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AS - Atmospheric Sciences

e Vilhelm Bjerknes Medal Lecture by Akio Arakawa

AS1 - Meteorology

e Dynamical Meteorology

e Numerical Weather Prediction and Data Assimilation
(including Vilhelm Bjerknes Medal Lecture)

e Joint Session of the MLT and the CAWSES programme

AS2 - Boundary layer processes

e Air-Land Interactions

e Air-Sea Interactions

e Basic Studies on Turbulence in Atmospheric and Oceanic Boundary Layers

AS3 - Atmospheric chemistry and aerosols

e Air Pollution Modelling

o Satellite observations of tropospheric composition and pollution, analyses with
models and applications

e Monitoring Atmospheric Composition and Climate



K yHudmkaumm mHoromacwitabHoro mogenmpoBaHusa aTtmocdepbil.

Jlekuns no cnyyatro BpyveHusa meaanu Bunorenoma bbepkHeca.

NMpodeccop Akno ApakaBa
Otgen atmocdepsl 1 okeaHa, YHmBepcuteta KanndopHun, CLUA

Bunorenom bbepkHec oTMeyan, 4To HeOOXoAUMbLIM ycrnoBueM Ans
pa3yMHOro peweHus npodbnemMbl NPOrHo3a ABMAETCA AO0CTAaTOYHO aKKypaTHoe
3HaHue TeX 3aKOHOB, B COOTBETCTBUU C KOTOPbIMM aTMOocdepa nepexoauTt us
OAHOro cCocTosiHuA B Apyroe. B uncneHHom mogennpoBaHumn atmocdepbl
OCHOBHbI€ YCUIUA HanpaBreHbl Ha YCTAaHOBNEHNEe 3TUX 3aKOHOB. ATO OCOOEHHO
BaXHO ANS MoAaenMpoBaHUA MHOIroMacLITabHbIX aTMOC(epHbIX npoueccoB. JTO,
Hanpumep, KacaeTca npeacTaBrieHUA rnyookom obnavyHoCTy.

UmeloTca aBa TMna noaxoaoB: OAVH - 3TO NapamMmeTpu3auma obravyHbIX CUCTEM B
Moaenax rnodarnbHON LUPKYNAUMN U BTOPOU — ABHOE MoaeNnupoBaHue MHOu-
BuayanbHbIX 00f1akoB B moaensax. B naeane atu gBa tTuna moaerien AOMXKHbI
ObITb YHUMLUMPOBaHbI ANSA NIaBHOrro nepexoana ot O4HOro Tuna moaeriem K
Apyromy co cmeHoun paspeweHus. K coxaneHuro, Taknx mogeriem B HactosiLee
BpeMsl He cyliecTByeT. JTa 3aaya ABNSAETCA UCKITHUYUTESIbHO BaXXHOM.
N3BecTHbI NONbLITKU pa3paboTaTb T.H. «cyneprnapamMmeTpusauumn» Ha ocHoBe 2D
moaeneu (Fpabosckun 2001, XanpytanHos, PaHaenn, 2001), ogHako OHM nMeroT
pAan orpaHN4YeHnUn, CBA3aHHbIX C ABYMEPHOCTLIO.

B nekuuu Ha ocHoBe paboTt FOHra n ApakaBbl npeanaraeTcs «KBa3u-
TpexMepHbIN» noaxon, KOTOPbIU, KaK yTBepXaaeTcsA, UMeeT CXOAUMOCTb K
TpexMepHbIM MoAensam obLwen LUpKynaumm atmocdepbl Npu yBeriIu4eHUU
pa3pelweHns B NocrneaHux.
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Oral Programme EMS 2009 — AS1.2
Numerical Weather. Prediction and Data Assimilation
(Including Vilhelm Bjerknes Medal Lecture)

. Zhiquan Liu, Craig Schwartz, Yongsheng Chen, and Xiangyu Huang. Satellite

Radiance Assimilation with an Ensemble Adjustment Kalman Filter

. Xiang-Yu Huang. WRFDA 2010 Status
. Dan Cornford, Yuan Shen, Michael Vrettas, and Manfred Opper. Beyond weak

constraint 4DVAR: a bridge to Monte Carlo methods?
Zavisa Janjic, Tijana Janjic, and Ratko Vasic. Multi-scale Eulerian model within
the new National Environmental Modeling System

. Celal Konor and Akio Arakawa. Comparisons of the Anelastic and Unified Modes

Based on the Lorenz and Charney-Phillips Vertical Grids

. Colm Clancy and Peter Lynch. Advantages of a Laplace transform filtering

integration scheme over semi-implicit methods in a global shallow water model

. Akio Arakawa. Toward unification of multiscale modeling of the atmosphere

(Vilhelm Bjerknes Medal Lecture)

. Dan Holdaway, John Thuburn, and Nigel Wood. A Comparison of Vertical

Staggering for Coupling Large Scale Dynamics to the Planetary Boundary Layer.

