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Maszyna klimatyczna Ziemia (zmiennosc w:'skall geo/oglc | Hj)’

Epoka lodowa w ktore| zyjemy (zmiennosc w. skall m/cmry) s ety
Gwattowne zmiany klimatu (deglacjacja, zmlennesesuperbitalnar)
Holocen: klimat, ocean a cywilizacja, (Stafa stoneczna iwulkanizmn)
Potnocny Atlantyk — kuznia klimatu (eyrkulacja termohalinowa)

Zmiennesc klimatu w skali dekadalnej (AMO, NAO, PDO)

Trropikita zmiennosc klimatu (ENSO; huragany, monsuny)
Aerezolswielkamiewiadenarklimatyczna

Gazy o znaczeniur klimatyeznymi(cyrxi'wegla, CO., metan, DMS)

Globalne ocieplenie a ocean (zmiennosc antropogeniczna)
Zmiany klimatyczne w:rejenach poelarnych




What causes the multidecadal variability of
global temperature?
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On top of the global warming trend, the instiumentalitemperature records
show significant multidecadal variability. To better learn the actual climate
sensitivity togreenhouse gases, we need to understand how much of it is

Temperature (deviation from 1880-1920 mean)

caused by changing fercingl (natural andanthrepegenic) and! how: much; by,
naturalivanabilityZsAnd whatithis, varability,actuallyise?
The Copenhagen Diagnosis 2009



How can we explain any multiannual
climate oscillations?

The absorbed ameunt o

. . . : . 10 . » 6 .8 heat (in 107 J) by various
: : : ; , : : : : COMponents of Earin)
clirnate  racnine:  ocean

R\ Heat absarbed by the atmosphere  5%.
Heat absorbed by the continents (Beltraml ef al., 2002) ocean m|SS|ng 7% is the Iatent

Heat required to malt continental glaciers at estimated maximum melting rate heat Of Ice-SheetS and Secd
(Houghton et al., 2001) ic2, Tre zcivzl nezit Conlisli

Heat absorbed by the atmosphere during 1955-06 (Levitus et al., 2001) share of the ocean even

bigger share of the pie as
Heat required to reduce Antarctic sea-ice extent (de la Mare, 1997) ocean haS a IOng relaxation

Heat required to melt mountain glaciers at estimated maximum melting rate time for heat fluxes
{Houghton et al,, 2001) (hundreds of years) and has

Heat required to melt northern hemisphere sea-ice (Parkinson et al., 1999) not yet adjusted to the

present greenhouse foreing.
Heat required to meit Arctic perennial sea-ice volume (Rothrock et al., 1993)

Levitus, Antono, Boyer 2005
(Geophysical Res. Letters)
There are many known or suspected multiannual climate oscillations, (examples
will be shown soen) but it is;net possible to explain any of them without air-sea
Interaction because the heat content ofi landl andl atmosphere is too small for a

muluennualicimate” memony: (and continentalimeistune cananely explain
pianRugiNarmraeiity);




What are the possible mechanisms of
mterannual climate oscillations?
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Frequency response of an
ideal harmonic oscillator.
Real climate system are
REther harmonic
(nonlinearities) nor ideal
(they: have damping) but the
main conclusions, are still
true.

en.wikipedia, or.g




What need we to do?
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Two phases of
ENSO
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Atlantic Multidecadal Oscillation
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Atlantic. Multidecadal osclillation is,a periodical (60-70 years) warming
and cooling off NerthrAtlantic. The temperature anemaly: of North

Atlantici(tep)iis used as the ANVO. index.

Surtion, Elodson 2009



Solar forcing: sun activity spectrum from tree ring C*
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Solar activity from tree ring “C'shows many’ cycles but the shorter
important one is 88 year long. It is difficult to explain any multiannual or
multidecadal variability: off a shorter period by sun only. \We alse know.

oft no)other external decadall periedical fercings.



Observed AMO pattern
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Meridional overturning climate effect

90°N

Temperature change (°C)

General circulation models (here HadCM3 model) show: that
stopping MOC would create ai characteristic climate pattern of
northern cooeling (especially: 1 North: Atlantic) and soeuthermn

Wanming (more diffuse). Strengthening V@& hasaninVverse ellect:
Rahmsiorf 2002




Meridional transport of heat: the Atlantic exception
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Ocean heattranspornti(positivermeans Northward, negative Southward)

The Atlantic is the only ocean where thanks to THC, the hear transport
crosses the equator and reaches much further North than in the Pacific.
With the exception of Indian Ocean monsoon (transporting heat

southward), It is, the only: significant mechanism coupling| the: climate of:

NGIEm and Seuthenm Hemispheres:
Trenveri & Caron, 2001 (Journdal of Climcie)



Ocean and atmospheric MOC heat transport variability
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(a)—(b) Regressions'oi the'anomalouss heat transport for the ocean (red),
atmosphere (blue), with one standard deviation ensemble member spread,
and the zonal mean SST anomaly (black) on the normalized V-index. (c)
Spatial distribution: ofi the regression of the SSTI's  on the nermalized V-index
(CCM3 modellonly). Results are multiplied withi=1.

Manisis & Clement. 2009 (GHL)



AMOC exchanges heat between ocean and the
atmosphere on decadal scales
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The temperature of subsurface tropical North Atlantic and surface waters
are anticorrelated on decadal scales showing that AMOC exchanges: heat

not only: between| the hemispheres: but alse between, the ocean; and the
atmesphere withrantAVIO=like timeseale

Zhang 2007 (GRL)



The bipolar see-saw was active also in the 20" century

Arctic Temperature Anomaly

TThe bipelarsee=sawaiirst
discovered! in therglaeiaifera
paleodatawasialspracVeNnttne
20" centiny:
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1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 The ArCtiC and Antarctic
temperature anomalies (from NASA
GISS dataset) seem to have
Inverse phases; strengly suggesting
a M©C related interhemispherical
neat transport. IThe linear trend is
similar for both hemispheres and

bt | il A therefore related to global fercings
Y S | e (greenhouse gases and solar

| variability),
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Observed and reconstructed values of AMO
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Atlantic Multidecadal
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Annual r = 0.64 (20th Century r = 0.78)
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Using tree-ring width it was possible to reconstruct AMO of past four
centuries; (caveat: o at least something that well correlates witht AMO

during the time we could olksernve it directly)

Gray er al, 2004 (CGeoohvsical Researeh Letieps



Modeled AMO: wavelet analysis
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Wavelet analysis of modeled 1400 years of AMO (HadCM3 model)
showinga 70120 year period off AMO.

