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Evaluation of scale interactions 1n
climate and ecological system

*Place of the object under study 1n the global
system

* Decomposition of spatial and temporal scales
*Typical life times of objects and sources of
1mpacts

*Meso - regional processes and typical
mesoclimates on the background of global
circulation

*Scenario approach



Methods of orthogonal decomposition.
Subspaces of informative basis

Activity centers of the climatic system
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Penenko V., Tsvetova E. Orthogonal decomposition methods for inclusion of climatic
data into environmental studies//Ecol. Model. V. 217. P. 279-291. 2008.
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UBMuMI

Inverse problems :Tracing long-range bioaerosol transport
and evaluation of risk areas for the Novosibirsk region
( “adjoint Euler” and “adjoint Lagrange”)

Backward trajectories, 31.05-1.05.2002

Risks from land-based sources
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Typical conditions

*Terrain features
*The underlying surface
eLand use categories:
*river, ponds
forest ( coniferous, deciduous, mixed, shrubs )
eurban areas ( dense, sparse, tall, etc.)
*the suburbs
*farmland
THE PROBLEM OF PARAMETRIZATION



Experience in solving environmental problems
for industrial regions and urban agglomerations

*Almaty (ventilating mechanisms and urban plans)
*Novosibirsk (assessment of risk areas from H3XK, T9L 5,
projects of highways, projects of placing incineration plant)
*Krasnoyarsk ( evaluation of changes in mesoclimates after the
construction of the HPP)

*Ulan-Ude (project of apatite plant, influence of the Baikal
breeze on air quality)

*Astrakhan ( the impact of emissions of a gas processing plant in
the conditions of the Caspian sea, H2S)

*Tomsk ( Seversk accident)

*Industrial regions and cities of the Baikal region



OnbIT peLweHna npupoaooXpaHHbIX
cENER

Mocksa (1985 r.)

*dopMmmnpoBaHNE TUMUYHbBIX
ME30KIMMATOB;

*B/INSIHNE OCTPOBA TEMNA.

* MPOEKT CTPOUTENLCTBA
KOMbL@ aTOMHbIX CTaHUUMN B

LleHTpanbHOM pervoHe
Poccuu;

NMeHeHKo B.B., AnosH A.E. PAO, 1995
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Model of atmospheric dynamics

—tu+div w Mw+-L (v kw) (f +7)=0
X
1% . P
—t-l—le vu M(v)+—y+ u (f,+r)=0
W

—=+div Mw+L+e  ku (f +r)=0
4

—tT+div Tu+A Tdiva MT) (f,+r)=0

—tp+div pu+ pdiva ( D)M(p) ( 1)(f,+7,)=0

—t+diV u=0

p= Rd(1+ )T, :(RV/Rd l)qv q9 4
M( )=div grad( ); 4= R,(1+ )/cp; =c,/c,



Convection-diffusion-reaction system

for humidity and gas - aerosol chemistry

{

Operators of transformation for chemical kinetics

destruction

R;
Si( ):Pi( ) i i( )
production q=1
i=1,n

I Important properties
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k@(s.a) s@))

j=!

Ledivo a0 M( )+ (S(9) (f +r)=0 i=Tn

si(q )
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CocTaB U mexaHU3Mbl
TpaHchOpPMaALMU a3p030/1en

Cocras

®PpaKkummn HeNeTyymx maTepmasios:
NOYBEHHAA Mbl/b, MOPCKAA CONb,
yrnepoaHble YacTULbl

YacTuupbl ¢ KOHAEHCALMOHHbBIM POCTOM:

BOAAHOW nap, cyNbdaTHble a3p030au

Cmecun aspo30/1ei NepBbIX ABYX TUNOB

KomMno3suTtHble aapo3onu:
bopMMpPOBaAHME PAANOAKTUBHDIX
YyacTuu, ; PopMUPOBaAHNE KUCTOTHbIX
cybcTaHUMM; BUNONOTNYECKM aKTUBHbIE
a’po30/u

OcCHOBHble MexaHU3Mbl

Koarynauua , aApobnerHune

KoHAeHcauua/mcnapeHme, romoreHHas
HyKneauua , Koarynaums

KOHAEeHcauua, Koarynaums, 3axsat
HeneTyyMmMu 4YacTML, @MU, reTeporeHHas
HyKneaunsa

Koarynsauma n gpobneHne , ocaxkaeHue
Ha aspo30u;

TpaHchopmaums TMNa ra3-4acTuua u
HyKneauunsa/ KoHaeHcauusa



Integral identity is
a variational form of integrated system:
hydrodynamics+ chemistry+ hydrology

[((PaYaraéa(P*) = (L((PaYar)a(P*) —

(00) + (S(@) (f +r)) JdDdt + pu,d di+

i=1 D, )

