI), K.-G. Karlsson and Colin Jones (SMH
Mannu Anna Thomas (University of East Anglia, UX),Omar (NASA Langley, USA)

Clouds and aerosols play a crucial role in the Aré/hen computed for the entire study area, probabil-
tic climate system and therefore, it is essental ity density functions of cloud base and top heights
accurately and reliably quantify and understandnd geometrical thickness peak at 200—400, 1000—
their properties over the Arctic. It is also im@ort 2000 and 400-800 m, respectively, for thin water
to monitor and attribute changes in Arctic condielouds, while for ice clouds they peak at 6-8, 7-9
tions. Here, we exploit the capability of theand 400-1000 m, respectively. In general, liquid
CALIPSO-CALIOP instrument and provide com-clouds were often identified below 2 km during all
prehensive statistics of tropospheric thin cloudseasons, whereas ice clouds were sensed through-
and aerosols, otherwise extremely difficult teut the majority of the upper troposphere and also,
monitor from passive satellite sensors. We use 4 put to a smaller extent, below 2 km for all seasons
of data (June 2006—May 2010) over the circumpd-he bulk of aerosols, from about 65% in winter to
lar Arctic, here defined as 67—82 and character- 45% in summer, are confined below the lowermost
ize probability density functions of layer base an#lilometer of the troposphere. In the middle tropo-
top heights, geometrical thickness and zonal distsphere (3-5 km), spring and autumn seasons show
bution of cloud or aerosol layers, and discuss seslightly higher aerosol amounts compared to other
sonal variability of these properties. two seasons. The relative vertical distribution of
aerosols shows that clean continental aerosokis th
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largest contributor in all seasons except in summeresses, suggesting that they appear more often
when layers of polluted continental aerosols amptically thicker and higher up in the troposphere.
almost as large. In winter and spring, polluted-con
tinental aerosols are the second largest contribufgylicatons
to the total number of observed aerosol Iayer?*,evas;hileHAé MT, };6161' i;arl_sson,fM.A. Thohmz_smfhes,l Sed-

. . nd A. H. Omar, : A view of tropo-sphehi features over
Wher?as clgan marine aerosol is the second Iargﬁg rctic from CALIPSO observations. Part I: Optlg thin clouds.
contributor in summer and autumn. The PDFs atillus, 63, 77-85, DOI: 10.1111/j.1600-0889.2016TRXX.
the geometrical thickness of the observed a_lero%élvasthale,A., MT, and A.H. Omar, 2011: A viewra@fospheric
layers peak about 400—700 m. Polluted continentain features over the Arctic from CALIPSO obsenrat. Part II:
and smoke aerosols, which are associated with thgiosols. Tellus, , 63, 86-95, DOI: 10.1111/1.1600-
; . : . 9.2010.00517.x.
intrusions from mid-latitudes, have much broader
distributions of optical and geometrical thick-

Multisensor analysis of lower troposphere stability in the summer Arctic

Michael Tjernstrom, Joseph Sedlar, Thorsten MaaritdMatt Shupe and Ola Persson (CIRES, Univers$iGoto-
rado, Boulder, USA)

The vertical dynamical coupling between layers ifiles according to clouds (ice or liquid water).
the lower atmosphere remains and issue in Arctirom this set of observations we derive the vdrtica
climate studies. The problem remains that direetjuivalent potential temperature gradient and thus
turbulence observation cannot easily be made thae Brunt-Vaisala frequency. Wind speed profiles
heights higher than short masts. In the Arctiare derived from a combination of observations
Summer Cloud-Ocean Study (ASCOS) the higheBbm a Doppler sodar below 600 m and from 1 449
mast was 30 m while the capping inversion wadlHz wind profiling radar aloft; the sodar is pre-
sometimes as high as 1 km. The inversion wdsrred and wherever there are no sodar observa-
capping a cloud and indirect evidence, an reasotiens the wind profiler observations are used.Ri i
able theory, indicates that the cloud layer was tuthe ratio of the Brunt-Vaisala frequency and the
bulent; this turbulence, driven by cloud-top radiawind speed gradient squared.
tive cooling, has the potential to reach the s@fac
but it is not easy to determine when and if it doe®ue to the highly variable wind speed profiles and
The shear-driven surface boundary layer on ttehviding with the square of a gradient, the resgti
other hand is typically seldom deeper than a feRichardson number as a function of time and
hundreds of meters. height is very noisy. Time filtering is requireddan
the end result is a mask of time/heights where:
In an attempt to elucidate at least the possigditi Ri<0, vigorous turbulence exist; 0<Ri<0.25, turbu-
for mixing to occur between different layers, wdence should exist; 0.25<Ri<1, turbulence may
instead of using direct observations try and conexist.0; Ri> 1.0, no turbulence.
bine the results from several remotes sensing in-
strument to classify the temporal development (&[T == ' " 3
profiles of a stability indicator, the Richardsor o e s P ot
number (Ri). To do this profiles of static stalyilit 500"’"%'"
under moist or dry conditions and wind speed pr¢ ob—
files are needed. The profiles of static stabititg
derived from a scanning microwave radiomete o
which, when supported by 6-hourly radiosounsing o [%%
provide 5-minute resultions of temperature profile 5}®
up to about 1 km. Information from the millimeter- &
wavelength cloud Doppler radar, along with ¢« *
dua|—Wave|er]gth microwave radiometer ar]d a |iﬁme-hejght cossections from ASCOS (date of August) showing (top) cloud radar
reflectivity, with a few sounding potential temperature profiles, and (bottom) a Ri-

dar, is used to mask the vertical temperature [Pr@mber classification, where blue colors indicate that turbulence would be possible

while red indicates it should be suppressed.

