NMAPHUKOBBIE U AHTUNAPHUKOBDIE DOPEKTDI
B MJMIAHETHbLIX ATMOC®EPAX
A.C. T'mH36ypr

UHcTtutyt chbmuamukm armocdcepsl um. A.M. O6yxosa PAH

B snoxy rnobanbHoOro norenneHumsa, obGycnoBneHHOro
POCTOM copep>XaHMA NapHUKOBbLIX ra3oB B atmocdgepe 3eMmnm,
Ba>XXHO MMeTb B BUAlY, UTO €CTb U NPOTUBONONOXHbIN 3pcheKT —
AHTUNAPHUKOBLIA, BeJIMMMHA KOTOPOro 3aBMCUT OT HaNMUuuna
CNoOeB a’3po30Jifi, PACMNOJNIOXKEHHbIX HAa Pa3fiIMYHbIX BbIiCOTaX M
COCTOSAILIMX M3 YacTUL, C pasNMUYHbIMU MUKPO(PUINYECKUMU U
ONTUYECKUMU CBOUCTBaAMM.

Hamnbonee wu3BecTHble nNpPOSABNIEHUMA M nNocCneacTBUA
aspo3onbHoOro achcdeKkra - maccoeblie BbiMMpaHUA BUAOB nocne
nageHusa acrtepouvaa, MOLWHbIE BYJIKAHUYECKMEe U3BEepXeHus,
MacwTtabHble necHble noXapbl, nbinesblie 6ypu Ha Mapce,
cbeHOMEeH «ApepHOM 3MMbI», «a3MaTCKoe KOopu4yHeBoe
obnako», mpea cmMmaArYeHumsa rnobanbHOro norenneHUMs nyTem
BBeAEeHUA CepHUCTOro a’3po3onsa B crparocdepy m 1.n.



YenoBeuecTBo OUYeHb 6ourtca pocTta
copepXxaHuA NapHUKOBbLIX ra3os B atmocdepe 3emnu
M npakTuyeckm He 6ecnokouMtrcs O BO3MOXHOCTMU
MaccoOBOro BbiIMMpPaHUA BUAOOB, BKINOYas U pop

YerioBeYeCcKum, npm MOLUHbIX a’3po30JibHbIX
NOXoNnopaHMAX.

Nob6anbHoe norenrfieHue, KoTopoe Mbl
AOBONIbBHO cnabo noka ouwyuwaem, KOHEeYHO MOoXeT
NMPUMBECTU K PpPa3IMUYHbIM  HENpPUATHOCTAM, HO,
BO3MOXHO, c HUM MOXHO OGoporbca nubo

apanTMpoBartbCcA K Hemy. UYTt0o Xe Kacaercsa
aA’3poO30JibHbIX KaTtacTpod, TO OHM yXXe crnydYanucb Ha
3emne.



B poxknape onucbiBaloOTCA OCHOBHble hm3amueckue
npouecchli, obycnasnumeawoume Hanmume NapHMUKoOBOro
m/nnn aHTMNapHukosoro 3ddexkra B armocdepax
nnaHeT 3eMHOM rpynnbl.

O6cyxparorca ocobeHHOCTHM " pasnuuua
cpopMmmpoBaHmsa paBHOBECHOIO TeMmneparypHoro
peXuma nosepxHoctem u armocdcdep BeHepsl, Mapca m
3eMnM B 3aBMCMMOCTM OT ras’oBoro M a’3po305ibHOIo
cCoCTaBa M, COOTBETCTBEHHO, ONTUYEeCKMX CBOMCTB
nnaHeTHbIX armocdep.

byayr NPOAEMOHCTPUMPOBaHDI peanbHble "
rmnoreTMmyYeckKkume TtemneparypHblie 3dpdeKTbl MOLHbIX
ras’oBblX M a’poO30NibHbLIX BbIOpPOCOB, a TakKXxe
pasnuuyHan ponb obnayHocTu B atrmoccepax nnaHer.
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Some Aerosol Impacts on Climate System

Partial reflection and absorption of incoming solar radiation
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Knumarnueckue acpcdexkrbl atrmoccdepHoOro
aspo3ons

A3p0305IM B 3HAUMTENIbHOM CTENneHu BIIMAIOT Ha
paagvaumMoHHbIn 6anaHc armocdepsbl u 3emnum B
LLeriom.

