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Abstract. We present the elements of a new advanced non-stationary theory of global mechanisms
in atmospheric low-frequency processes, teleconnection effects to modelling global atmospheric
behaviour, dispersion of radionuclides, assessing radioactivity impact of the Fukushima (Chernobyl)
nuclearaccidents onthe environment. The approach is based on the energy, momentbalance relationships
for the global atmospheric low-frequency processes, atmospheric macroturbulence theory, link of
tropospheric waveguides with atmospheric moisture circulation and, accordingly, with the shape of
the atmospheric circulation over the position of the front sections of (atmospheric fronts as the main
drives moisture). Atmospheric moisture cycle is linked with such typical low-frequency process as
the angular momentum balance; the latter accounts violation of the atmosphere rotating balance with
the Earth, which may be under developing meridional processes with the implementation of the mass
transfer of air and steam between the tropical latitudes (with a large linear velocity) and slowly rotating
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air masses of the polar latitudes (a process of slow teleconnection). The approach is realized and
implemented into the new microsystem technology "GeoMath-RadEnv" and focused on the testing
and prediction of the air mass (particles) flows in the global atmospheric picture, determination of
the new predictors for long-term and very long-forecasts of low-frequency atmospheric processes. PC
experiments demonstrated the effectiveness of the approach in applying to modeling the balance of
angular momentum, the transfer of atmospheric masses (moisture flow) with respect to the genesis of
tropospheric waveguides, the continuity of atmospheric circulation forms (telecommunication, front-
genesis). The application of the method to the modeling of global atmospheric behavior, the scattering
of radionuclides after accidents at the nuclear power plant in Fukushima (Chernobyl) demonstrates its
effectiveness, which is confirmed by the physically reasonable agreement between the predicted and
measured spatial distribution of radionuclides in the atmosphere, the direction and dynamics of the
flows of air masses (particles).

Keywords: atmospheric low-frequency processes, energy and angular momentum balance,
teleconnection, global atmospheric behaviour and dispersion of radionuclides, nuclear power plant
accidents and radiation-environmental consequences

HOBUI BAJTAHCOBHUM MIIXIJI 10 MOJAEJTIOBAHHSI MAKPOTYPBYJIEHTHOI

ATMOC®EPHOI TUHAMIKH, TIPOCTOPOBOI'O PO3NOILITY PAJIOHYKJILIIB

B NIOBAJIBHIT ATMOC®EPI, iX BIIJINBY HA HABKOJIMIIIHE CEPE/JIOBUILE
IICJISI IAEPHOI ABAPII HA AEC ®YKYCIMA

A. B. I'nywkos, A. B. Pomanosa, B. B. bysaoacu, E. B. baxynuna, O. IO. Xeyeniyc, A. A. Ceunapernixo,
A. C. Benooonos

AHoTanisi. My nipeicTaBIsiEMO €JIEMEHTH HOBOTO HECTAI[IOHAPHOT TEOPii, 110 ONMUCYE II00aTbHI
MeXaHi3MH B aTMOC(EepHUX HU3bKOYACTOTHUX Mpoliecax, e(hekTH TeIeKOHHEKIIIl Ta 1H. U1 MOAEIIO-
BaHHS 00aIbHOI aTMOC(hepHOi MOBEIIHKH, MPOCTOPOBO-YACOBOTO PO3MOALTY (AucIepcii) paaioHy-
KJI1/IiB, OLIHKHM PaJl0aKTUBHOIO BIUIMBY HACIIJKIB aBapiii Ha aTOMHHUX eNeKTpocTaHlisx Pykycima
(YopHOOWIIb) HA HABKOJIMIIIHE cepenoBuie. Lleit miaxin 3acHOBaHUM Ha BUKOPHCTaHHI 0alaHCOBUX
CIIBBIIHOIIICHB ISl €HEPrii Ta KyTOBOI'O MOMEHTY B TIOOAJbHHUX aTMOC(HEPHUX HU3BKOYACTOTHUX
nporecax, Teopii arMmochepHoi MakpoTypOylIeHTHOCTi, aTMOC(HEPHOT0 BOJIOTO000POTY y MOAAIb-
[IOMY 3B'SI3Ky 3 T€HE3UCOM TPOIMOC(HEpHUX PaTioOXBUIBOBOJIB 1 HACTYHHICTIO (opMm aTMocdepHoi
MUPKYIALIT (TETeKOHHEKIis, TeHe3uC (DPOHTIB), BUSBICHHI HOBUX MPEAUKTOPIB B CEPEIHBO- 1 IOBIrO-
CTPOKOBOMY TPOTHO3YBaHHI JMHAMIKA HM3bKOUACTOTHUX aTMOC(eEpHUX mporieciB. B pamkax Teopii
BHSIBJIICHHH 3B'SI30K TaK 3BaHUX TPOIMOCHEPHUX PaTiOXBUICBOIIB 3 aTMOC(HEPHUM BOJIOTOOOOPOTOM 1
BIJIMOBIAHO 3 OpPMOIO aTMOC(EepHOT HUPKYIALIT uepe3 MonokeHHs GPOHTATBHUX PO3ALTIB (aTMOC-
bepHux GPOHTIB K OCHOBHUX HAKOMHMUYBayiB BOJIOTH). ATMOC(HEpHHI BOJIOr000OpOT MOB'SI3aHUN 3
TaKUM THIIOBO HU3bKOYACTOTHUX MPOIECOM SIK BUKOHAHHS OajlaHCy 10 €Heprii Ta KyTOBOMY MOMEH-
Ty armocepu. OcTaHHIl XapakTepu3ye MOpyIIeHH O0anaHCcy o0epTaHHs aTMocdepu pa3oMm i3 3eM-
JICE0, SIKE MOXE TPOXOIUTH TPU PO3BUTKY MEPUIIOHAIBHUX TPOIIECIB 13 3MIHCHEHHSM MEPCHECEHHS
MacHy TIOBITPS 1 mapa MDK TPONIYHUMH IMHPOTaMH (3 BEIUKOKO JIHIHHOK IIBUAKICTIO) 1 MOBUIBHO
00epTaroThCs MOBITPSIHUMHA MacaMH MPUIOISPHUX MUPOT (MPOoIec MOBLIBHOI TenekoHHekIi). [Tia-
X1/ peani3oBaHU y BUINISAAI HOBO1 MikpocucTeMHoi TexHosorii "GeoMath-RadEnv" 1 opienToBanuit
Ha TECTYBaHHS 1 MPOTHO3YBaHHS MOTOKIB PyXy MOBITPSHUX Mac (4aCTUHOK, PaIiOHYKIIIIB) B IJIO-
OanbHI aTMoCchepHil KapTHHI, BA3HAYCHHS HOBUX MPEAUKTOPIB M1l CEPEAHBO- 1 IOBIO-CTPOKOBOTO
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MPOTHO3YBAaHHs HU3bKOYACTOTHUX arMocgepHux mporecis. [IK-ekcnepumMeHTH TpoJeMOHCTPYBaJIH
e(EeKTHBHICTH MIAXOAY B 3aCTOCYBaHHI /10 MOJIETIOBaHHS 0aJlaHCy KyTOBOTO MOMEHTY, IIEpeHOCy ar-
MocdepHUX Mac (BOJIOroo0OpoTy) MO BiTHOLICHHIO O T€HE3HCY TPONOCHEPHUX PasliOXBUIIEBOIIB,
HACTYMHOCTI opM armMocdepHoi HMUPKYIALIT (Tese3B's130K, (POHT-TeHE3HC). 3aCTOCYBaHHS METOLY
JI0 MOJICITIOBAaHHS IT00ANbHOI aTMOC(EpHOro MOBEAIHKH, PO3CIIOBAaHHS PaJioOHYKIIAIB Mmicis aBapil
Ha aTOMHIi enekTpocTtanuii Pykycima (HopHOOUIb) 1eMOHCTpY€E HOro €(PEeKTUBHICTb, 110 MiATBEp-
JOKYETBCSL (DI3UYHO PO3YMHHMM 3TO/I0I0 MIXK Tepen0adeHnuM 1 BUMIPSHUM MPOCTOPOBUM PO3MOALTIOM
panioHyKJIi1iB B aTMOC(epi, HAPSIMKOM 1 JMHAMIKOIO IOTOKIB PYXy MOBITPSIHUX Mac (4aCTOK).

