


O YEM MOUAET PEYb

= YT0 BOOOLLE 3HAUYUT «COBPEMEHHbBIE UBMEHEHUS KNUMaTa»?
= Kak yenoBek BnmsaeT Ha Knumat?
= A Kak 6bIn0o paHble? (M 0TKyAa Mbl MPO 3TO 3HAEM?)

= Kaknm byget knumat 3emnm?



KAUMAT MEHAETCA TTOCTOSLAHHO...

XeHapuk ABepkamn. 3uMHul nelizax ¢ KOHbKob6exuamu, 1609



UTO XE TAKOE «COBPEMEHHOE TNAOBANAPHOE
MOTENMAEHUNE>?

cpednss zodoBas

cpenHsas 3a 10 net

Temnepartypa (°C) otHocuTenbHo 1986-2005

IPCC ARS, 2014



KAK Y3HATb, KAKUM BbIN KAUMAT B AANEKOM
MPOLWIANAOM?




KAK Y3HATb, KAKUM BbIN KAUMAT B AANEKOM
MPOLWIANAOM?

®doto: NSF



Mbl XXUBEM B CAMYH TETIAYH 3MOXY 3A 1000 NET

CEBEPHOE TTOAYLWAPUE

Temnepatypa (°C) oTHOCUTENBLHO
1961-1990

CUHUl: nareozeozpadudeckue daHHble IPCC ARS
KPACHOBIA: UHCMPYMEHMAAbHBIE HAOAHODEHUS 2014
cepolii: nozpeuwHocmo



YeM YHUKAAbHO COBPEMEHHOE NMOTETNIAEHUE?

CEBEPHOE « OHO 04YeHb Obicmpoe

MOAYLWAPUE

Temnepartypa (°C)
oTHocuTtenbHo 1961-1990

CUHUl: nareozeozpadpudeckue daHHble
KPACHOIR: UHCMPYMEHIMAAbHbIE HAOAFODEHUS
cepblil: nozpewHocmo



YeM YHUKAAbHO COBPEMEHHOE NMOTETNIAEHUE?

» OHo o4eHb dbicmpoe
« OHO 2A00aAbHOE

Habnogaemoe nsmeHeHne npusemMHom
Manras AedHukoBas anoxa TemnepaTypsl B nepvoa 1901-2012 rr

TemnepartypHas aHomanus (°C) TemneparypHasa aHomanus (°C)



YeM YHUKAAbHO COBPEMEHHOE NMOTETNIAEHUE?

« OHO 04YeHb Obicmpoe

« OHo 2A00aAbHOE

« OHo cB43aHo ¢
deameAbHOCIMbrO YeAoBeka

Habnogaemoe nsmeHeHne npusemMHom
Manras AedHukoBas anoxa TemnepaTypsl B nepvoa 1901-2012 rr

TemneparypHas aHomanus (°C) TemnepatypHasi aHomanusa (°C) 10



UTO TAKOE «ITA

CsaHTe Appennyc (1859-1927)

THE
LONDON, EDINBURGH, axp DUBLIN

PHILOSOPHICAL MAGAZINE

AND
JOURNAIL OF SCIENCE.

[FIFTH SERIES.]

AP RIL 1896,

XXXL. On the Influeace of Carbonie Acid in the Air wpon
the Temperature of the Ground. By Prof. Svasrte
ARRHENIUX *,

L. Introduction : Observations of Langley on
Atimospherical Ahsorption.

GREAT deal has been written on the influence of
the absorption of the atmosphere upon the climate.
wlall t in particalar has pointed out the enormons im-
nee of this question.  To him it was chiefly the diurnal

£ uperadure that d by

as long
Is the mean
influoncod by the
shere? Fourierd

beorb s in the atm

he atmosphere acts like the glass of a lot-
bouse, because it lets through the light rays of the sun but
retains the dark rays from the ground. This idea was
elaborated by Pouillet § Langley was by some of his
researches led to the view, that *the temperatare of the
earth under direct sunshine, even though our atmosphere
were present as now, would probably fall to —200° C,, if
that atmosphere did not possess the quality of selective

* Extract from o paper presented to the Royal Swedish Academy of
Seiences, 11th Docember, 1505,  Commanicated by the Author.