[Ba TMna pagunauMoOHHOro BrIMAHUA a3po30Jen:

1. Mpamoe BNUsiHne, Npu KOTOPOM al3apo30siM caMu
pacceMBaroT U NOrNoLWaroT CONMHeYHOe U TennoBoe
UH(ppaKpacHoe usny4veHue

2. KocBeHHOe BnMsaHue, Korga a3po305iu BUAON3MEHSAIOT
KOrn4yecTtBo 0ONakoB, X MUKpodunsnyeckue m
pagnauMoHHble CBONCTBA.



B pe3ynbTate nsBepxeHus BynkaHa NuHaty6o Ha dununnuHax
15 nroHa 1991 r. 20 MfIH. TOHH ABYOKUCU Cepbl ObINIO BLIOPOLLEHO
B cTpaToccpepy, YTO B pe3ysibTate oO6pa3oBaHuUA CriofA
cTpaTtocrepHOro asapo3ons, COCTOABLUEro NPeMmMyLLeCTBEHHO U3
Kanenek CepHOU KUCNOTbI, MPUBESio K MOHMXEHUIO CpeaHeun
rno6anbHOU TeMmnepaTypbl B crieayroLwem nocrie u3BepxeHus
roay Ha 0,5 rpagyca.

B uenom 3a nepuog ¢ 1958-ro no 1992 rog ypoBeHb CONMMHEYHOro
OCBeLLeHMUs 3a CYeT BYJIKaHNYECKUX U3BEPXKEeHUN exXxerogHo
cCHuxarncs npumepHo Ha 0,2 - 0,3 % B roa. BeposiTHO 6e3 aTtoro
«MOTEeMHeHUA» rnobanbHoOe notensieHne BO BTOPOU NOJIOBUHE
XX Beka ObINno eLle 6onee 3aMeTHbIM.

PasHoob6pa3ue murnoe a3po30JibHbIX 8bI6pPOCO8 Mo ebicome,
8pPeMeHU XXU3HU, XUMU4YeCKOMYy cocmasy, pa3MepaM 4acmuu,
onmuYyeckumMm U paduayuoHHbIM ceolicmea Odeslaem UuUx
Knumamu4deckue  3ggekmbl  mpyOoHonpedcKasyemMbiMu U
mpebyrowumu KOMIMJIeKCHO20 MeXXOucuyurnsiuHapHo20
uccriedosaHusl.



BO3MOXHblIe BO3AEeUCTBUSA PpPa3NINUYHbIX
TUNOB aspo3ons Ha armocdepHblie

npouecchl Pa3fIMYHOM npupoAabl,
NMPOCTPaAHCTBEHHbIX " BPpEeMEeHHbIX
macwTtabos BapbUpyloT oT

npeaoTBpalleHNs oOCapKoOB BO Bpems
npa3aHUKOB A0 «AAEPHOU 3UMbIY.

Npu 3TOM K HacToAWEeMYy BpeMeHM
npakTU4YecKM BCe MeTtoabl BO3AEUCTBUA HaA
rmgpomMeTteoporniormyeckKue npouecchl
CBOAATCH K MCNOJIb3OBaAHUIO T€X MJIM MHBbIX
BMAOB a3poO30Jiem.



Climate effects of aerosols

Aerosol particles can influence climate in several ways:

Scatter and absorb (in the case of black carbon) solar radiation
(direct effects).

Act as cloud condensation nuclei (CCN) around which cloud droplets
can form, and thereby influence cloud reflectivity and cloud lifetime
(indirect effects).

More CCN causes liquid clouds to consist of more, but smaller,
droplets. The resulting cloud is more reflective (first indirect effect).