KarouoBi ciioBa: armochepHi HU3bKOYACTOTHI TpoliecH, OajaHc eHeprii Ta KyTOBUX MOMEHTIB,
TeJIeKOMYHIKallii, mobasibHa aTMoc(epHa MOBE/IiHKa Ta AUCHIePCis paJioHyKIIiIiB, aBapii Ha aTOMHHUX
eJIEKTPOCTAHIIISIX Ta palialliiiHO-eKOIOT14HI HACIAKH

HOBBII BAJTTAHCHBII IMTOAXO0J K MOJAEJNPOBAHMIO MAKPOTYPBYJIEHTHOI
ATMOC®EPHOI JUHAMUKH, TIPOCTPAHCTBEHHOT'O PACTIPE/IEJIEHHS
PAJIMOHYKJINIOB B INTOBAJIbHOII ATMOC®EPE, X BO3IEIICTBHUS HA
OKPYKAIOLYIO CPEJY NOCJIE SIIEPHOI ABAPUU HA ADC ®YKYCUMA

A. B. Imywkos, A. B. Pomanosa, B. B. bysioxcu, E. B, bakynuna, O. IO. Xeyenuyc,
A. A. Ceunapenxo, A. C. berooonos

AnHOTanusA. Mbl npencTaBisieM 3JIEMEHTHl HOBOIO HECTAllMOHAPHOW TEOPUU, ONMUCHIBAIOLIECH
100aJbHBIE MEXaHU3MbI B aTMOC(EPHBIX HU3KOUACTOTHBIX IMpoIieccax, 3PPeKThl TeICKOHHEKIUH U
Jp. U MOZIETTMPOBAHUS I100ATLHOTO aTMOC(HEPHOT0 MTOBEICHUS, AUCTIEPCUU PATUOHYKIIUOB, OIICH-
KM PAaJMOAaKTUBHOIO BO3ACHCTBUA MOCIEACTBUN aBapuil HAa aTOMHBIX JIEKTpocTaHuusax dykycuma
(UepHOOBLIB) OKPYXKAIOILIYIO Cpely. DTOT IMOIXO0] OCHOBAH Ha MCIIOJIH30BAHNHU 0ATaHCOBBIX COOTHO-
IICHUH IS SHEPTHM M YIJIOBOTO MOMEHTA Ul INTOOANbHBIX aTMOC(EpPHBIX HU3KOYACTOTHBIX IPO-
[[ECCOB, TEOPUHU aTMOC(HEepHON MaKpPOTYpPOYICHTHOCTH, aTMOC(HEPHOTO BIAroo0opoTa B JaibHEHIIEH
CBSI3U C TEHE3UCOM TPOMOCHEPHBIX PaTUOBOTHOBOIOB U MPEEMCTBEHHOCTHIO (popMm aTrmocdepHOit
LUPKYJISIHAN (TEJIEKOHHEKIUS, TeHE3UC (PPOHTOB), BBISBICHUHU HOBBIX MPEIUKTOPOB B CPEIHE- U 1011~
rO-CPOYHOM MPOTHO3UPOBAHUHU JTUHAMHKH HHU3KOYACTOTHBIX aTMOC(HEpHBIX MpolueccoB. B pamkax
TEOPHH BBISIBIICHA CBSA3b TAK HA3bIBAEMBIX TPOMOC(EPHBIX PaJinOBOIHOBOAOB C aTMOC(HEPHBIM BIaro-
00OpPOTOM U COOTBETCTBEHHO ¢ (OPMOIl aTMOC(hHEPHOI HUPKYIAILIH Yepe3 MOJI0KeHHE PPOHTATIBHBIX
pasnenoB (aTMochepHbIX GPOHTOB KAK OCHOBHBIX HAKOMUTENEH Bi1ark). ATMoc(hepHbIil B1aroo0opot
CBSI3aH C TAKUM TUITMYHO HU3KOYACTOTHBIM MPOLIECCOM KaK BBIIOJHEHHE OajlaHca 1o SHEPHH U YIIIO-
BOMY MOMEHTY arMocdepsl. [Tocnennuit xapakrepusyeTr HapylieHne 0aganca BpalleHus aTMOChepsI
BMECTE ¢ 3emiieii, KOTOpOE€ MOXKET MPOXOJUTH MPH Pa3BUTHH MEPHIMOHAIBHBIX MPOIECCOB C OCY-
IIECTBJICHUEM MIEPEHOCa MacChl BO3IyXa U Mapa MEX/ly TPOMMYECKUMH MUPOTaMH (C OOJIBILION JIu-
HEIHOI CKOPOCTHIO) U MEUIEHHO BPALAOIIMMUCS BO3AYUIHBIMH MAacCaMH IMPUIIOISPHBIX IIHPOT
(mpouecc MeIeHHOU TesleKoHHEKIUN ). [Tonxo peanu3oBaH B BUJE HOBOM MUKPOCUCTEMHOM TEXHO-
noruio "GeoMath-RadEnv" u opueHTHpOBaH Ha TECTUPOBAHUE U MPOTHO3UPOBAHUE ITOTOKOB JIBUKE-
HUS BO3YIIHBIX Macc (4acTHIl) B TII00aNbHOM aTtMocdepHOit KapTHHE, OIpe/ie/IeHHe HOBBIX MPEIUK-
TOPOB JIJIs CPEAHE- U JJOJITO-CPOYHOTO IPOTHO3UPOBAHUS HU3KOYACTOTHBIX aTMOC(EPHBIX MTPOIECCOB.