26 27 28 29 30 31 01
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ACRONYMS

ACRONYMS

ABC
ACC
ACE
ACIA
ADM
ALOMAR
AO
AOE
AP
APS
ARCMIP
ASCOS
ASTAR
AWI
CABLE
CACGP
CAD
CANTAT
CARMA
CCM
CCN
CIRES
CM
CMAM
COAMPS
CPC
Cw
DM
DMPS
DMS
DMSP
DNMI
DOAS
DSMC
EAPS
eARI
ECMWF
ECOMA
EPS
ERA
ESA
EUFAR

Atmospheric Brown Clouds

Antarctic Circumpolar Current

Aerosol Characterisation Experiment

Arctic Climate Impact Assessment

Atmospheric Dynamics Mission

Arctic Lidar Observatory for Middle Atmosgine Research
Arctic Oscillation

Arctic Ocean Expedition

Atmospheric Physics (a section of IMI/MISU)
Aerodynamic Particle Sizer

Arctic Regional Climate Model IntercompamsProject
Arctic Summer Cloud-Surface Study

Arctic Study of Tropospheric Aerosols, Cleuahd Radiation
Alfred Wegener Institute

Co-operation Alomar Bi-static Lidar Experimnte
Commission on Atmospheric Chemistry and @l¢ollution
Composition of Asian Deposition

Canadian Transatlantic Circulation

Commnity aerosol and radiation model for aipheres
Chemistry climate model

Cloud Condensation Nuclei

Cooperative Institute for Research in theiBmmental Sciences
Chemical Meteorology (a section of IMI/MISU)
Canadian Middle Atmosphere Model

Coupled Ocean/Atmospheric Mesoscale Piedi@ystem
Condensation Particle Counter

Coastal Waves

Dynamic Meteorology (a section of IMI/MISU)
Differential mobility particle sizer

Dimethyl Sulfide

Dimethyl Sufonium Propionate

Det Norske Meteorologiske Institutt

Differential Optical Absorption Spectroscopy

Direct Simulation Monte Carlo technique farefied flows
Earth, Atmospheric and Planetary Sciences

enhanced Alomar Research Infrastructure

European Centre for Medium Range Weatheedasts

Existence and Charge state Of Meteoric @ute middle Atmosphere

Exopolymer Secretions

ECMF Re-Analysis

European Space Agency

European Fleet for Airborne Research
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FSSP
GABLS
GC
GCM
GEWEX
HIRLAM
ICSU
IGBP
IT™

IMI

IN
INDOEX
IPCC
IPY
ISAC
IT™
LwcC
MAGIC
MBL
MISU

MIUU
MPI
MSA
MSLP
NADW
NCAR
NEAQS
NLC
NOAA
NRL
OEM
OPC
OSIRIS
PRMIER
PSAP
RAPIDC
RCA
RCO
SAT
SEI
SHEBA
Sida
SLAM

114

Forward scattering spectrometer probe
GEWEX Atmospheric Boundary Layer Study
Gas Chromatograph
General Circulation Model
Global Energy and Water Cycle Experiment
High Resolution Limited Area Model
International Council of Science
International Geosphere-Biosphere Programme
Indian Institue of Tropical Meteorology
The International Meteorological Institute 8tockholm
Ice Nuclei
Indian Ocean Experiment
Intergovernmental Panel on Climate Change
International Polar Year
International Study of Arctic Change
Institute of Applied Environmental Research
Liquid Water Content
Mesospheric AerosolSenesis, Interaction and Composition
Marine Boundary Layer

Meteorologiska Institutionen, Stockholms Ugrisitet
(Department of Meteorology, Stockholm University)

Meteorologiska Institutionen, Uppsala Univiees
Max-Planck-Institute

Methane Sulphonic Acid

Mean-Sea-Level pressure

North Atlantic Deep Water

National Center for Atmospheric Research, IBey USA
The New England Air Quality Study

NoctiLucent Clouds

National Oceanic and Atmospheric Administoati USA
Naval Research Laboratory, Washington D.C.
Optimal Estimation Method

Optical Particle Counter

Odin Spectrometer and InfraRed Imaging&yst
Process Exploration Measurements InframeittEd Radiation
Particle Soot Absorption Photometer

Regional Air Pollution in Developing Couieis

Rossby Centre Atmospheric model

Rossby Center Ocean model

Surface Air Temperature

Stockholm Environment Institute

Surface Heat Budget of the Arctic Ocean

Swedish International Development Cooperatiothority
Scattered Lyman-Alpha in the Mesophere
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SMHI
SMR
SNSB
SST
STEAM
SuU
SWECLIM
SWIFT
TA
TEM
THC
TOA
TRACE
UT/LS
WCRP
WMO
ZAMM

Swedish Meteorological and Hydrological Itisté
Sub-Millimetre Radiometer

Swedish National Space Board

Sea Surface Temperature
Stratosphere-Troposphere Exchange And céirividnitor
Stockholm university

SWEdish regional CLImate Modelling prognae
Stratospheric Wind Interferometer for Tramsstudies
Transnational Access

Transmission electron microscopy

ThermoHaline Circulation

Top of Atmosphere

Transport and Chemical Evolution

Upper Troposphere/Lower Stratosphere

World Climate Research Programme

World Meteorological Organization

Zeitschrift fir Angewandte Mathematik und Memnik
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