Due to the smaller size of cloud droplets, the formation of
precipitation may be suppressed, resulting in a longer cloud lifetime
and larger cloud cover (second indirect effect).

Black carbon can have another indirect effect by changing the
albedo of snow and ice.

The aerosol indirect effects are the greatest source of
uncertainty in assessing the human impact on climate
change.



GLOBAL AND PLANETARY
CHANGE

EFEISEVIER Global and Planetary Change 20 (1999) 281 —288

woanaws elsevier.comSlocate  globlacha

Climate catastrophes

Mikhail Budyko

Climate catastrophes occur with large-scale
environmental changes which cause mass deaths of living
organisms. Long-term, strong reductions in temperature
cause a considerable decrease in the number of many
animal species, even full extinction.

The results of the falling of large meteorites should
be a considerable Iincrease in aerosol layer optical density
INn the atmosphere.

Benjamin Franklin was the first to pay attention to
the possible climatic effects of volcanic gases and dust. He
proposed that a large eruption of the Laki volcano In
Iceland Iin 1783 resulted In ‘dry fog’, I.e., haze that caused a
cold summer and poor harvests in Europe.



ﬁ 535 - 536 A.D. event - probably the most

ngggﬂgﬂuﬂgmﬂg massive volcanic eruption of New Era
| took place at the time of King Arthur in Britain

"The sun was dark and its darkness Jlasted for
eighteen months, each day it shone for about four hours;
and still this light was only a feeble shadow; the fruits did
not ripen and the wine tasted like sour grapes.”

Many documents from 535 - 536 A.D. speak of the
terrible "dry fog" or cloud of dust that obscured the sun,
causing widespread crop failures in Europe, and summer
frosts, drought, and famine in China.

This eruption threw so much sulfur dioxide (SO2) gas
into the stratosphere that a '"Volcanic Winter" resulted.
Sulfur dioxide reacts with water to form sulfuric acid
droplets (aerosol particles), which are highly reflective and
reduce the amount of incoming sunlight.



http://en.wikipedia.org/wiki/Volcanic_winter
http://en.wikipedia.org/wiki/Volcanic_winter
http://en.wikipedia.org/wiki/Volcanic_winter
http://www.wunderground.com/

Three types of global aerosol
atmospheric and climate catastrophes:

1. Impact (asteroid) winter
2. Volcanic winter

3. Nuclear winter



Middle Age warming & Little Ice age

During the last millennium there were
periods with high and low volcanic activity.

There were relatively few volcanic
eruptions took place between the 11th and 13th
centuries during the Middle Age warming period

After that there were at least 100 volcanic
eruptions between 1500 and 1800 during the
Little Ice age.



‘f:a\ Volcanic winter

Weather Underground
wunderground.com’

The eruptions capable of causing "Volcanic
Winter" effects severe enough to depress global
temperatures by 2°F (1°C) and trigger widespread crop
failures for 1 - 2 years afterwards could occur about once
every 200 - 300 years.

The Huaynaputina eruption with a magnitude 6 is
blamed for the Russian famine of 1601-1603, which killed
over half a million people and led to the overthrow of
Tsar Boris Godunov.

In the past 200 years, Mt. Pinatubo Iin the
Philippines (June 1991), EI Chichon (Mexico, 1982), Mt.
Agung (Indonesia, 1963), Santa Maria (Guatemala, 1902)
Krakatoa (Indonesia, 1883), and Tambora (1815) all
created noticeable cooling.
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http://www.wunderground.com/

Last two centuries

Height Global temperature de-
Year Volcano, region of Injec- Quantity of material crease and other conse-
tion, km quences
1783-1784 | Laki, Iceland >20 | > 122 Mt of SO, of which about| Almost complete absence of
95 Mt empted into the lower| direct solar radiation for 3
stratosphere months
I815 | Tambora, Indonesia >50 | 70-150 Mt of gaseous substances | 3-4°C; year without direct
solar radiation
[883 | Krakatau >50 | 25-55 Mt of gaseous substances | 0.5°C
1912 | Katmai, Alaska ~20 | 20 Mt of sulfide aerosols 0.3-0.5°C
1963 | Agung, Indonesia ~20 | > 16 Mt of sulfide aerosols 0.2-0.3°C
1982 | El Chichon, Mexico ~20 | ~12 Mt of sulfide aerosols 0.3°C
1991 | Pinatubo, the Phillippines | 20-25 | ~30 Mt of sulfide aerosols, 20 Mt| 0.3-0.5°C