[TK-3KcriepuMeHTsl TPOAEMOHCTPUPOBATH APPEKTUBHOCTH MOAX0/AA B IPUMEHEHUH K MOJIEINPOBA-
HUIO OajlaHca YIIIOBOTO MOMEHTA, MIEPEHOCY aTMOCc(hepHbIX Macc (BIaroo60poTa) Mo OTHOLICHHUIO K
TeHE3UCY TPONOC(EPHBIX PaJMOBOIHOBOIOB, IMPEEMCTBEHHOCTH (POpPM aTMOC(HEPHON HUPKYIAIUH
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(Tenecss3b, (poHT-reHe3uc). [IpumeHeHre MeToaa K MOJECIUPOBAHUIO II00AIBHOIO aTMOC(epHO-
ro MOBEJIEHUS, PACCESIHUS PAJJUOHYKIINIOB IOCJE SIEPHON aBapuu Ha aTOMHBIX JIEKTPOCTAHLUAX
@ykycuma (YepHOOBLIb) AEMOHCTPUPYET €ro 3(PPEeKTUBHOCTb, UYTO MOATBEP)KAAETCS (PU3HUECKH
pa3syMHBIM COTJIACHEM MEXTY TPEICKa3aHHBIM ¥ N3MEPEHHBIM IIPOCTPAHCTBEHHBIM pacTIpe/Ie]ICHUEM
pPaIMOHYKIHIOB B aTMoc(depe, HampaBIeHHEM U JTUHAMUKOW TTOTOKOB JIBUKEHHUS BO3IYIIHBIX MaccC

(dactu).

KiroueBble ciioBa: arMoc(hepHble HU3KOYAaCTOTHBIE TIPOIIECCHI, OaJaHC SHEPTHUH U YIIIOBOTO MO-
MEHTa, TEJEeCBs3b, IMI00AbHOE aTMOC(EPHOE MOBECHUE M TUCIIEPCHS PATUOHYKIINIOB, aBapHH Ha
ADC u paananmoOHHO-3KOJIOTUYECKHUE TTOCIEICTBUS

1. Introduction

In development of earlier works [1-7], in this
paper we present the elements of a new advanced
non-stationary theory of global mechanisms in
atmospheric low-frequency processes, telecon-
nection effects to modelling global atmospheric
behaviour, dispersion of radionuclides, assessing
the radioactivity impact of the Fukushima (Cher-
nobyl) nuclear accidents on the environment.
The approach is based on the energy, moment
balance relationships for the global atmospheric
low-frequency processes, atmospheric macrotur-
bulence theory, link of tropospheric waveguides
with atmospheric moisture circulation and, ac-
cordingly, with the shape of the atmospheric cir-
culation over the position of the front sections
of (atmospheric fronts as the main drives mois-
ture). The approach is realized and implemented
into the new microsystem technology “RadEnv-
Math” and focused on the testing and prediction
of the air mass (particles) flows in the global
atmospheric picture, determination of the new
predictors for long-term and very long-forecasts
of low-frequency atmospheric processes. The ap-
plication of the method to the modelling of global
atmospheric behaviour, the scattering of radionu-
clides after accidents at the nuclear power plant
in Fukushima (Chernobyl) demonstrates its ef-
fectiveness, which is confirmed by the physically
reasonable agreement between the predicted and
measured spatial distribution of radionuclides in
the atmosphere, the direction and dynamics of the
flows of air masses (particles).