Kpiahi 2i al, 2009 (Geophysical Research Leiiers)



Observed and modeled AMO climate effects

A
60°N

Quservad (tog) 2 o 15
rrodelad o s'rU zls)
rl ]'Of'(]f]( F("“’—\'\ =C
'SSHF(middigyrand =
ideall AMO SST D 4
values (bottom) 60N Jax
decadal variability ek
of air pressure 20°N -
(left), precipitation, s
(center) and
surface

20°N |

ilemperature(Hght):
e plets should
be interpreted as
positive — negative
phase of AMO
Values.

L ] | |

T T T 1 T T T !

160°W 80°W 0°E

o | [
-1.5 -05 05 :




Observed and modeled AMO influences
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IS It easy o explainithe




Intertropical Convergence Zone

January ITCZ

Polar front .

Inithe yearly cycle, ITCZ
moves always to the
nemisphere which receives
more heat from the sun
see lower panel).

Lo 2i al, 2004



Variability of AS|a monsoon and Caribbean precipitation
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Long term monsoon variability controlled by NH insolation
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Vionseon intensity over last 230ka from south China stalagmites compared
withisummer inselation at 65° N. Al'named ‘wiggles” correspondent to, THC
elated NorthrAtianticievents. litis clear that the [ICZ positioRys contielicdis)y,
NeESeUINEMPEratUREdIffErENCE: Wane e al. 2008 (Naiure)




Is AMO another name for global warming?
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SST changes of North/ Atlantic [0° to 60° NJ (lefit) andiglelalfeceans |60 S to 60° N (rHght) shew
similar temporal variability. IS one'offthemrdue to the other?

Subtracting the global trend
from North Atlantic SST time
series shows the residual
AMO. But isn't it strange that it
ISiin phase with global
temperature variability?

| W \I I|'I

However it nicely. explains the
hurricane correlation If Vecel &

S5y changes) oft North Atlantic: with the alobal trend: Soeden 2007 are.[glit:
Slbinacted NS Canr e tieated asr annimpreyvedsAlVI@

INEEXE Trenberih Shea 2000 (CGeoplvsical Research Leiters
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Is AMO another name for global warming?
The spatial pattern.

Correlationrof'the revisedPANMOrndex with global surface air
temperatures for 1900 to 2004 based on annual values. Only
values, in the North Atlantic. can be considered significant.

IS there a goed reason; fior AMOite be in phasewithiglehal
lempenature? Trenterinh Shea 2006 (Geophysical Researeh Leiiers
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Global SST and AMO idices are not fully independent
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free global
temperature
data series.

Wane & Done 2010 (GRL



There is only one problem...

061 Climate Change It 558115 W/ o not need THC
051 Attribution e
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Increasinglsplaracuvitysand
greenipuseErgases and a
preak in volcanism.

Temperature Change (°C)
odeled Forcing

Response (°C)

The cooling of 1950s and
1960s was due to more
aerosol emission (industrial
RAROFLRY  sulfur rich smoke) and
RN [Ncrease of volcanism.
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The last 30 years were
dominatedl by greenhouse

T T T T'D-3 1
1900 1930 1960 1990 Jases CIeaoe,

Meehl ef al. 2005, 2004 (Journal of Climaie)



Brightening of Earth (since 1990)
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\Vost stations measuring aerosol opticall thickness note increasing| irradiation
(lessiaeresol) since 1990. Only: tropicall stations, ini India subcontinent, Affrica
and South America show. of irradiation. Especially: the Nonthernmn

LHIEMISphEreecame clearer sinceithe falllol SeVIEterateavyandustiays
' Wild ei al. 2005 (Scignce)




Again: why is AMO in phase with greenhouse and aerosol
forced global warming?
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Northern Hemisphere temperatures and using
AMO forced (left) and greenhouse gas forced (right) general circulation
model. Both allegeadly: explain the observed variability. This loeks too

good to be true. Unless...

Zhane Dalworih Eleld 2007 (Geoohysical Research Leiiers



Apparently other people are thinking too...
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A reminder: THC volume depends on the inflow of fresh
water to North Atlantic
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Sitjezlreiic (red) ziniel Paolzls
(black) Atlziniiic

Climate models show: that fresh water influences NADW: preduction in non-

linear way (with a hysteresis).

Iniorder to stop THC, nature needs more

fresh water added far from the Arctic (in the Tropical Atlantic) or less added
N the Subarctic. Inithe glacialitimes the hysteresis loep was narrower: (due
smallerNABRVWpreducing basins) Which causeadithie climale o etpstanies

Ganovolski & Rahmsior



We have a mechanism for AMO

Urniforced rnodeling witr)
rladCMS gerneral circulatior)
rrodel snows 2 sealinity oulse
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plel freps) ire)o)|
northwards witira perlod o)f
about 100, yearss
The mechanismns astiollows:
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increased THC —
north shifted ITCZ —
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south north ITC freshwater Impulse —

; wamer: Eu cooler gﬂmj cooler Eq, Warmer
— L decreased THC

Yellipiga Wi 2004
(Journal of Climcaie,




We have even more than one possible mechanism
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Dima and Lohmann proposed a more complicated mechanism involving
NAO changes influencing freshwater inflows from the Arctic. The above
graphiis suppoesed to explain at'least part of it.

Grossmani ée Klomzpaeh 2000 CICGH) 2spldipine ih2 meelidanism progosed oy i ¢
Lohmann 2007 (o railier pari of ii)



So why is AMO in phase with “global warming™?

Because the anthropogenic forcings (especially aerosol related but also,
tora lessen degree greenhouse gases)rare stronger in the Northern
IHEMISPRENE; they create aiinter-hemisphere temperature gradients. This
moves [TCZ, influencing IiEHC in similarmanner as AMO itself. | believe
it possible that we created a forced' oscillator AMO! pattern, forcing its
phase to be in step with the sum anthropogenic forcings.

0)1 could We pOSSIb|y test the hypotheS|s? Only: by Using coupled
geEneralicinculation model



Some proof that AMO may be still a side-product of the
20" century anthropogenic forcings?

“Remember, no cycles!”
- Arkhangel s, : ~ Jim Ove

A new reconstiticlionieiaNGrih

20y | Atlantic suliaCeraiiMEMPEAUNES
A sa ¢ friom meteorological records going
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i1 “ i|| oscillation,, it was put in motion
only by anthrepoegenic forcing
.......................................... (most probably: North IHemisphere
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Woocd, Overland, Jonsson <& Smolialk 2010 (GRL — in press)



What it all means for our future
(two different views by the same authors)
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A statistical analysis of multiple climate indices (but
not AMO)teld"'Swanson and Tsonis that a a climate
shiftthas, recently.happened. IHowever adding one
eceanographertoithe team (and AMO) changed the
story. Now the record (heavy selid) can be explained
by AMO related variability and a greenhouse gases
driven trend (dashed line — temperature with the
variability isisubtracted, thin selid — quadratic fit.