SO,

The most intense volcanic eruptions in the 18th—20th centuries

(from lzrael et al, 2007)



Lord Byron “DREAM”

| had a dream, which was not all a dream.

The bright Sun was extinguished, and the stars
Did wander darkling in the eternal space,
Rayless, and pathless, and the icy earth

Swung blind and blackening in the moonless air;
Morn came and went--and came, and brought no day...

The habitations of all things which dwell,

Were burnt for beacons; cities were consumed,
And men were gathered round their blazing homes
To look once more into each other's face;

Happy were those who dwelt within the eye

Of the volcanoes, and their mountain-torch...

The winds were withered in the stagnant air,
And the clouds perish'd; Darkness had no need
Of aid from them--She was the Universe.



IuadcdpbaTnanokyanb gHem, anpensb 2010
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M. 0. JlepmoHTOB

NMPOPOK

...fllocbinan nensiom A rnaay,
U3 ropopoB 6exxan 1 HULLMMK,

M BOT B NyCTbiHE A XXMBY,

Kak ntTuubl, gapom 6o0XXbem nuiuMm...



Some greatest forest and peat fires in XX
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1 - fire areas, 2 - smoke paths, 3 - smoke clouds boundaries



T K

T K
280k

0°C
270

280

270

260

250 |
A T,

U3meHeHUss memnepamypbl nogepxHocmu u cpeoHeu
memnepamypbl ammMocgepbl 3eMsiu 8 3agucumocmu
om npupauweHusi a3po30JibHOU onmu4eckol
nnomHocmu At 8 mensioeom duarna3oHe.

1 — memnepamypa nogepxHocmu, 2 — memnepamypa
ammocghepbi Had cywel, 3 — memnepamypa
ammocgepbl Had okeaHOM npu At | At\, = Y4 (nbinb),

4-6 — memnepamypa 3eMHoOU nosepxHocmu (4) u
ammocghepbl Hao cywel (5) u Ha0 okeaHom (6) ons
9dbIM08020 a3po3o0sisi npu At/ At = 1/10
u anb6edo A=0.3.

0 0.5 1.0

U3meHeHue memnepamypbi nogepxHocmu (1) u
ammocaghepbl Haod cywel (2) u Had okeaHoM (3) npu
anb6edo A(7;) — 0.1,



Nuclear winter revisited with a modern climate model and
current nuclear arsenals: Still catastrophic conseguences

A. Robock, L. Oman, G.L. Stenchikov
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 112, D13107, doi:10.1029/2006JD008235, 2007

GISS Global Average Temperature Anomaly
+5Tg, 50 Tg, 150 Tg smoke in 2006
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NnobanbHO ocCpegHeHHble Temnepartypbl
NOBEpPXHOCTU U MPUNOBEPXHOCTHOro Bo3ayxa Ha
nnaHerax 3eMHoM rpynnbl (Kpome Mepkypus)
obycnoeneHbl napHukKoBbiM 3cdhdhekTtom mx
armocdep.

OpHako 3emna, Mapc m BeHepa sApko
BEeMOHCTPMUPYIOT pa3HooOpasme nposaBneHunA
napHukoBoro 3ddexkrta B armocdcdepax cC
Pa3fIMYHOMU ONTUYECKOM rnybmHOMU, pas3nuuHbLIM
ra3oBbiMm M a’poO30JyibHbIM COCTaABOM U pPa3HOM
o6navyHoCTbLIO.