It should be noted that at present time there are
different, quite consistent approaches to model-
ling global atmospheric processes and respective-
ly the methods of modelling temporal and spatial
dispersion of the radionuclides in atmosphere and
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other geospheres, (look for example, [1-4]). One
should mention such methods as MLDPO (Mod¢le
Lagrangien de Dispersion de Particules d’ordre
0 e Canada), HYSPLIT (Hybrid Single-Particle
Lagrangian Integrated Trajectory Model e United
States), NAME (Numerical Atmospheric-disper-
sion Modelling Environment e United Kingdom),
RATM (Regional Atmospheric Transport Model
e Japan), and FLEXPART (Lagrangian Particle
Dispersion Model e Austria). All the ATDMs are
of a class of models called Lagrangian Particle
Dispersion Models (LPDMs) and others (see, for
example, [7,8] and Refs. therein), nevertheless
quantitatively correct description of the global at-
mospheric processes and modelling temporal and
spatial dispersion of the radionuclides in atmos-
phere after accidents at the nuclear power plants
etc remains very important , actual and hitherto
unsolved problem. The results on the correspond-
ing modelling demonstrate as partly reasonable
agreement of the predicted and measured spatial
distribution of radionuclides in the atmosphere,
the direction and dynamics of the flows of air
masses (particles) as the significant disagreement.

2. Global mechanisms in atmospheric low-
frequency processes, balance of the angular
momentum of the Earth, teleconnection ef-
fects: Effective approach

Here we present the fundamental basis’s of a
new advanced non-stationary approach to global
mechanisms in atmospheric low-frequency pro-
cesses, the balance of the Earth angular momen-
tum, teleconnection effects and atmospheric radio
waveguides. The approach has been realized as a
new geophysical microsystem technology “Geo-
Math-RadEnv” [1-4]. The topics studied are of a
great interest for modern physics of large-scaled
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atmosphere processes (see also Ref. [3-10]). As
the key elements of our theory were in details
presented earlier, here we are limited only by the
key advanced aspects. An advanced non-station-
ary angular momentum balance equation of in
the planetary dynamic movements of air masses
is written in the following standard integral form
[2,4]:

ﬂ © H21 Ho) 21 ) )
E'prdV: [ [ [ poMdgdzdz + | [ [ (p}; - pj Ja cos pzdpda +
200 0g 0
0,27 H

+ [ [ [ zoacos pdgdazz,

@ 00

(1)

where M = Qa’cos@ + uacosp - angular momen-
tum; Q - the angular velocity of rotation of the
Earth; a - radius of the Earth; ¢ - Latitude (¢, - ¢,
- separated latitudinal belt between the Arctic and
polar fronts); A - longitude; u, v - zonal and me-
ridional components of the wind velocity; p - air
density; V - the entire volume of the atmosphere
in this latitude belt from sea level to the average
height of the elevated troposphere waveguide - H
(in notations [139] H = o0); ,’ _ - the pressure
difference between the eastern and western slopes
of the i-th mountains; z - height above sea level;
T, - the shear stress on the surface.

From the point of view of physics, the cycle
of balance of angular momentum in the contact
zones with the hydrosphere and lithosphere be-
comes a singularity. This singularity can be de-
tected through the occurrence of zones of fronts
and soliton-type front. Then the kernel of equa-
tion (1) can be defined in the density functional
ensemble of complex velocity potential [2,3]

— 1 &
f=v.z+—) g Inlz—a, )+

2 24 - a) o
1 EMe™ i

2o z—¢,

> I ln(Z - bk)
2riS

and the complex velocity, respectively, will be

v L

$ @ L Mt
dz ° 2r5z-a,

2715 (=)

_iil"k/(z—bk) , )

where w — complex potential; v_— complex veloc-
ity general circulation background (mainly zonal

circulation);b, — coordinates of vortex sources in
the area of singularity; ¢,_— coordinates of the di-
poles in the area of singularity; a_— coordinates of
the vortex points in areas of singularity; M, — val-
ues of momenta of these dipoles;o, — orientation
of the axes of the dipoles; I', q, — values of cir-
culation in the vortex sources and vortex points,
respectively.

In the scheme by Oort [9] the Hadley circula-
tion cell in angular momentum in the north part
runs into a zone of the Arctic front, and at the time
of the lithosphere it is included in the coverage of
the polar front. Convergence of these atmospheric
fronts could then close the cycle of atmospher-
ic angular momentum balance in the same fre-
quency range of atmospheric fluctuations without
giving effect by an ocean and the lithosphere. Of
course, the Hadley tropical cell carries telecon-
nection of the polar front with southern process
by means of the link mechanism which is simi-
lar to link between the tropical and polar fronts
or the Hadley tropical cell with a cell Hadley of
temperate latitudes. The balance of angular mo-
mentum in conditions of the close convergence of
the Arctic and Polar fronts over the ocean (which
is almost always in all seasons and over the conti-
nents in the summer and in the transition seasons)
is largely respected by centrifugal "pull" moisture
along the front section of the polar front to south
of the center of the cyclonic-depressive these.
The physical features of the atmospheric ventila-
tion predetermine the necessary modification of
the well-known Arakawa-Schubert model. The
model includes the budget equations for mass,
moist static energy, total water content plus the
equations of motion (look details in [10]). In [10]
it is also defined a cloud work function which is
an integral measure of the buoyancy force in the
clouds. If 4 is a work of the convective cloud then
it consists of the convection work and work of
down falling streams in the neighbourhood of a

cloud:

dA/dt =d A/dt,,,, +dAldt

conv downstr?

9

“4)

2,

[my K (4,4)dA" .
0

Here A is a velocity of involvement, m (1) is

an air mass flux, K(A, A’) is the Arakawa-Schu-

bert integral equation kernel, which determines
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the dynamical interaction between the neighbours
clouds. The actual form of K(A, ) and F(1)as
well as their derivations are given in Appendix B
[10]. If

L k)

dt downstr.