Swanson < Tsonis 2009 (GRL): Swanson, Sugihdara & Tsonis 2009



Podsumowanie 1/3

. Jednym growriyern elernentow zenierinoscl ternosrairy 44
wisrku jest eyl o oxresiz oK. 70 lat, zwizizarny Z regiorienm)
WOKOr POINocnsgo Atleiniyicil, 2Welry Atleitycicel Oscylac'a .
Vitltidekadowa (AVIO): | 4
Wzorzec przestrzenny AMO, a szczegolnie odwrotn [ P—
zmian w. okolicy Arktyki i Antarktydy: SwiadeczyszerAniazel; i .
jest on ze zmian amil IntensSyWneSEI cyrkulachtermohallnowej

Jestesmy w stanie wyttumaczyc takii eykl'zmianami opadow w
rejonie tropikalnego Atlantyku Pothochego wymuszonymi
roznica temperatur obu potkuli | spowoedewanymi tym
zmianamilzasoelenia Atlantyku.

Jednak podehRe roznice temperattirmiedzy potkula pothocna
| potudniowg moglismy Wywotac zadymiajge te pierwsza w
plerwsze| potowie XX wieku

Czy zatem rozketysalismy” naturalny mod zmiennosci THC
PIZ\ POMGEY, AEleZoIU?




Pacific Decadal Oscillation (PDO)

warn phease cool phase

1940 1960 1980 2000

Odpowiednikiem AMO na Pacyfiku jest PDO, o okresie cyklu ok. 20ilat,

zidentylikowany! prizez Latifali Barnetta (1994) i zdefiniowany: jako) pIemwszy,

E@FE zmiennescitemperatuny: Pn. Pacyliku przez Viantueuinnychi {99
ntio:jisao. washinzion, edi/pdo/




PDO is phase-locked to Lunar tidal cycle

(A) D'Armigo annual-eastern PDO
L] T L] II R ﬁ. T L] T T

—BP20 ——PDOS5

TIDE186

1 -

Power Spectrum Density

1 1 L L i Lt L q n
] = T T

g I S S N S | S S 1700 1750 1800 1850 1900 1950 2000
001002003004005006007008009 0.1

Frequency (CPY) YEAR

PDO EET=spectrium shows;a prominent 16.6 year maximum which is
identical terthertunarfinduced nedal tidal.eycle (left). Tihe right panel is time-
sernes of o=year runningimean RDONPROS: thin black curve), bi-decadal
(BP20: 15.5—23.3year) component of the PDO!(red) andl inverted-18.6-year

period moon cycle (TIDE186: blue) where the maximum corresponds to the
minimum; diurnalltide.
Iihe tidalcycle seems to weak to create PDO but it may: be able: te phase-

lockiaratunallescillationieirNerth Paciliciolireughly  20yearpeniod:
ntio:jisao. washinsion, edi/pdo/




However PDO seems to have two
Independent components

10.2

0

90E

.0.4

0.2
0

-0.2
a.

Two first EOFs ofi North Pacific SST variability: since 1870.

D'Orgeyille & Peliier 2007 (GHRLE)



However PDO seems to have two independent components

(a)
60N — . : : s :
T | : -
- 1 h.-. 2Tk
RS NN
20N
-
0880 1900 1920 1940 _ 1960 1980 2000
= .
o - e _? =
ONF 257 3 ., o < { ‘
ok M‘iﬂao g “—w_.“ _
308—\{_ S D ]
BOGE T e A s e S =
90E 180E 90w

90E 180E

One of ine 20Fs seer relaied
(o =zsizrn gouridary ST
anoemaliespvitsthe tunartidal™
cycle o 116:6 years) (o)

Tiher other(Bottom) seems to
e mirroring AMOwithrar s
year'time lag. The bottom
figure consists of (a) Spatial
correlation between the PDO
and the time-lag regression on

the AMOlindex. (b) Spatial
structure of the time-lag
correlation on the AMO index
at lag of 13 years

D'Orgeyille & Peliier 2007 (GRL




North Atlantic Oscillation (NAO)

(NAO Index, SLP) Dec-Mar (mb)

150W 150E

Indeks NAO, zidentyfikowany przez Walkera (1924), najczescie| definiowany.
|ako roznica cisnien miedzy Lizbong a Reykjavikiem (na rysunku sytuacja
dodatniege NAO). Indeks ten| ttumaczy 31 % zroznicowania zimowyech
IEMpPErAUR NAPOINGE 0dl 205 N:

Crreaibatieh 2000
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Jak NOA wptywa na pogode wokot Atlantyku?

M standard. precipitation

N AR QT — \@ )
: 5 ir-.; B I 4
e 2ebe __

iff. of JUA standard. temperature

.\ II'

Odchylenie wartosci temperatury: (lewe panele) il opadow! (prawe) w: stosunku
doe) sredniej wieleroczne)l zima (gora) I latem(def) = reznica miedzy: dedatnimi i
UjemnymiiNAG:

Bradlzy ei al., 2007



Wartosc¢ Arctic Oscillation (AO) i zasieg nizow

Negative Phase

Positive Phase

Innym’ indeksem wysoce' skorelowanym: z NAO) jest Arctic Oscillation —
roznica cisnienia miedzy szerokosciami 37°-45° N a polarnymi, a zatem
miara intensywnoscil nizu| polarnego. Przy ujemnych wartesciach AO (czyli

zazwycza| I NAO) front: pelarny: (“/et stream’) odsuwa sie od bieguna
Sprawiajae, zEe: trasy: nizow, ai zatem) I strely, opadow: przesuwaja, sie na
pPoIUCHIE: Ganopolski i Rahmsiorf, 2002




Zimowe wartosci indeksu NAO od 1950

Standardized Seasonal Mean (JFM) NAOQ index (1950-2010)

3
2.3
5
1.5 -
1 -
0.3
O

—2.0 1

-3 i i i | | i i i i i i
1950 1955 159606 1965 1970 1975 1980 1985 19%0 1995 2000 2005 2010

Z\Wraca Uwage okres niskich wartesel w: latach) 60-tyehiihwysekich w: 90-tyech
Oliaz malejgea Warlose W ostatnichiiatach.
NI, coe. neep. nodd, sov/orodicis/orecio/C i linklpnalseason. JEYE nao, sif



llosC artykutow naukowych na temat NAO

120
M Articles
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Year

Wanner 2t al, 200) 1



Wptyw NAO na opady

E-P T21 (High-Low) NAO (mm-day™)