Ona oueHKu BenuuMHblI NapHUKOBOro
acdhchbekTta armocdepsl rnaBHbIM nNapamMeTpom
SIBNIAETCA ee OonTuYecKasa TOoNnuwMHa B TenmnoBoM
obnacTm cnekrpa.
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MapameTp

PaccrosHue ot ConHua, a.e.

Mepuopn o6paweHunsn

Macca (B eauHMLaX 3eMHOM
Macchbl)
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Mapc

Atmocdepa COCTOMT TMPAKTUUYECKM LEeNIMKoOM U3
yrnekucnoro rasa. Ontuueckas ToONWMHA MapCUaAHCKOM
armoccepsl B TennoBouM ob6nactu cnekrpa HeBenuka,
MO3TOMY TEensfioBOe€ MU3NyYeHUEe  NOBEepPXHOCTHU Mapca
nporpeBaeT ee MnpakTUu4YeckKkum paBHOMepHO no Bbicote. Ha
Mapce cnyuyarorca rnobanbHblie nbinesBble Oypu, KoTopble
CO3[Aal0T APKO BbipaXkeHHbIM aHTUNAPHUKOBbLIN 3chheKT.

BeHepa

LlenukomMm nokpbiTa 06Ma4YyHOCTBIO Ha BbICOTaX
Bbiwwe 50 KM, KoTopas co3paeT BbiCOKoe anbbepo
nnaHeTbl U pPEe3KO YMEeHbIUAeT MNOTOK COJIHeYHOoro
M3nyuyeHmMa K noeepxHoctu. HuxHaa armocdepa
BeHepsbl, Tak Xe kKak m Mapca, cocTOMT npaKkTuvyeckKu
LefIMKOM MX YrneKumcrnioro rasa, HO MMeeT OrpoMHYIO
ONTUUYECKYIO TOJNUMHY, B pe3ynbTarte Yero remneparypa
y noBepxHocTu BeHepbl — COTHM rpaaycoB Llenbcusa.



3emnsa

OnTuueckan rtonuwmHa armocdepbl 3emMnm B TennoBOM
obnactm MHoro 6onbwe MapCMAHCKOM UM MHOrNo MeEeHblue
BeHepmaHckon. O6nakoe Ha 3emne ToXxe 6onbuwe, yem Ha
Mapce, n meHblwie, yem Ha BeHepe. Kpome TOro, B 3eMHOM
armocdepe OTHOCUTENbHO Mario YrneKmcrioro rasa.

MNMpu paagmaumMoOHHOM PpaBHOBECUM BepTUKANbHbIN
rpagueHT TemMnepatypbl B HMXHMX CJiOSIX 3€@MHOM
armocdepbl sABNAeTcA cBepxaguabarnueckmm, noO3ITOMY
BO3HMKAIOT BepTUKaNbHbIe MNOTOKM, YMeHbLiawlume 3TOoT
rpagMeHT p[o BenuuuMH, MeHbWMX apumabaTrunueckoro, B
pe3ynbTare 4ero B armocdepe 3emMnum CYLWECTBYIOT
Tponocdepa m crparocdepa.

O6naka Ha 3emne B OCHOBHOM (pOpMMPYIOTCH B TOMLLE
Tponocdepbl — NOCTOAHHO NepemMewiMBaeMoM crioe Bo3ayxa
3a CuUYeT BOCXOoAAUWMX M HUCXOASAWMX MNOTOKOB, MNO3ITOMY
obnayHoCcTb Ha 3eMrne He MOXeT NOoKpbIBaTh BCIO NiaHeTy, a
ee 6ann He MoOXeT CUNbHO OTNMYAaTLCA OT NATU 6annos.



fAABneHme Paleocene-Eocene Thermal Maximum (PETM) nmmeno
MecTo npumepHo 55 mnH. ner (Ma) Hasap M 3aKknwu4anochb B
rno6banbHOM noTtenneHMn 3eMHOM NOBEepXHOCTU, OLEeHUBAEMOM
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Aoknaasbl PAH, 1. 413, N26, c. 816-8109.



Cnacunbo
3a BHUMaHHue,
CHMNCXO)XXOgeHue

M TepneHuse
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