)‘max (5)
[KA)mp(W)dr + F(L)=0
0

is an mass balance equation in the convective ele-
ment (thermal), then one could write [2]:

my(A)=F(A)+ p .([mB(ﬂ')K(ﬂ,/l’)dﬂ' s

Here f is parameter which determines disbal-
ance of cloud work due to the return of part of the
cloud energy to the organization of a wind field in
their vicinity, and balance regulating its contribu-
tion to the synoptic processes. The solution of the
Eq. (6) with accounting for air stream superposi-
tion of the synoptic processes can be determined
by a resolvent method (see [2-5]:

my(D)=F()+ f [FOT s s, (7

where T(x, sB) is an resolvent of the integral
Eq.(7): )
T(2,s:8)=> p"'K, (4,5): (8)

4

Km(x,s)z

‘max

4
[ &Gt K 8). K2,y 5)dtydt, .. dt,, , (9)

0

nax

The key idea [2] is to determine the resolvent
as an expansion to the Laurent series in a complex
plane C. As result, one could obtain a representa-
tion for resolvent by the following Fourier expan-
sion:

r=Ye,(¢-af

1
= on

|¢j=1

$(C)d¢

Capr

where a is centre of convergence ring of the Lau-
rent series.

Further we consider an advanced spectral ana-
logue for equation of motion for dynamics of the
atmosphere in the low frequency range. As it is
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well known, the shape of the atmospheric circu-
lation changes its position in space, and the in-
tensity of manifestations varies in the period up
to several days, while inside it implemented pro-
cesses, lasting a few minutes, such as precipita-
tion. Hydrodynamic equations are set to reason-
ably high-frequency processes in the atmosphere
of the evolution of the cyclonic type of education
in the period up to two days, but it is not able to
well describe the low-frequency processes such
as change of the circulation forms.

At the same time the macroturbulent atmos-
phere equations are low-frequency ones in its basis
and there is a lot of experience of their decision
on the basis of spectral methods (see [1-3]. This
allows you to use them for our purposes for the
mathematical modeling of the changing forms of
circulation and, respectively, for the mathematical
parameterization homologues circulation [1-3].

In order to solve this task, one should in-
volve coupling moments forecasting model,
which we know from the system of the Reyn-
olds equations with implemented average and
fluctuation motion.

The method for calculating a turbulence
spectra should be based on the standard tensor
equations of turbulent tensions. As usually, it is
convenient to partition velocity u(v,v,w), pres-
sure p, temperature @ etc into equilibrium and
departures from equilibrium values (for exam-
ple: p=p +p’etc). One could write the system of
equations for the Reynolds tensions, moments of
connection of the velocity pulsations with entro-
py ones and the corresponding closure equations.
The technique of using Reynolds tension tensors
of the second rank is well known (for example, in
the form of an analytical representation). The cir-
cuit equations with accounting the Coriolis force
in the analytical form can be rewritten as (accord-
ing [2,3]:

aVIZ
ot

- L) VL) VL) -
a

A, VT + VUL )+ VL 7))+ VUL, 7))+
a

+4a)icos«9ﬁ+&V’LéiCD'),
a (11a)
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a

—i[WL4 (@)+20UL,U)+U"L, (U')]—
a
—4a)icosHF+gU'Lsid)’i,

a (11b)

vy’ _

- 721—a[V’2L3(l7)+ WVLU +V’2L3(U’)]f

- Z[V’U’L4(U)+ TVL(U)++7 UL, [U)+ VU LU+ (116)
+ VL (@) L[FLZ(V )+20 U’LZ(U’)]—
a 2a

- %[WLI (7)+ TV L7+ +7 UL )+ VUL (7)),
a

where, as usually:

L :%_(—1)'7 ﬁ%ﬂ% ctgo(...) |

b=1,j=1.4; b=-1,j=2,3; b=0, j=5,6.

The simplified modelling (see for example,
[2]) supposes remaining only two operators, say,
in the equation (11c):

or'u :LW,
ot a
expressing @' through ¢ complex potential of the
velocity f, and the velocity components V' - in
terms of functions y of the same velocity po-
tential. We suppose that this procedure should be
replaced by more consistent one that provides an
advanced level of a theory.

Naturally, the equations for tensor of the tur-
bulent tensions:

(12)

au’.u', a e a "o 6p'u’,
- +—(uk-u}u'j+u'ku}u'j)+ A
ot  Oxy 0x; O0x;
ou; — _ou;, [ou, Ou
o J ) 1 ’ 1 J
=iy ———uu —+ p| —+—|
7k ox Juk ox (6}( ox
(13)

The important parameter of the turbulent pro-
cesses is the kinetic energy of turbulent vortices
b* =uju, , which can be found from the equation
(with physical explanations of any term):

A b’ e (5 — —— A, ——
— ( i, +2u,:p')=—2u,:u,f L 28
a &, & &, 6,
Advection  Turbulent Effect of forces Interaction of the
diffusion  of tension Reynolds tension and
averaged motion

Generation for
account for
swimming forces

(14)

Here g is the magnitude of the acceleration
vector due to the planet’s gravity, 6, is the equi-
librium potential temperature, 8, p' are departures
from equilibrium values. The physical content of
any term is presented in Eq. (14).