1 ¢ Heat a Modo of Motion," 20d ed. p. 405 (Load,, 1883).

| Mém. de U Ae. R. d. Sei. de UInst. de France, t. vii, 1827,

§ Comples rendus, t. vii. p. 41 (1838),

Phil. Mag. S. 5. Vol. 41. No. 251, dpril 1896, 8

PHUK.OBbIN 3 PEKT>?
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Be3 napHukoBozo agpdpekma:

kopomkoBoaHoBoe
U3AYUeHuUe

NOBepXHOCIME NAaHEM®BI

& ARHNA

Kocmudeckoe npocrmpancmbo

OAUHHOBoAHOBOE
U3AYYeHue



C napHukoBoim agpdpekmonm:

KocMu4eckoe npocmparcmbo

mennoBoe
U3AYYeHue
ammocgepol
6 kocMoc
kopomkoBoaHoBoe OAUHHOBoAHOBOE mennoBoe
U3BAYYEHUE usAyveHue U3AYYEHUE
ammocgepol

NOBepXHOCIME NAaHEM®BI

& ARHN



MAPHUK.OBbIN 3PPEKT — XOPOLLO UAU
MAOXO?

CpeaHssa Temnepatypa noBepxHocTn 3emnn +14°C

be3 napHukoBoro adodekrta temrneparypa 3emnu
6bina 6bl paBHa -25°C

[TapHUKOBbIN 3G PEKT HarpeBaeT 3eMrito
Ha 39 rpagycos!!!
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OCHOBHbIE TAPHUK.OBbIE TA3bI

BoasHon nap (o6beMHasga gons B atmocdepe — oo 2-3%)

@ms (CO,) — 0,03%

MetaH — 0,00007%

O30H - 0,001%
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BAUAHUE TTAPHUKOBOIO 3OPEKTA HA
KAUMAT

350 MnH. n.H.
0ypHoe pasBumue

pacmu W\e/\bHocD

—

>

CHWXEHMne
konnyectea CO,

/ 300 MMH. N.H.
2A00aAbHOE

NOXOAOODAHUE

— OAEOeHeHUe
MaccoBoe Boimuparue Budob

leo



BAUSHUE MAPHUK.OBOIO 3QPEKTA HA

KAUNMAT

Muxaun UBaroBuu Bydeiko
(1920-2001)

«3a CYET X03ANCTBEHHON OeATenbHOCTM YyernoBeka koHueHTpauusa CO, K

The Future Climate

M.1. Budyko

Man and Climate

The influence of man on chmate
began to show itself as carly as sever
al ihcusand yeass ago. n many aress
forests gave way to cultivated land,
which resslted in an increase In sur
face wind speed, and some chasge of
temperature and bumidity = the
Jower boumdary liyer, as well i a
chuage i the regime of soll modsture,
evaporation, aad giver nanoff.
Another ffect of man's activity up-
on climste i amifical lengation,
which has beer applied in arid re
poas for many cesturics. lirgation
appreciably increases evaporation
from the esrth's surface, causing tem-
perature decrease and an icrease
relative humidsty. Obssrvations have
sown that the effect of forest felling
and irrigation on meteorological con-
ditions is limited only to changes =
Jocal climate, Le.. the climate of the
regicas where pertinent meamiree
mests wre cured out |Landsbery,
1970)

In recent decades man's impact oa
metcorological mgime his iecreased
This increase is sssociated, in particu
Las, with a wide-scale development of
fld-protecting sfforetation, demia-
gt of manh-widden arcas, and buld-
Ing of reservolss.

Shelter belts lower the wind speed
over (iekds betweea belts and weaken
the intensity of vertical air motions
mear the earth’s surface. This muns
mires 1he postitabity of dumt storm
occurrence and prevests (e blowiag

of snow from fields in the cold see-
w00 of the year. The drainage of owver.
sstursted soil gencrally has an effect
on climatic conditions opposite to
that of irngation, When swamps are
aradrad. e 5ol modsture s reduced,
s temperuture rises, and evaporation
Becoeases

Some charges of climate are ob
served in the regioms of large resec
vours. Building of resecvours decroases
the rougheess of the earth’s wirface,
which promotes & stronger wind. The
creation of a waler storige basin uys-
ally leads o 3 decresse in Qiursal
tempersture waristions as well a5 an
increass in evaporation

Althesgh ameborstion memwres
e conducted ower vast and stll ex
tending areas, studies have shown
that they, like 1he tuilding of reses
woirs, 8o moi exert @ notieable influ.
ence upon the global climate

However, there are other ways in
which eccmomss sctivities lafluence
atmospheriz processms thet comld
kad to wodal cLmstic humaon I
known that bilbons of tans of coal
and oil are burmed every yeas, and as
a reault an cacrmous amoust of car-
bos dioxide enters e slmospdere.
I 2l the carbon dwasie produced by
man remaimed in the stmosphere, its
conceniration would grow rapidly
MHoweves, because of the constant ex
<h of cabon doxide bteiwren
the atmosphere and the ocesn (which
can adeorh 2 greal ancunt of carbon

KOHLY Beka MoxeT coctaButb 0,038%»

dionuie), oaly part of asthropopenic
carbon dioxiée remains in the azmos.
phere. The data avallabie Rave showa
that in receat decades the amount of
carbon dioxide i the atmosphere has
gown by 10%—15% in the bast cea-
tury, and now this amount contimses
nsing by approximately 0.2% 8 ycor.