. William Grey. Improvements to the boundary layer scheme of the linear model

in the Met Office's NWP Data Assimilation System



Oral Programme EMS 2009 — AS1.2
Numerical Weather. Prediction and Data Assimilation
(Including Vilhelm Bjerknes Medal Lecture)

10. Pieter Groenemeijer and George Craig. Implementation of the Plant-Craig
stochastic parameterization of deep moist convection in a numerical atmospheric
model

11. Roberto Buizza, Lars Isaksen, Martin Leutbecher, and Tim N Palmer. Ensemble
prediction and data assimilation at ECMWF

12. Jian-Wen Bao, Evelyn Grell, Georg Grell, Jeff Whitaker, and Tom Hamill. Physics-
Based Stochastic Ensemble Generation in the NCEP GFS Model

13. Yubao Liu, Wanli Wu, Linlin Pan, Francois Vandenberghe, Gregory Roux, Will, Y.Y.
Cheng, Gael Descombes, Hui Liu, Tom Warner, and Scott Swerdlin. Development of
a seamless mesoscale ensemble data assimilation and prediction system

14. Victor Homar Santaner and David J Stensrud. Quasi-most unstable modes: a
window to '? la carte' ensemble diversity?

15. Thomas Frame, John Methven, Suzanne Gray, and Maarten Ambaum. The
predictability of weather regime transitions in the ensemble forecasts.

16. Marius Opsanger Jonassen, Haraldur ?lafsson, Dubravka Rasol, and Joachim
Reuder. The Sea Breeze in South-Iceland: Observations with an unmanned aircraft
and numerical simulations



Dissolved methane transport in the
Arctic water: Observed data and
Simulation

Victor Kuzin, Valentina Malakhova and Elena Golubeva

Laboratory of Mathematical Methods in Geophysical
Hydrodynamics,
Siberian Hydrometeorological Institute,

Institute of Computational Mathematics and
Mathematical Geophysics RAS, Russia.
E mail: kuzin@sscc.ru




Goals

= Analysis of the observational data to obtain the possible
methane sources in the Arctic basin;

= Analysis of the role of some of these sources for
Increasing of the amount of the dissolved methane in the
Arctic waters on the basis of the numerical simulation.



Dominating
sources of methane in the Arctic
marine environment

o Ihe Siberian Rivers runoff
o Submarine volcanos

a The Methane Hydrate



Arctic basin and the main rivers

Arctic ocean form 5% of
total area of the World
ocean and 1.5% of its
volume. However it
gives input 10% of total
fresh water into the
World Ocean. Siberian
rivers gives about 55%
of the total volume,
McKenzy - 5 %,

the Bering strait gives
about 40%.

Global Hydrological Archive
and Analysis System




Dissolved methane In the East-Siberian Sea
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s Distribution of dissolved methane in the surface

layer (a), and bottom layer (b) (Shakhova and
Semiletov, 2006). One can see the essential
increasing of the dissolved methane
concentration during three years

s Surface layer maximum: 2003 - 30 nM, 2004 -

115 nM, 2005 — 500 nM

= Bottom layer : 2003 - 87 nM, 2004- 154 nM, 2005

— 220 nM



Methane In the air above the sea water

U Synchrony measurement in the
subsurface ocean layer and in
the atmosphere in the Earstern

_ Siberian shelf(Shakhova and

e Semiletov, 2007) gives that

anomaly high values in air

(8 ppm) Is situated above the

anomaly high concentrations in

surface water layer (500 nM).

O The calculated summer flux CH4

D.Laptev Strait
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U For the whole region of the map
Methane concentration in an a loss of C corresponds to
atmosphere surface layer. g and 0]

September 2005r. in 2003 and 2004, respectively.



3D Arctic - North Atlantic circulation numerical model

A 3D mathematical model of the dissolved gas
transport by the ocean currents is used to assess
the amount of a possible methane flux from the
river runoff sources.

The ocean circulation model has
been constructed at the Institute of
Computational Mathematics and
Mathematical Geophysics SB RAS,
for the North Atlantic and Arctic
basins. For modeling Arctic
methane fluxes, the river runoff as
the methane source were taken into
account.




Two main modes of the Arctic Ocean circulation as

feedbacks to NAO index variability. Model results.

Positive NAO index - Negative NAO index —
Anticyclonic mode Cyclonic mode

1960, 1961, 1963,1965,1966,1969,
1970-1973, 1977-1980,1982-1983, 1967,1968,1981,1984,1989,1993,

1985-1986, 1988, 1992,1994, 1996, 1995,1997,1999, 2000, 2002, 2003
1998, 2001



Distribution of the dissolved methane to the
deep layers from coupled sources.

1969 — anticyclonic mode. 1997 — cyclonic mode

a0 100 110

The tracer propagate to the central part of The tracer, associated with the methane is blocked

the Arctic and then is transported by the in the shelf zone and only small part penetrate to
Transpolar Drift to the Greenland the central Arctic derived by the current



Vertical cross-section of the dissolved
methane In the river estuary regions (nM).

&l The vertical distribution of the tracer shows
=8 different behavior for the different sources.
M For the Yenisei and Ob rivers the tracer is
Jll blocked on the shelf, near the estuary, the
B Lena’s river tracer is propagate not only

gl near the surface but penetrate to the

&8 deeper layers where its further behavior is
derived by the ocean currents.




Currently methane seeps are a
subject of intense interest in the
marine research, particularly
those that are associated with
gas hydrate occurrences.
Methane fluxes at those seeps
have a significant impact on the
local and, possibly, regional
carbon budgets.



Methane concentration In the water above the volcano nivi.
Simulation results

Haakan Mashi (niale) (16,4742 79.9089) - (13.4258 79.4296)

150 200
krm

Haakan Moshi {nhale) (14,9472 50.5419) - (12.127 76.7715)




Gas hydrates

s Gas hydrates are an ice-like
material comprised of gas
molecules entrained by frozen
water. They are trapped by
sediments in permafrost and in
the ocean bottom sediments.

f [-H-l 6H 2 ﬂ:l wlid 'l: CH 4 } gas 6 'LH 2 “} water
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Regional Barents and Kara Seas Coupled sea-ice model of Arctic
Model (nested) and North Atlantic
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