Velocity’s correlates are determined as fol-
lows [2]:

R Ouu., Ouu Ou,
wlu'uy, = —bA, “Y iy 4 2t X
&, & @ &
- 0 ou.0
w0 = —bay| 28 SO
&,
- 1”2
ul_grz:b;{{é’g }
|
— . — 15
R R (15)
& 3 377,

Here ¢, [,, A, are constants which define the
scales of turbulent vortexes and measure of their
influence on the averaged motion and atmosphere
turbulence anisotropy. Components of tensor of
the turbulent tensions are (v, - spectral modes of
velocity field) [2]:

(16)

X D O Ol Ty, =Y =07,

An effective approach to determination of the
atmospheric flow velocity can be given by meth-
od of a plane complex field theory in a full analo-
gy with the known Karman vortices chain model:

. dr r{ 1 00( 1 1 H
Vy mivy == — + 2 + +
dg 2mi|C-Co j=1\C—Co—kl C—Co+kl
dfn (17)
LS (-
+d§ LE] i In(¢ k)}

Here T, —circulation on the vortex elements,
created by clouds, b, — co-ordinates of these el-
ements, I — circulation on the standard Karman
chain vortices of, / — distance between standard
vortices of the Karman chain, ¢ - co-ordinate of
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the convective perturbations line (or front divid-
er) centre, G - k/ — co-ordinate of beginning of the
convective perturbation line, C +kl— co-ordinate
of end of this line. Equating the velocity compo-
nents determined in the global circulation model
and and model (6), we find the spectral matching
between the wave numbers that define the func-
tional elements in the Fourier-Bessel series with
the source element of a plane field theory.

It is also worth to remind that any vector field
u can be separated into rotational and divergent
parts, i.e.,

u=Vy+us (18)

(the Helmholtz’s theorem). If the vector field is a
horizontal wind, one can define a current function
v, to express the rotational part, and a velocity
potential f; to express the divergent part. Namely
these parameters are of a great interest in applied
analysis of an global atmospheric ventilation.
Below we present the results of test computing
the atmospheric ventilation for a few synoptic
situations in the Pacific ocean region. All calcula-
tions are performed with using of the “GeoMath-
RadEnv” and “Quantum” PC codes [1-5,11-16].

3. Some numerical results and conclusions

Regarding the Fukushima Nuclear power plant
accidents, it is well-known [8] that on March 11th
2011, an earthquake of magnitude 9.0 occurred
off northeastern Japan, causing a tsunami and
damaging the Fukushima Daiichi Nuclear Pow-
er Plant (FNPP1). As a result, radioactive prod-
ucts were released in the atmosphere and other
geospheres (ocean, soils etc). A summary of the
meteorological conditions during the critical
phases of the atmospheric emissions is given in
the WMOTT report (WMO, 2013) and by several
other researchers. According to [8], from March
Oth to 12th a weak low pressure trough over east-
ern Japan caused light rain to be observed and
then a high pressure system moved eastward
along the south coast of the main island of Japan
from the 12th through the 13™; from March 14th
to 15" another weak low pressure trough moved
eastward off the southern coast of the main island
then moved toward the northeast while develop-
ing rapidly after the 15th. In particular, rain was
observed in the Fukushima prefecture during
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the night from 1700 JST1 March 15 to 0400 JST
March 16 (Kinoshita et al., 2011), a time corre-
sponding with significant emissions. High pressure
dominated on March 18th and 19th and the winds
were generally from the west. A low pressure sys-
tem passed over the main island from March 20th
to the 22nd causing moderate rain near Tokyo. It is
well known that the deposition, dispersion of the of
radionuclides in the atmosphere mainly depended
upon many factors such as the source term char-
acteristics including source magnitude and source
height, meteorological condition, atmospheric
circulation on different temporal and spatial time-
scales, the physical and physicochemical property
of specific radionuclide. Regading the Fukushima
nuclear plant accidents, the behavior of Fukushi-
ma-derived radionuclides is attributed to the large
scale atmospheric low-frequency processes (circu-
lation) as according to Refs. [2,5-7] the Fulushima
accidents radionuclides were detected in the north-
ern hemisphere and southern hemisphere within 20
day and one month after the accidents [8].

Further let us present some of our modelling
results taking into account that as we have very
limited space available for this paper. All neces-
sary input data parameters are taken from Refs.
[1-4-7]. Below as illustration, we present the re-
sults of our numerical simulation and experiments
and their analysis is given. Calculation of changes
in the height of elevated tropospheric wave guide
in the form of circulation, M1 (look Figure 1 and
Ref. [2]) gave the average height of tropospheric
waveguide according to the season within the
1500-2500 m; changes desired heights are in the
range of 50-500 m. It is important for long-term
forecasting only a sign of abnormality of heights
of the radiowaveguide and not their numerical
characteristics.

The negative anomalies are observed near
the Asian and American continents, and positive
anomaly - over the Pacific Ocean (Fig. 1). Fig-
ure 2 corresponds to wind flows presented an
anomaly of the stream function, where the direc-
tion of the velocity vector corresponds to the pos-
itive values that were left of the stream (Figure
1b numbers marked velocity values in mx c¢'; the
corresponding values of changes in the function
of the current make - maximum value: ~20x10°
m’s~, ~1.2x10° m?s™"). Analysing results in Fig-
ures 1,2, one could see that a transfer of angular
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momentum along the horizontal moisture transfer
goes from east to west, which corresponds to a
calculated scheme [9], with the main stream of
the West account for the breadth of the Aleutian
Islands, which also corresponds to the results by
Oort et al [9]. Similar results are obtained in Refs.
[2,9] for the shape of the M1, but for the cold
half of the year. It has been found that the rise
height of the raised radio waveguides is shifted to
the north, with a maximum over Japan. This can
be explained by the increase of the temperature
contrast of “Pole - Equator” and the correspond-
ing displacement of the Arctic and polar fronts.
It is important to note that the results obtained
here differ from the analogous results of the cor-
responding stationary theory and simplified non-
stationary one on about 10-15%. This fact con-
firms that a real theory of the studied phenomena
should be by non-stationary one.

Figure 1. Changing the height of the tropospheric
radiowaveguide (see text).
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Figure 2. The stream function for the situation de-
picted in the Figure 1 (see text).