=2 =175 =15 -125 -1 =0.75 =05 -0.25 0 025 0.5 0.75 1 1.25 1.5 1.75

Anomalie opadow: zwiazane z zimowym indeksem NAO [mm/dzien]: srednia
dla zim z dodatnim NAOG minus srednia dlaizim z ujemnym. Wyglad uktadu

identyczny jakieiekt wybuchupwulkanuna tempenatunerzmea(Uwagas ziak:

arzy sl izl elofer Syyicleriinier gaylony)) Za Elipell 1997



Przypomnienie: anomalie temperatury zimg po Pinatubo

Po wybuchu wulkanow. trepikalnego) pierwsza zimal typowo) [est: ciepta m. In. W,
P EUrepIe a zimny na BliskimVVschoedze:
HRoboelk 2000



Przypomnienie: wartosci NAO w ciggu ostatnich 500 lat

Winter NAO (DJF) 1500-2001

- a
2 - I
S 1- | i 1 1
B (o i
g . \ N | ,u,l_ | ’|r I r-l .'|1'+;|,
2 _;_ ! lmw i ‘
: ——— Winter NAO
-3 7 : —— 9 point filter
| +/- 2 standard errors

1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000
Year

Indeks NAO jest wysoki gdy produkcja wod gtebinowych (THC) jest wysoka
('odwrotnie). Co jest przyczyng? NAO, THC czy aktywnosc stenca.

Zatem dlaczeqgo. przez ostatnie Kilkadziesigt lat THC malafa gay. NAO. rost?
Oadpowiedz: malata tylker na Wlerzach INoradyckich.

Luterbacher ef al, 2007



Nieustajgce dodatnie NAO w czasie ,cieptego sredniowiecza”?

Luterbacher A
i A M

Glueck

Z-Scores

T = % I =

z-Scores
r}: =

Z-Scores

LI
e 2 N A

z-Scores
R~

TTTTT

1700 1800

Rekonstrukcja indeksu NAO na podstawie wartosci izotepowych stalaktytow
ze Szkocji | stoi drzew z Vlaroka (czyli opadow w. rejonach zaleznych od

znaku NAO) swiadczy: o Istnieniu ekresu oketo 300 Iat (1100-1400/n.€.) z
nieustajgco dodatnimiindeksem NAO:

Trouet ei al 2009 (Sciznce)



Zmiennos¢ NAO silniejsza w ,okresie przemystowym™?

NAO index (unitless)

T | T [ T | T | ; | ! |
1400 1500 1600 1700 1800 1900 2000
Year AD

Rekonstrukcja indeksu NAO! na podstawie Wartosci' izotepowych korali z
Bermudow. (jakkolwiek ryzykownal) pokazuje zwiekszong amplitude zmian
NAO od poznegoe XIX wieku. Nawet jesliauterzy mierzyli bardziej AMOIniz
NAQ, jest to) ciekawy wynik.

Lirnm 2008 using daia of Goodkin 2 al 2008 (Naiure Geosciznee,



Zmiany w produkcji wod gtebinowych

Zniennosc NAO wor YWel [l
MIEISCENIFZEPEWRENIOS

produkewanych wod' gtebinowych.

Przy ujemnych wartosciach NAO
(lata 60-te) zmalata produkcja
wod gtebinowych na Morzu
Labradorskim a zwiekszyta sie na
Morzach Nordyckich.

Przyrdedatnim NAO.(lata 90-te)
ZaSZ10, ZJaWISKe OCWIeIRHE:

Zmiana ta ttumaczy zmniejszenie
Sie przeptywu wod gtebinowyehi z
\Viorz Nordyckich dowiaseciwego
Atlantyku ed Iati60-tych

a Late 1960s Greenland Sea: inten
mnve a

Labrador S

convection ti tg qy

capped; freshwater s

b Early 1990s Greenland Sea: minimal
: convection to <1 mu m;
u:}lla ﬂf Greefdand

i\ 1
Labrador Sea
at record mtens ' M’

to >2,300 m; penetra 25
the NADW sublayer.
Sargaa&c minimal

production of 18°
Water.

Dicleson et al. 1997 (MNature)



Wptyw NAO na przyrode Europy: przyktad pierwszy

d
0.02

0.01

-0.01

-0.02-

log [Body weight (adjusted for other factors)]
log [Body weight (adjusted for other factors)]
o

Standardized NAD index

Standardized MAQ index

Wphyw: warntescell NAO, na wage samic (gera) Ii sameow. (doet)
skandynawskichieleni(lewe)irewiec(prawe): Mysterud et al, 2001 (Nature)



Wptyw NAO na przyrode Europy: przyktad drugi

Amphibians Birds
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Wptyw! wartesci NAO! na date skiadanial jaj przez piazy.

plakiteylyjskie’— Uwagal skala dnleawrecoena:
Forehhammer




Podsumowanie 2/3

* Ternoerziurz | oozidy Zirrzg) W EUroole

zcleterrriinowarie sg| JIOWHH welrtosciz) irideisu
NAO. Dzl cang] ooncull potriocrig] tlrnzczy orl
oorizlel 30% zrnierinosc iz,

Wiczasie Vate] EpokirLodowe| indeksientoy

srednio ujemny. Czy w skutek mate| objetosci
produkowanych wod gtebinowych (THC)?

Lata 60-te to okres ujemnych warntescirNAG)
90-te dodatnich. W' pierwszym tych okresow
wody gtebinowe produkowane byty gtownie na

Morzu Labradorskim a w drugim na Morzach  Jeleri szlachetny — jego jakosé
Nordyckich zycia zalezy od. indeksu NAO?

UjemnelNAO@rspowoedowate tzw. \Wielka Aneomalie’ Zasoelenia. Jednak
zasolenie potnocnegorAtlantyktimaleje od lat 60-ych prawie stale
(prawdopodobnie rownolegle z napetianiem Arkiyki stonymi
wodami Atlantyckimi).

Indeks NAO) zalezy od temperatury: wod Atlantykul z poprzedniego
[EKU GO daje szanse tworzenia W|elom|eS|chnych proegloz pogody
EUNCPY: — — aul

I Py S ——




N.H. Winter (Dec-Jan-Feb)

ﬁ“ warmest of 130 vears 0.68

2010

-5.9-5 -3-1.7-1-6-2 2 6 1173 564



January-October Mean Surface Temperature Anomaly (°C)
2010 (the warmest of 131 years)  0.65 2005 (2nd warmest of 131 years)

-3 -2 -1 -6-2 2 6 1

23 a3l
T Anomaly (°C)

Record High 5

—u— ]1908

= —— 2005

o meldl

1 2 3 4 5 6 7 8 9 1011 12
Month

W = n v a o o

Base Period: 1951-1980



Can we predict NAO values?