Carbon @oxide has a certan
fect ca the atmsospheric thermal
regime. Since il does not seclously
mpede the shortwwve solir radiation
approschiag the earth’s surface and
apprecmbly attewsates the long-wave
e n cutgoing 10 the space,
an mcrease in the carbon dotsde
concentration rxiecs the temperatare
mear (e earth’s surfoce. The calouls-
boas made bave shown that by the
end of cur century wech a tempers-
ture cise may account for about 0.3%
[Srudy of Man's Impact on Chimare,
¥

Among other conmquences of
man’s activities sffecting climate, the
gowth of eneegy production should
bt mestioned. All the szergy con-
sumed by man is eventually tisss-
formed into heat, its major portion
acting as an additicsal source of
energy for the earih that contritutes
o temperarure rise

Of all the more or less substantial
compoaents of the presens cozsump-
tom of entrgy by muan, caly water
power azd transformaticn of solas
energy into wood and fiber do mot
chasge the hest balance of the curth

«paCHéTbl NOKa3bIBAKOT, YTO K KOHLLY HAaLlero BeKa

NOBbILLIEHME TeMNepaTypbl 3a CYET pocTa YrNeKUcroro rasa

coctaBut npumepHo 0,5°Cx»
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BAUAHUE TTAPHUK.QOBOIO 3®PEKTA HA
KAUNMAT 3

cpednas 2odobas

cpeaHsaa 3a 10 net

Temnepamypa (°C) omHocumerbHo 1986 -2.0

Muxaun UBaroBuu Bydeiko
(1920-2001)

«3a CYET X03ANCTBEHHON OeATenbHOCTM YyernoBeka koHueHTpauusa CO, K
KOHLY Beka MoxeT coctaBuTb 0,038%» 0,037

«paCHéTbI NOKa3bIBAKOT, YTO K KOHLLY HAaLlero BeKa

NOBbLILLEHME TeMMepaTypbl 3@ CYET POCTa YINEKNCNOro rasa
coctaBuT npnumepHo 0,5°Cx» 0,5
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AEASHbIE K.EEPHbl — HOBAS 3PA
MAAEOKAMMATUYECKMX MCCAEAOBAHMM

®doto: B.A. JluneHkoB



OCHOBHbIE MPOEK.Tbl BYPEHUS AbAA

O KoHeH
O
Kynon F
O Kyrnon A
O BocTtok
WAIS O
O KoHkopaus

20
Kapta: National Geographic



AHTAPKTUYECKUN NEA — KAAAE3b
UHGOPMALMUN O KAUMATE

®doTo: B.A. lluneHkoB



AHTAPKTUYECK MU NEA — KAAAE3Db
MHOOPMALLUUN O KAUMATE

Petit et al., 1999



AHTAPKTUYECK MU NEA — KAAAE3Db
MHOOPMALLUUN O KAUMATE

Petit et al., 1999



AHTAPKTUYECK MU NEA — KAAAE3Db
MHOOPMALLUUN O KAUMATE

KoHueHmpauyus napHukoBeix 2a308 8 ammocgepe

AedsHble KepHol
UHCMPYMEHMAAbHbIE U3Me, peHus

IPCC ARS, 2014
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KOIrAA HA 3EMAE MMOCAEAHUN PA3 BbIAA
TAKAS KOHUEHTPALUMUS CO,?

TOYHO He N3BECTHO, ~ 5-15 MNH. NeT Ha3an

9710 Oblnla coBceM apyras nnaHeTa:
Temnepatypa 3emnu 6bina Bbllle
Ha 2-3°C, negHNKOB He CcyLLeCcTBOBarno

IPCC ARS, 2014
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OTKYAA BOOBULE BEPETCH CO,?
YFAEPOAHBIA LIMKA

IPCC ARS, 2014



A OH TOYHO U3 NCKOMAEMOIO TONTAUNBA?

yrmneKnCrbIn ras C + 02 = COZ

\ eCAU Y2AEKUCAD20 2Aa3a
npudoblBaem — Kucaopoda

v JdoAXKHO yoviBamp?!

Kucropop,
IPCC ARS, 2014

1960 1970 1980 1990 2000 2010
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A OH TOYHO U3 NCKOMAEMOIO TONTAUNBA?