In Figure 3 we present our data on the aver-
age wind velocity (in knots) and the stream func-
tion (continuous lines) at 500 hPa, computed for
the period from 11 March to 22 March, 2011.
The analogous data for the wind velocity and
the stream function have been presented in Ref.
[8]. In whole there is quite complex picture of air
flows and its predetermined that particles, which
were released from Fukushima in different times
and different altitudes above the earth surface had
various trajectories in a full correspondence with
data [8]. The stream has been influencing sig-
nificantly the particles spreading at upper atmos-
pheric levels (in absolute values the average wind
velocity of the jet stream reached the values of
about 20 mx s™'). Analysis of the presented data
show that the modelling results are in a physically
reasonable agreement, though do not reflect in a
full degree the observed picture. Nevertheless,
the main atmospheric dynamical aspects in the
studied period are reflected quite acceptably.

1208 180 1208 L) 0 BOE 1206

Figure 3. The data on the average wind velocity
and stream function (lines) at 500 hPa, computed
for the period 11-22 March, 2011.

In any case the modelling demonstrated the ef-
fectiveness of the approach in applying to study-
ing the large scale atmospheric behaviour, provid-
ed by the energy and angular momentum balance,
the transfer of atmospheric masses (moisture
flow) with respect to the continuity of atmos-
pheric circulation forms (telecommunication,
front-genesis). The application of the method to
the modelling of global atmospheric behaviour,
the scattering of radionuclides after accidents at
the nuclear power plant in Fukushima (Cherno-
byl) demonstrates its quite acceptable potential,
which is confirmed by the preliminary, physically
reasonable agreement between the predicted and
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measured spatial distribution of radionuclides in
the atmosphere, the direction and dynamics of the
flows of air masses (particles). These data in de-
tails will be presented separately.

To conclude, we present the elements of a
new advanced non-stationary theory of global
mechanisms in atmospheric low-frequency pro-
cesses, teleconnection effects to modelling global
atmospheric behaviour, dispersion of radionu-
clides, provided by a radioactivity impact of the
Fukushima (Chernobyl) nuclear accidents on the
atmospheric environment. The approach is based
on the energy, moment balance relationships for
the global atmospheric low-frequency processes,
atmospheric macroturbulence theory, link of trop-
ospheric waveguides with atmospheric moisture
circulation and, accordingly, with the shape of the
atmospheric circulation over the position of the
front sections of (atmospheric fronts as the main
drives moisture). Atmospheric moisture cycle is
associated with the typical low-frequency perfor-
mance of the process as the balance of an energy,
entropy and angular momentum. Last imbalance
characterizes the rotation of the atmosphere to-
gether with the Earth, which may lead to the de-
velopment of meridional processes with the im-
plementation of the mass transfer of air and steam
between tropical latitudes (with a linear velocity)
and slowly rotating air masses of polar latitudes
(in fact it is a slow process teleconnection). Im-
balance on the energy and atmosphere angular
momentum can not remain without consequences
in the atmosphere due to the rather large forces
involved in the desired dynamics. Naturally im-
balance causes the effects of the singularity, i.e.
sharp reaction of the atmosphere in an attempt to
eliminate it. In any case, such a serious impact
on the atmosphere, in principle, can largely cause
change in the form of atmospheric circulation,
which allows quickly to redress the energy and
angular momentum imbalance organization suf-
ficiently rapid moisture transport etc.
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Summary

We present the elements of a new advanced non-stationary theory of global mechanisms in atmo-
spheric low-frequency processes, teleconnection effects to modelling global atmospheric behaviour,
dispersion of radionuclides, assessing radioactivity impact of the Fukushima (Chernobyl) nuclear
accidents on the environment. The approach is based on the energy, moment balance relationships
for the global atmospheric low-frequency processes, atmospheric macroturbulence theory, link of
tropospheric waveguides with atmospheric moisture circulation and, accordingly, with the shape of
the atmospheric circulation over the position of the front sections of (atmospheric fronts as the main
drives moisture). Atmospheric moisture cycle is linked with such typical low-frequency process as
the angular momentum balance; the latter accounts violation of the atmosphere rotating balance with
the Earth, which may be under developing meridional processes with the implementation of the mass
transfer of air and steam between the tropical latitudes (with a large linear velocity) and slowly rotat-
ing air masses of the polar latitudes (a process of slow teleconnection). The approach is realized and
implemented into the new microsystem technology «GeoMath-RadEnv» and focused on the testing
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and prediction of the air mass (particles) flows in the global atmospheric picture, determination of
the new predictors for long-term and very long-forecasts of low-frequency atmospheric processes. PC
experiments demonstrated the effectiveness of the approach in applying to modeling the balance of
angular momentum, the transfer of atmospheric masses (moisture flow) with respect to the genesis of
tropospheric waveguides, the continuity of atmospheric circulation forms (telecommunication, front-
genesis). The application of the method to the modeling of global atmospheric behavior, the scattering
of radionuclides after accidents at the nuclear power plant in Fukushima (Chernobyl) demonstrates its
effectiveness, which is confirmed by the physically reasonable agreement between the predicted and
measured spatial distribution of radionuclides in the atmosphere, the direction and dynamics of the
flows of air masses (particles).