Observed NAQO reqgressed onto SST

‘Orrplﬁl"rions of surnrnar oc
ST witn l\Jr\O mrl ot th

Observed
Predicted

2006/7 assessment 4
with error range

BritishiplViet @fiice has,a
hindeasting 2/3! suceessiul
prediction of winter NA©
sign from North/ Atlantic SST
of the previous summer.

Rodwell, Rowell & Eolland 1999 (Naiire) & wivw. metoffice. 2ov. 1k



NAO leads THC by 10 years!

2400, T (YT O Y L0 D O 0 0 O 0 1N [ (A O T A T 0 o 0 FoE=AT ) §

2000. — X : -
n KK %3@(& * WE

— X -

: 2 ) | -

1930 1940 1950 1960 1870 1980 1990 2000

NAO index (shaded) seems to lead North Atlantic temperature (a simple
measure ofi THC volume) by 10 years (thick line is ai 11-year running mean).
TThe mechanism explaining| the phenemenon;is;suppoesed to be the NAO
gliection Labrader Sea deep convection (topiis Labrador SeaVWaters

thicknessinmeters). Laiif et al. 2000 (Journal of Climaie,




But then, NAO starts in the stratosphere

1998 - 1999 Northern Annular Mode

V00 IR
S

lt'seems NAO=like vertex: circulation stants i the stratosphere and descends
from the 50 km altitude within 60 days to the surface level.

Northern Annular Mode is another name of NAO. / AO
(compare hittp://ao.atnioes. colostate. edu/introduction. itml).

Haldwin & Dunkerion 2001 (Sciznce)



Ozone controls SAM (,,southern NAO™)?

Anomalies in Z during spring 2001

]

.1op November Ozone - 350

200
1 P 250
300
5004 November Z4; _

L A J E Dec.-lan. Z-_“J I
S |
Sept. 1 Oct. 1 Nov.1 _ Dec. | \/\/W/\/\ I

Dobson Units

SAT/wind
Standard deviations

Dec.-Jan. Zsy,
»AM index, inverted)

Iihe trendi @97 9=2000) eirdeecpeninglow. pressure and the Antarctic vortex is
consistent withrolhsernved inerease el Southenn Annual Mode (SAM — the
southern counterpart of AO). This deepens the thermal'isolation of the Antarctic.

Anomalies of geopotential height (an inverted measure of AO) start from
stratesphere which temperature is influenced by the presence ofi ozone. The
Isolation ofi the: polar vertex deepens the ozone hole. TThe covarniance of

Siratesphenc ozene and SANI seem an establisnediiaci Butideoesiiprove
causallye Thompson <& Solomon 2002 (Science)



Ozone and NAO

Average Total Ozone in Polar Regions
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w1970 — 1982 Average
(63° =90° Average)
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300 Polar stratesphericozZzeRE o)

Nerhemrand Southern 635°-90F
polar areas (tep) and inverted
NAO index (bottom) — with the
same time scale.
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. . | | | | Is the covariance accidental? If
Y 2l Vo S not, whiehicontrols which? The
A ' ; ; 7 effect can be “explained”
(REREEE AT R Y af qualitatively both ways. But
TR an i HLAE which is true? Or maybe: both?

""""" """"" """" """"" """"" World Meicorological Orsanizaiion,
“Seientific Assessment of Ozone Depleiion: 2006



Ozone and SAM

a) South Pole
17— 7 == T P —6 1=
/ i i
_I:,' i __5_
. o

I
R
L

lag (+ Ozone lead, — SAM lead)
lag (+ Ozone lead, — SAM lead)
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Observations show: that at least in short time time scale 6zone anomalies
over Antarctide precede the Southern Annual Mode by up to 4 months, (in
SH Spring). This doesinet prove causation but...

Fogi 2t al, 2009 (GKRL)



The WTF result: Antarctic ozone and NAQO 1?

Zonal U Wind Anomalies (m/s)

DJF
SOUTH SEASONAL iy BPYR

Rind et al 2009 made modelling “experiments™ ofi checking| the atmospheric
circulation effect ofi removing all ozone over the Antarctic in SH spring or on
both hemispheres (BPYR = Both Poles Yearn Round). It seems northern ezone
doesinet have much effect but removing the southern ene makes; ot SAV

and NA@KNYyesl) stronger. IHard te believeZYes, hui:

Rind 2t al, 2009 (GKL)



So what will be the weather of the next decades”?

e O)f cotirsaWitallplersatsinlel cliggesionefe CO2Z jiy ]]J_\r_r Sfe
Warmer everywhere but especially in the Arctlc (WithrpesItive
feedback caused by sea-ice loss) O a1

We should expect more precipitationin:INerii| ope (and' less in the
South), including more extreme precipitation (almoest everywhere)

The 60-70 AMO oscillation index seems to be decreasing implying
decreasing Atlantic overturning circulation. This should slow down a
ittle the:warmmingrareund. Noerth-Atlantic but not stop |t.

At thersame tmethe NAO@ indexs went internegative values implying
the possibility oi-several cold 'winters i North Europe.

S0 do we understand it all? Certainly: not as well as, we would like.
dihere are many: unknewns: (including hew: muchioli: ANVI@wvarabilityis
dctiially antnropedgenic): BUtit StantsHoNmake SomESEnse:




Why did we have such a cold winter?

(a) Arctic Oscillation Index

5.0 . !

* «— Jan 1993

3

Jan 1977 =+ Dec. 2009
5 1 ] ] 1 1 1 1 1 1 1 :FEb-l Eﬂlﬂd—} I-
'?951:! 1960 1970 1980 1990 2000 2010

The winter AO values of 2010 were the lowest since 1977. Blue dots are
monthly: means, and black curve is the 60-month (5-year) running mean.

FHansen 2010 (unpublished)



2009 had a record number of low NAO months

Number of Months within each Year when the AO index exceeded +/- 1.5 sigma

Number of Months
2 A N = 0 = N W s oo
= |

950 1960 1970 1980 1990 2000 2010

Even before the winter started, AO had three months of extremely low NAO
values: (June, July:and October). December was the fourth (andias, we know.

the next months continued the tiend). The values itselfi were the lowest in 60
years: It may e noted that 2009 had alse; twoe months eliiven/zhigh NAG

Valuesi(Viayiand SEptember): L' Elewrene of al 2010 (GRL)



Low AO values lead to this kind of winters

Jan 1977 [-3.77, -0.30] Feb 1978 [-3.01, -0.05] Jan 1979 [-2.23, -0.20]

Dec 2009 [-3.41, +0.57] Jan 2010 [-2.59, +0.75]

90=24 N temperature anemaly for moenths with extremely negative A@HRdex
Flapsen 2010 (unpuolished)




We had the winter with lowest NAO in history?