N3oTonHbIM cocTaB (KOHUEHTpaums
nsortona 3C) nckonaemowm opraHuku
Hxe, yem y CO, B aTmMmocdhepe —
3HA4YUT, NPU €€ CXUraHN U30TOIMHbIN
COCTaB YrIeKMUCIoro rasa gosmKeH
NoHmXaTbcA!

13 —
konm4yecTtBo °C ymeHbLLIaeTcs IPCC ARS, 2014

1960 1970 1980 1990 2000 2010



KAK EUWE YEANOBEK BAULAET HA KAUMAT?

N

> napHUKOBbIE
ra3bl

AN

> KOPOTKOXMBYLLME rasbl 1
aspo3onu

NPUPOAHbLIE (hakTopbl

IPCC ARS, 2014



aHomManuna Temnepartypbl

COJIHEYHaA aKTUBHOCTb

ByIKaHM4YeCKad akKTUBHOCTb

BHYTPEHHAA N3SMEHYNBOCTb

aHTPOMNOreHHbIN hakTop

CPABHEHUE
AHTPOIOTEHHOIO U
MPUPOAHbIX GAKTOPORB

> 90 % nameH4YnMBOoCTU Knnmarta B XX
BEKe CBSI3aHO C aHTPOMOreHHbIM
doakTopom

IPCC ARS, 2014
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BO3MOXHO AU, UTO MOTENAEHUE CK.OPO
CMEHUTCS TOXOAO AAHUEM?

durem «Tlocresabmpa>,
2004



BO3MOXHO AU, UTO MOTENAEHUE CK.OPO
CMEHUTCS TOXOAO AAHUEM?

HadArodaemoe usMeHeHue npuseMHoil memnepamypol 8 nepuod 1901-2012

IPCC ARS, 2014



KOrAA HACTYTIUT CAEAYHROULUMN AEAHUNK.OBbIU
MEPUOA?

Uepes 10 Tbicau net

... WITN HUKOTAa

Raynaud et al., 2005



YTO KPOME TIOTENMAEHWNA?

YBeAuueHue Yacmomol aKCMpPeMAarbHbiX 6AeHull
TagHue AedHUKkoB u Mopckozo Abda

Paspywerue Beyroli Mep3romaol

MaccoBoe Boimuparue 6udob

CMeweHue npupoodHbiX 30H

PacnpocmpareHue anudeMuii

3aKUuCAeHUE U 2UNOKCUSA OKeaHa
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UTO BYAET AAABLUE? MTOTENAEHUE? — AA

[MporHo3 cpegHen rmobanbHOM TeMmnepaTtypbl

(no cpaBHeHMto ¢ 1986-2005) CpenHee 3a
2081-2100

[lanbHeWlwlee noTenrneHne —
HaJosro...
Ho Ha ckornbko rpagycoB?

lon IPCC ARS, 2014
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HEAUWHEWUHAS CUCTEMA

D —

ycTon4mnsoe
COCTOSHME



HEAUWHEWUHAS CUCTEMA

<>
ycTon4msoe
COCTOSHME



YPOBEHb MOPS - ABA CUEHAPUL

De Conto and Pollard,
2016



MOBbLILWWEHNE HA 2°C HEAOTNTYCTUMO!

[oknag MI'OUK o noBblLLeHUN
Temneparypbl Ha 1,5 °C:

«rosbiWieHuUe memMrepamypsl Ha 2
°C Hedortycmumoy

Utobbl yaepxatb Temnepartypy B npegenax 1,5 °C,
HY>XHbl MaclUTabHble N CPOYHbIE MEPbI:

* CHN3UTb BblIOpockl CO2 Ha 45 % k 2030 roay;

* 85 % aHeprnn n3 Bo306HOBNSAEMbIX UCTOYHUKOB K 2050
rogy
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KOFAA BYAET 1,5 °C?

[MoBblweHne Ha 1,5 °C M.6.
pocturHyTo yxxe B 2030 rogy

IPCC SR1.5, 2018
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KAK MOXHO CHNU3NTb BblBPOCDHI?

YTtO 4 (Tbl, OH, OHA) MOXeT caenartb:

* Yalllie Nosib30BaTbCA OOLLECTBEHHBIM TPAHCMNOPTOM;
* 3KOHOMUTb AHEPTUIO;

* COKpaTUTb NOoTpebrneHne msaca

* YTUNN3NPOBaTb OTXOAbl, UCMOMNb30BaTb BTOPChIPLE,
9KOHOMUTb BOAY;

* N(HOOPMMPOBATb N 0Dy4aTb

OO0HO20 nuWb CHUXEHUS
8bI6bpocoe HedocmamoyHo! HyxHo
usbsimams CO, u3z ammocgpepsl!

IPCC ARS, 2014
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.. U HE FOBOPUTE, YTO BAC HE
MPEAYTTPEXAAAM!
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