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= combined with General Circulation

Models (GCMs) — Chemistry-climate
models (CCMs)




Iry-dynamics-radiation feedbacks are traditionally neglected

gral circulation and chemistry-transport modeling due largely
rlcal separation of meteorology, climate, and chemistry
munities as well as our limited understanding of underlying

1 31 anisms;

== ﬁose feedbacks, however, are important as models accounting or
-=net accounting for those feedbacks may give different results;

| _' Future climate changes may be affected by various feedback
mechanisms
* Increasing evidence from field measurements have shown that such

feedbacks ubiquitously exist among the Earth systems including the
atmosphere, hydrosphere, lithosphere, and biosphere.
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Observed tendencies of ozone and

temperature —
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—Research Goal

Sermr:'- patlrel and aRtTroPeEENIC Elfiects o
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EGting by Ozone;
2 C Ilng Py Water Vapor, Methane and N,O
5 Sl chemistry and sulfate aerosol and

,-:fpolar stratospheric cloud evolution;
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= & Chemistry feedback;
® Photolysis feedback;
® Deep and shallow convection




module is based on the combination of the
fmodynamics of phase transitions and the
rophysu:s of particle size distribution and

gravity settling;
= he main assumption is that PSC particles are

generated from the sulfate aerosol existing In
the stratosphere as a result of absorption of
nitrous oxide and water vapors;

* The resulting ternary aerosol consists of water

vapor, sulfuric acid, and nitric acid
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/ity settling Is calculated dep_e;\_ding 6n the
ticle radius and density;

ease INn the mean radius of particles leads to
reased velocities of gravity settllng due to

-
i
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_--E.Denltrlflcatlon and dehydratlon

- 8-Suppress nitrogen and hydrogen catalytic ozone
destruction and activate chlorine and bromine
catalytic destruction;




e particles at previous moment are under
-temperature conditions, the coarse aerosol
N be in the solid phase;

_g \der suitable thermodynamic conditions, the
ormation of PSCs consisting of solid nitrogen-

'. :*contalnlng particles is possible;

~ * |f, under the same temperature conditions, the
orevious history of particles is not characterized
oy sufficiently low temperatures, the aerosol will
oe In the form of liquid ternary particles




STRATEGY

for ‘hemistry-_limate ‘odeling

Problem of gas composition changes is studied
with Chemical Transport Models (CTMs)

Studies of temperature and dynamics variability
are carried out using General Circulation Models

(GCMs)

Interaction between these models is important

L
CCM




= 3-D Chemistry-Transport Model Complex SUNY-SPB (RSHU)
74 gases, 174 chemical reactions, S1 processes of photolysis, 29

heterogeneous reactions (oxygen, nitrogen, hydrogen, chlorine,
bromine, carbon and sulfur families), 39 altitude levels (14 in the
troposphere) (0—90 km), Sx4 horizontal resolution (88 S—88 N),
polar stratospheric clouds formation and evolution

Srnyshlyaey S.P. , V.L.Dvortsoy, M.A.Geller, V.Yudin, J. Geopnys.Res., 103,
28373-28387, I)‘)
1

= 3-D General Circulation Model [NV (Institute of Numerical
Mathematics, Russian Academy of Sciences)

V.Ya. Galin, S.P. Smyshlyaev, E.IVl. Volodin, "Combined Chemistry-Climate
Model of the Atmosphere", Izv., Atmos. Ocean. Phys. 43, 3-17, 2007
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Mpdeled and Observed Column Ozone,.
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Altittde-Latitude Temperature
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S[ong-Term Variability
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PezyiiBTanbl XMMUKO=-KJINMaTUUYECKOLO
MOAESTNPOBAHNIA,

A
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Mesirondzzzl essEEe corlg iR vzl oeorlel & Y
ICS5N0aX MOAENVPYETCS € XOPOLLIEN TOYHOCTHIO
NEBIIIGAEEMON0) COKPALLEHVE COAEP)KaHNS| 0B0Ha

HEHOCTaTOYHO Aid 06b9CHEHNS HabnoAaeMoro
XIEMIEHNS CTPaToCMeEpPh!

> EBOEMOXKHBIMY dhaKTopaMyi AOMNOMHUTENLHORO
;_.LE, S BBIXONaMVIBaHNS CTpaToCcdEepbl MOFYT bbITh BbIOPOCHI

.-l——

—  [JapHVKOBbIX A30B, KOTOPbIE KPOME HarpeBaHus
TPONOCMEPLI MPUBOAAT K OX1aXKAEHNIO CTPaTOCMEPLI U

® |3MEHEHVE aKTMBHOCTM aTMOCAEPHbIX MAaHETAPHbIX
BOJIH 1 VX B3aUMOAENCTBUS CO CPEAHNM MOTOKOM

® BbIbpOChl MAPHNKOBbLIX ra30B MOrYT MOBANATb Ha
aKTVBHOCTb M/IaHETAPHbIX BOJH




RSHU

VE hdaaﬁ_w OF NUMERcal EXPERIPERY ™
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> RSHU-INM CCM was run for 1979-2003

> Source gases were varied according to WMO
scenario [2006]

> SAD loading was estimated based on SAMS and
SAGE data

- > SST inter-year variations based on AMIP scenario

f—

.| > Solar variability was included based on the
= sunspot data archive and solar UV radiation
variability (zerefos [1997], Lean [2000], Rottman [2000])




RSHU
Golumn Ozone'Chianges relative its.average for 1980-2000 =

Northern Hemisphere
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® (Ozone recovery started at
mid 90th is mainly due
to natural reasons (Solar
Activity, Stratospheric
Cooling, and Aerosol
Cleaning)
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e Maximum
reduction in mid 90s
(up to 6%) is'due to

(Pinatubo 1991),
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U TrE role of
dNthFOPOUERIC fiaClor IS
negligible
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¢ Jihe role off dynamics — mass exchange with polar regions
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Prognostic 0zone variability under'Montreal
Protocol Conditions e —
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' Conclusions

The coupled interactive three-dimensional
Chemistry Climate Model of lower and middle
atmosphere has been developed

Numerical experiments with CCM were carried
out to study interactions between chemical and
physical processes in the atmosphere

Performed research has shown the importance
of feedbacks between the chemical and physical
processes which have both quantitative and
qualitative impacts on the atmospheric climate