(b) 37— Smoothed NAOIsince 1824 -
E 2 i : -
-
£ 44 L
m £ o 5 :
50 E -1 i
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Y SR T e
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=50 =
e-14 v rmrw .Y 1
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It seems we had not only the lowest winter NAO values since meteorology
started but also the second longest blockings (see panel a) since 1949 (the

longest were in 1963).

Cartiapsenal 20N GHIb)
“Winier 2000 in Birope: A cold axireme in a warming elimaie” published on Ocioner 22




But it was only the 13th coldest one. Why?

Cornpelring tne

o o g 2 synoptic §]"£L1£1"£]or1 Of
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s WY 1 '\ effect of global

E warming making

S winters less cold
than similar ones in
the past and

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 decr‘easmg day—
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Cartiapsenal 20N GHIb)

“Winier 2000 in Birope: A cold axireme in a warming elimaie” published on Ocioner 22



Solar activity in 2009/10 lowest since 1913

Days (Epoch Jan 0, 1980)
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TThe PMOD composite Total Solar Irradiation as daily values plotted in
different colors, for the different originating| experiments. IThe difference

petween the minimaivalues; is;alsoiindicated, togetherwithramplitudes; ol the
UrEEICYCIES

WL Wiy, podire. eh/pmaod, php? topic=isi/composiie/Solar Congici



Blocking is more effective with low solar activity

a) DJFM ATL HS b) DJFM ATL ITS

l’ri'

o

I iz L T
33 38 43 48 53 58 63 68 V3 T8 83 33 38 43 48 53 58 63 68 73 78 83

Solar modulationroffthe blocking impacts in thertemperature distribution. Percentage
of Atlantic blocking days with daily mean 2-m temperature anomalies in the
lower tercile of its winter distribution under: (a) HS and (b) LS. Solid lines and
shaded areas denote those values exceeding the expected value (33.3%)
With 5% contour interval. The thick soelid line denotes; the 955 confidence

thresheldilsased tpen abinemial test: ihe guantierselapstratiicatopysiised
Barriopedro 2f al, 2008 (JGLK)



Cycle 24 Sunspot Number Prediction (Octobher 2010)
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Is the effect of Solar activity similar but
distinct from NAO?

a) MSLP (CTRS 1HPA) SOLAR: LOW - HIGH

Comparisen GimeanmVInLe:
surface pressureNcontours) and
Zmrtemperature (colors)between
low- and high- solar activity years
(upper panel) and low and high
NAO (lower panel).

I he patterns are similar but the
efiects of low solar activity extend
more toithe East towards Central
Europe. The two patterns seen
statistically different.

2m Temperatura (K)
-4 -35 -3 -25 -2 -15 -1 -05 0 05 1 15 2 25 3 35 4 Woolings of Cll 20]0 (GRL)




ENSO also influences North Hemisphere winter?

WENSO HIGH-TOP T 1000 hPa [K] m=FebMar WENSO LOW-TOP T 1000 hPa [K] m=FebMar wENSO ERA40 T 1000 hPa [K] m=FebMar

IIIIII

L e

FMIENSOranomaly in (tep) 1000-hPa temperature (K), and (bottom) precipitation; (mm
day")ifor: (left) high-top mode!, (middle) low-top medel, and (rght) ERA-40 data for SLP

and 1000=hPartemperature; precipitation dataiien Glsenaticns:
Casnazzo & Manzipi 2009 (). Climcaie)



Yes but only in years with Sudden Stratospheric Warmings

Sea-lzvel pressure anomaly (hPa) Sea-level pressure anomaly (hPa)

Viodelled surface climate response te ElNinorasseciated with a weak and strong polar
vortex. Composite sea-level pressure anomaly (hPa) for ElfNinoe years with sudden
stratospheric warmings (a) and El Nino years with no sudden stratosphericiwarmings

(b). Anemalies are for January—March. Grey and white contours indicate significance at
the 95% and 999, confidence levels.

Ineson & Seaife 2010 (Naiure Geoyeience)




Arctic sea-ice loss

8 —e—March
—a— September

Percent difference

Tiime series of the percent diffierence niice extentiin March (the month of ice extent
maximum) and September (the month of ice extent minimum)) relative to the mean
values for the period 1979-2000. Based on a least squares linear regression for the
period 1979-2009; the rate ofi decrease for the March and September ice extentsis
—2.7% and —11.6% per decade, respectively.

Riepier-enge, )., apd ). 8. Overland, Bds,, 2010: Arciic Repori Card 2010
Lito:/fwiwi.areiic. nodd, sov/renoricarcl



Less summer Arctic sea-ice means
colder Eurasian winter?

temperaturestierDECEMmbERand
February (1916/9=2005/6)
regressed enIseasicerconcentration
I previous September (with

SCICE reversed signs!).

ight— Heuvy L

Less Summer sea-ice means
warmer wintertime Arctic and colder
Eurasia in a zonalarea similar to
thie 2009/10 winter anomaly.
(especially: in February).

CICE :
tht Heuvy =

Flopda, lnoue & Yamane 2009 (GRL)



Less summer Arctic sea-ice means
colder Eurasian winter?

LinearegressIoNSIEIWEEN actual
September sea-ice extent and'the
surface air temperature in K/10°km
during the following winter (Nov —
Jan)

Here the sign of'the correlation Is
nel changed!

FHrapels ef al. 2009 (GKL)



Possibly it is also the Barents-Kara sector sea-ice loss

a) Jan 2006 SAT anom, b) Dec 1984 SAT anom. c) Feb 1976 SAT anom.

pip—
H =

=

d) Barents Sea ice e) W.Kara Sea ice

0.6 19

0.51

0.4

0.3

0.2 -

1960 1970 1980 1990 2000 20101960 1970 1980 1990 2000 2010

Petoukhov andl SemenevV: (2010) explain extremely cold Eurasian winters by the less of

sea-ice in Banents and Karai Seas. Interestingly. they submitied theirpaper before the
Go)d ZOH OWintenr! Petoulchoy Semenoy 2010 (GHL)




Arctic October-December near-surface air
temperature anomaly

1000mb oir (C) Composite Anomoly 1968=1898 climo 1000mb oir (C) Compasite Anomaly 1968—1998 climo

A/ESH Prysical Sciences Divisian

Oct to I:urr.-:1 ggctﬁ to 2005 Oct to Dec: ? to 2008

Near surface air temperature anomaly multiyear composites ("C) for (left panel)
October—December 2002—2005 and (right panel) October—December 2007—2008,

Riehigp-enze, )., and L & Overland, Hdy., 2010: Areiic Repori Card 2010,
Hit0 /i, aretic, podd, sovlrenoricdyd



More Eurasian snow means lower NAO/AQ?

rorcirg 2 clirnzaie rrods)

ANV RVitRSEIElIErdEfvES
il Winterime spewextent and

: calculating thercoieEsprnaeing
: albedoinvenediione can
{24 ekiainrAC wintertime values

E Similarterobservations.
~25§
E " "
26‘1‘ Does it mean the Eurasian
snew cover really drives the
_ A o winter AO/NAO values?
—0.41 E N(:EF{?FJCﬁi? AO |\4£3)/t)€3, put both can also

PO . IR T T NN N TN N NN O N

— =28 iespond to the same forcings.
1975 1980 1985 1990 1995 2000 2005

Year For example the Arctic sea
ice?