Keywords: atmospheric low-frequency processes, energy and angular momentum balance, tel-
econnection, global atmospheric behaviour and dispersion of radionuclides, nuclear power plant ac-
cidents and radiation-environmental consequences
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Pedepar

Mu npencTaBiseMO €JIEMEHTH HOBOTO HECTAIllOHApPHOI Teopii, M0 OMUCY€E T00adbHI MEXaHi3-
MH B aTMOC(EpPHHUX HM3BKOUACTOTHUX TMpoliecax, e(eKTH TEJIEKOHHEKIil Ta iH. JAJS MOACIIOBAHHS
100abHOT aTMOCc(epHOi MOBEAIHKH, MPOCTOPOBO-UYACOBOTO PO3MOALTY (AUCTepCii) paaioOHyKIiIIB,
OIIIHKU PaJIl0aKTUBHOTO BIUIMBY HACIIIKIB aBapiii Ha aTOMHUX eleKkTpocTaHIisax dykycima (HopHo-
OuIb) Ha HaBKONHUIIHE cepenoBuie. Lleil miaxin 3acHOBaHUI HAa BUKOPUCTAaHHI 0alaHCOBUX CIIBBI-
HOIICHB JJIS1 €HEPrii Ta KyTOBOTO MOMEHTY B INIOOAIbHUX aTMOC(HEPHUX HU3bKOUACTOTHUX MpOIlecax,
Teopii arMocdepHOi MaKpOTYpOYJIEHTHOCTI, aTMOC(HEPHOTO BOJIOTO000POTY Y MOAATBIIIOMY 3B’ SI3KY
3 TEHE3UCOM TpomocepHUX paaioXBUIBLOBOAIB 1 HACTYMHICTIO popM atMochepHOi MUPKYIALIi (Te-
JICKOHHEKIIisl, TeHe3UC (PPOHTIB), BUSABICHHI HOBUX MPEIUKTOPIB B CEPEIHBO- 1 JOBrO-CTPOKOBOMY
MIPOrHO3YBaHHI JMHAMIKM HU3bKOUACTOTHUX aTMocdepHUX mpoiieciB. B pamkax Teopii BUSBIECHUN
3B’SI30K TaK 3BAaHUX TPOMOC(EpPHUX PaliOXBUIEBOIIB 3 aTMOC(HEPHUM BOJIOTOOOOPOTOM 1 BIMOBIIHO
3 hopMOI0 aTMOChepHOT UPKYJIALIT Yepe3 MONoKEeHHS (POHTAIBHUX PO3ALTIB (aTMOC(hepHUX (HpOH-
TiB SIK OCHOBHUX HaKOIMW4yBaydiB BOJIOTH). ATMOC(epHUil BOI0roo00pOT OB’ A3aHHM 3 TAKUM THUIIOBO
HU3bKOYAaCTOTHHUX MPOLECOM K BUKOHAHHs OajlaHCy MO €Heprii Ta KyTOBOMY MOMEHTY arMocdepu.
OcranHiil XapakTepusye MopyueHHs OanaHcy oOepTaHHa atMochepu pa3oM i3 3emiero, siKe MOXKe
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MIPOXOUTH MIPHU PO3BUTKY MEPUIIOHATFHUX MPOIECIB 13 3A1MCHEHHAM NEPEHECEeHHS MacH MOBITPS 1
napa MK TPOIIIYHUMH ITHUPOTaMU (3 BEJMKOIO JIIHIHHOIO MBUIKICTIO) 1 MOBUIBHO 00EpTArOThCS TO-
BITPSIHUMHU MacaM# MPUIIOSIPHUX MIUPOT (TIpoliec MoBLIbHOT TeinekonHektil). [Tiaxin pearizoBanuii
y BUINISAZ HOBOT MikpocucTeMHOI TexHojorii «GeoMath-RadEnv” i1 opienToBaHuil Ha TeCcTyBaHHS 1
MIPOTHO3YBaHH TIOTOKIB PyXy MOBITPSHUX Mac (YaCTHHOK, PaIiOHYKIIIIIB) B I0OaIbHIN atmMocdep-
HIi KapTHHI, BU3HAYCHHsS] HOBUX MPEAUKTOPIB JUIsl CEPEAHBO- 1 TOBrO-CTPOKOBOTO MPOTHO3YBaHHS
HU3bKOYACTOTHUX aTMmocepHux npoueciB. [IK-ekcnepumeHTH npopeMOHCTpyBaid €(EeKTUBHICTD
MiXO0/y B 3aCTOCYBaHHI JI0 MOAETIOBAHHS OaJlaHCy KyTOBOT'O MOMEHTY, IIEPEHOCY aTMOC(HEPHUX Mac
(BOJI0T0000POTY) TIO BITHOIIEHHIO 70 TEHE3UCY TPOToCchepHUX paaioXBUIEBOIIB, HACTYITHOCTI (JopM
arMocdepHoi UPKyIsALii (Tene3B’s130K, GPOHT-TeHe3uc). 3aCTOCYBaHHS METOAY 10 MOAETIOBaHHSA
100aIbHOI aTMOC(EPHOTO TIOBEAIHKH, PO3CIIOBAaHHS PaJiOHYKIIIIB Micisl aBapii Ha aTOMHIN eJex-
tpoctaniii ®ykycima (HopHOOUITB) AEMOHCTPYE HOTO €(PEKTUBHICTB, 110 MIATBEPIKYETHCS (DI3UIHO
PO3YMHHUM 3rofI0K0 MIX Iepea0adyeHuM 1 BUMIPSHUM MPOCTOPOBUM PO3MOALIOM PaiOHYKIi/IiB B aT-
Mocdepi, HAPSIMKOM 1 IMHAMIKOIO TIOTOKIB PyXy MOBITPSHUX Mac (4acTOK).

KurouoBi cjioBa: arMmocdepHi HU3bKOYACTOTHI MPOIIECH, OallaHC €Heprii Ta KyTOBUX MOMEHTIB,
TeJIeKOMYHIiKallii, mobasibHa aTMOc(epHa MOBE/IIHKA Ta AUCHIEPCis paJloHyKIIiIB, aBapii Ha aTOMHHUX
EJIEKTPOCTAHIIISAX Ta PaialifHO-eKOJOTIYHI HACTI KU
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