{ l(uv* vu*)+k(wu* w*u)+gw* pdivu*}a’Ddt:O

(9.07) = Lidiv ou+ % dive %M( ) | dDdr+

l
0 0 *
T ( i ai i) i

I( ) Y, ) =0 equation of the energy balance for the system

k

odD+ (R, , f,) [d dt, i=1Ln.

t

*

) Q(Dt) state vector; ¢ Q*(Dt) adjoint vector



Augmented functional for construction
of optimal algorithms
and uncertainty assessment

cost . misfit in model’s
functional observations uncertainty

%h((l)a(l) ,Y,I,8) = k((P)‘l'OS 1(11 11])Dm+ (1 2r)Df’

EME), + EMO, |+ T @Ys0))

t

_I_
P 2
[initial data unc. ] parameters unc. ] integral identity ]

H(I=14), . 0 are weight matrices and coefficients for scaling,

0, (p; are the solutions of the direct and adjoint problems generated by

variational principle.

Symbol ()" denotes discrete analogs. For approximation, finite volumes,
decomposition and splitting methods are used.

D' D

. 1s the grid domain

Penenko V. V. Variational methods of data assimilation and inverse problems for studying the atmosphere, ocean, and environment //
Numerical Analysis and Applications, 2009 V 2 No 4, 341-351.



Novosibirsk
Satellite image,LandSat-5,2010-09-08




HOBOCUBUPCK

CueHapuu
PACNPOCTPAHEHUA

npumecen oT
T3C-5 ( npoekKrT)

Npwv 1Oro-3anagHom
doHOBOM BeTpE

B HOYHbIX YCNOBUAX
OCEHbIO

['opu3oHTanbHAs CTPYKTYpa MO BETpa
Y U30JIMHUU KOHILICHTPAIUU

(B % OT MakCUMaJIbHOM )

Ha BbICOTE 50 M OT MOBEPXHOCTHU

HBMuMI




HUBMuMI"

HoBocmnbupck

CueHapui pacnpocTpaHeHus
npumecn ot HoBocnbupckoro
3aBOJa XMMKOHLEHTPATOB
(H3KX) npu toro-3anagHom
dOHOBOM NOTOKE

MN301uHMY 110J19 KOHIIEHTPpALuU
(B % OT MakCHUMaJIbHOM )
Ha BbIcOTE 50 M OT MOBEPXHOCTH
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Wind field and concentration

UBMuMI
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PacnipocTpaHeHue 3arps3HeHui OT pacIpeIeIeHHbIX HCTOUHUKOB
IIPUMECH PACHOJIOKEHHBIX B ropojckoi armomepanuu Hoocubupceka [1a6. MMITILIC]



E Wind field and concentration

HBMuMT of impurities
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’QBE Wind field and concentration

UBMuMI of impurities
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Problems of Krasnoyarsk

Complex terrain
lce-free polynya
Severe pollution

Emelyanovo

A part of the domain ( city)

Emelyanovols

Startsevo.? {Ermolaevo

L Esaulovo
Elovoye

150%x140 km?2

Badalyk

3 Y Rl ‘.."A‘ s :
301)(281)(35 ? -;‘:"‘ - (Pescha:nka
601x561%35
Minino st Covinnsy ‘ . it l
Oktyabrskiy rayon.© . ‘ Kirasnoyarsk . & (eninskiyirayon
Scenario studies of local atmospheric Dusyanka

circulations in the Krasnoyarsk region
E. A. Pyanova, V.V. Penenko,
L.M. Faleychik ( SPIE 2016)




Summer scenario

UBMuMI
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Fragments of the wind speed fields at a height of 50 m above the surface
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UBMuMI
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HBMMT Assessment and management
of atmosphere quality in a “smart" city

* Local, regional and global air pollution problems. Evaluation of cross-
border transfers;

* "The chemical weather" - assessment of air quality (primary and
secondary pollution, gas and aerosol composition of the atmosphere);

* Detection of unknown sources of emissions and evaluation of emission

° parameters;

* Development of risk management strategies;

* Environmental design in accordance with environmental safety criteria;

* Identify prerequisites and prediction of consequences of environmental
disasters;

e Assessment of environmental risk and vulnerability;

* Targeted monitoring strategies;

e Data assimilation (including chemicals) in real time;

* Evaluation of uncertainty for the analysis of predictability
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6} j’ Texnonpom-2016 Hoocuoupck
KoHuenuusa «yMHOIo0» ropojaa

UBMuMI

T'opoaa v npoMbIlJIEHHBbIE peruoHbI Cuoupu
(Cubupckoe coriamenue)

O1eHKa 1 MPOrHO3MPOBAHUE U3MCHECHUH
KAa4eCTBAa aTMOC(Pephbl B KYMHOM» ropoje
U ero arjioMepanuyv MeToAaMu MAaTeMATHY€eCKOI0

MOACJHMPOBAHUA C UCII0JIb30BAHHEM
nanHbiX HaOMoanenu (MBMuMI™ CO PAH,
NXKul CO PAH, HOA CO PAH, Cu0HUI'MUN)
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