Allen & Zepder 20117 (), Climaie - submiiied)



The proposed mechanism of Eurasia autumn snow cover on

winter NAO index

Stratosphere

Polar vortex
wf:akens @
f‘ Wave-mean ﬂow interaction

&

Downward propagation of
u and ® anomalies

.

Negatlve Arctic Oscillation

{ Background *\
i westerlies

Upward propagatl-:m of
stationary Rossby waves

Troposphere
Siberia
*Orography
*Expanse
*Sirong diabatic cooling
Regicnal tropospheric response

O
@@@

ocT NOV DEC JAN FEB

Eurasian snow cover

sanIs, Invelving
a stratesphencsudden
warmingNS)and
deWwnRwWand proepagation| o
zonal wind and'poetential
temperature anomalies (5)
seems well documented.

However it does not
exclude the possibility of a
(0) phase: summer Arctic
sea-ice anomaly results in
an Autumn SST anomaly,
iInfluencing| Sikberian
snowiall.

Cohepn e al, 2010 (GHL) supplemeni afiezr Cohen 2f al, 2007



Pressure (hPa)

Pressure (hPa)

The stratospheric link has been observed

10 |
20 -
50
100 5

200

500 A
1000 _E

11.15

Date

(b) Zonal mean zonal wind anomaly at 60°N

&

¥
¥

3 A

'f.-
i o
| =
L

Date

123

The changesiniemperatine
and zenaiMwindsranemalies
during the 2010 winterdid
start from the stratosphere.

One can observe two events
starting in mid-November

and early.[December

Weang & Chep 2010 (GRL)



Eurasian snow as a good winter predictor

) Forecasl Tmpmlm Fmﬂl‘hll!" Jan-Feb-Mar 2010 d) Obsarved Temperalune Anomaly Jan-Feb-Mar 2010

| et 2l 2070 oredicied
C) 'the 2010 wiriter
(2(r)C erEl[Llr‘—‘~\ Cc]) L flicl )rld
treeparameters: Eurasian
SNOW, ExtEnty SUIFECE
pressure andian ENSO
ndex:

pR——————eeeee  Because the model is linear
i N it is possible to discern the
effect of the predictors.
While an ENSO only e)
prediction was clearly wrong,

an Eurasian snow extent one

&) Forecasted Temperature Anumeﬂr Jan-Feb-Mar 2010 ENSO

i) wWasi surprisingly good.

But Is snow the reall climate
foreing here?

Cohen e al. 2010 (GHL)



NAQ: Observed & ENSM forecasts
E00mb Z {Obs: 08Aug2010 — 05Dec2010) NAD index

mf}{lﬂ—.—g 588@... ......... :..........: .......... : ......... : ..........: ......... :.

1BAUG 15EP 1BSEP 1acT 180CT MDY 1BHOY 1DEEG 160EG
o010

MAD ir‘n:lex

EICIDmI:u z (?-::I-::ly Farecust)

1BALG 1SEP 16SEP 1007 1B0CT 1HOY i ﬁr»'mw ! D'Ec 160EC
2010

MAD indew

500mb Z {10day Forecust]
mecm——D 4441 ' .

%uﬂc 15EP 165EP 10CT 160CT 1HOY 1GHOY 1DEC 160EC

MAD indeyx

,.200mb 7 {14day F@recustj
] meun——ﬂ 3&23 ;

12%%]06 15EP 1BSEP 10CT 160CT THOY 16HOY 1DEC 160EC

NEO Wi, coe. node, sovlorodiicts/orecio/C iV link/pnalnao.sprd2. sif

And what about
this winter?

The observed NAO©values for
August 2010 to present day and
forecasts for the next weeks.




Forecast Temperature Anomaly Dec-Jan-Feb 2011

-25 -15 -10 -08 -0.6 -04 -0.2 -0.1 0.1 0.2 04 06 08 1.0 15 25

Cohen 2010 (privaie communicdiion)



Zatem jaka bedzie zima 2010/117

* Z53712] ZiffY SOrZYsisgio sig orzs ey el WZYsiKo: sl

R EKYWROSE SToneal NIRG; Mo OC URVIATKLCENNTE
AMO i
i

Lod w Arktyce, AMO (i'ozon) nie zmienia|essienz ORI
obecnie mamy La Nine I wieksza akiyWnosc stonca

Jednak NAO lubi miec podobne wartosci w sasiednich latach
Zatem|czego sie spodziewac?

Aok ale:

Moja' prognoza: bedzie Zimnie| niz przecietnie ale cieplej niz
zeszie] zimy. Szczegolnie druga potewa zimy: powinna byc
ciepta gdy dojdzie do naszych| szerokosci efekt rozpoeczynajace)
sie ebecnie LLa INini.




wage

Za tydzien (13.12.2010 r.):
- Tropiki a zmlennosc kllmatu (ENSO, huragany, monsuny)

- =



The Gulf Stream influences the whole troposphere

Wind convergence,

s N satellite (10-° s1) a Observed ram rate satelllte
e 50° Np—— _
45° N s v
40° N
40° N-
35% M .
30° M
30° N-
N W ?uw ﬁﬂc"ﬁ -fanﬂ'w 4[1-*;&_ '
25D N_' B Y ——
—— | | | 3 & . 3 :
B od 2 B A g 80° W ?[}W 60°W 50°W 40°W
—  —
a Upward wind (10_2 Pa 3_1) 1 185 2 25 3 35 4 45 5 55 8
200 50° mm d-7
200 1
45°
o 400
< 500 40° :
& e ebserved average yearly surface wind

¥ convergence and rain rates along the Gulf
Stream as well as the verticallwind cross-
_\L“‘” section (Upward is pesitive) with the boundary.

800 - iz
1,000 - [gyer marked as a black line.
32° N 34” N 36” N 38° N 4[]” M 42“ M
-l | [ [

215 1 0505 1 15 2 25 3 Minove ei al. 2008 (Naire)



Modeled AMO: surface temperature and THC

Depth (km)
o B W M o=

Depth (km)
o I W Ry =k

Depth (km)
th & W o =

Depth (km)
N B L M =

@

30N

N I
-0.3-0.2-0.1 0 0.1 0.2 0.3 ~0.6=0.4=0.2 0 0.2 0.4 0

Temperature Anomaly (°C) Streamfunction Anomaly (Sv)

Simulated temperature and THC anomalies at 0°, 60°, 120*and 180°

ofithe moedeled cycle:

Kpighi er al, 2009 (Geophysical Kesearch Leiiers)



We have even more than one possible mechanism

@wca}m:d meridional B @ strengthened menidional
> pressure-temperature transition pressure-temperature
) gradient (negative NAC) Ba— gradient (positive N.AQ)
teleconnection
+© delay §(A,B) v® v (AB)
(C Anomalous Weakened Weak
Meg PDO —L northerly winds wind stress curl northerly winds
GIN Seas GIN Seas GIN Seas
4 1 v A
Weakening of Greenland sea gyre

Ime?sed pelar wabe and its shielding frontal zones,

Arche andfor Fram 3

Strait seaice expart surface layer divergence,

doming of isopycnals
(A,D) |
¥ (AB,D)
msm [Reduceﬂ wintertime
anomalies able to p
Enter GS gyre g
GIN Seas
convection weakens <
(E) I
Mass-balancing mcreased
cold upwelling in tropical @ Weakensd THC
Indian and Pacific Oceans (E)
< (1) intensified THC

Dima and Lohmann proposed a more complicated mechanism involving
NAO changes influencing freshwater inflows from the Arctic. The above
graphiis suppoesed to explain at'least part of it.

Grossmann Klomaen Q000 G R) Zs)laipine e mee s progosed oy B
Lohmann 2007 (o railier pari of ii)



Back to square one? Published on Mzay 29, 2008

j . j i i VY Y [y 'II r" "| ~
a Ad]lustments ap||:rlled to HadSISTE dataat—l —}Adjustrlnents not yetl applied | ] F soors et ine
YN ~anti
HadSST2 rnic-20° CeniLry
. - a Xas P
| A 53T discontinuity

! (mor \/lJL)]*—‘ in lainil

% ‘ ICDADS
£ e Bl months from
s aCERIl AUGUSINISASWES
_ P I caltifact caused
| gﬁgg; H" g ' “"‘"H....m | R Dy the B_rltlsh gloj
1880 1200 192D 1940 1950 2000 measurlng SST
. e | during the war. The
T NN s ot British open bucket
_ Y AT method was biased
' ,ﬂ“mwww% down while the US
:Jﬁm: engine room intake
. . . method biased up.
1840 1945 1950 1955 1960

Year

lif continuation ofi the HadSSTi2 reanalysis ofi eriginal (but ENSO

‘cleaned ) ICOADS dataset erases,ouithe 19401945 sulge would
inlare g2 il 2y 204 eapgitley ANIC) te) 2ol ? Thompson ei al. 2008 (Neaiire)



Probably AMO is still with us
The “British bucket” dip ?

AMO Departure

Filling out the 0.3° C “British bucket” dip would seem to: make the
AMO: signal even stronger. Moving the left (“pre-dip”) part ofi the
graph down by 0.3 C woeuld make an even bigger minimum, tn the
197 0s, (altercorrecting the  detrending):, Seiit.seemsitherels:still.an

Al ONCrECCOURINGRE WleCabe Palecli e Court 2004 (PINAS)




.. then suddenly black carbon enters the scene.

3 1.6 TOA 0.9 —2.3

Atmosphere

Surface

All GHGs co, BC (direct) Non-BC
(direct+indirect)

radiative forcing
(WY r117) of:
) = greenhouse

gasesy)ICOL only,

G)iblackicanioen
(Seot); d) ether
aeresols.

This additional
warming of the planet
(see TOA values) with
direct surface cooling
and troposphere
warnrming complicates
the aernesol -> climate
INfluence even more.

Ramandainan < Carmichazl 2008 (Naire Geoscizrce)



N.H. Winter (Dec-Jan-Feb)

ﬁ“ warmest of 130 vears 0.68

2010

-5.9-5 -3-1.7-1-6-2 2 6 1173 564



January-October Mean Surface Temperature Anomaly (°C)
2010 (the warmest of 131 years)  0.65 2005 (2nd warmest of 131 years)

-3 -2 -1 -6-2 2 6 1

23 a3l
T Anomaly (°C)

Record High 5

—u— ]1908

= —— 2005

o meldl

1 2 3 4 5 6 7 8 9 1011 12
Month

W = n v a o o

Base Period: 1951-1980



Low AO values lead to this kind of winters

Jan 1977 [-3.77, -0.30] Feb 1978 [-3.01, -0.05] Jan 1979 [-2.23, -0.20]

Dec 2009 [-3.41, +0.57] Jan 2010 [-2.59, +0.75]

90=24 N temperature anemaly for moenths with extremely negative A@HRdex
Flapsen 2010 (unpuolished)




North Atlantic Oscillation (NAO)

(NAO Index, SLP) Dec-Mar (mb)

150W 150E

NAO index, identified by Walker (1924), was historically definedas the
surface air pressure difference between Lisbon, Portugal and Reykjavik,
lceland (the graph shows a positivel NAO! pressure pattern). NAO explains
S YovarabilityAin winter tempernatures: nonthofi Z0ANE

Crreaibatieh 2000
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Arctic Oscillation (AO) and storm tracks

Positive Phase Negative Phase

Another index, highly correlated Wit NAOisTArctic Oscillation — difference of
air pressure between 37°-45° N zone and the polar vortex (and therefore a
measure of its; intensity). With positive AO, polar vortex is stronger ansithe

storm tracks are cleser to the pole.
\Viestiresearchers;treat NAO, asithe local Atlantic;chapier oit AG.

Ganopolski i Rahmsiorf, 2002




The number of scientific articles on NAO

120
M Articles

100

80

60

40

20

0
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Year

Wanner 2t al, 200) 1



August Global Surface Mean Temp Anomalies
NCDC/NESDIS/NOAA (Smith et al. [2008])
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g Global average temperature 1850-2009
" Met Office 2000s warmest decade
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Temperature Anomalies Jan-Aug 2010

(with respect to a 1971-2000 base period)
National Climatic Data Center/NESDIS/NOAA

-5C -4C -3C -2C -1C 0C 1C 2C 3C 4C 5C

Degrees Celsius




LE e
‘.l..-.. s il W E
.....I_ e
..JI_..q.-..-.-.
.I_I_I.f L AL
T R

1--.-_11I.-|.

1 gL = s
¢ ) \u,“-:-_...
h_ Eow H.-...-.J. [
‘.. ’..l. [l - - ] | I N
I._l. Hoar s !.......u.-_.-.,....r.-..._.-
..Il.‘-l.n.......,r .__-_.....-__.,.._...___ dmoals
o o= @il ¥

T
J.I.-..Il lllll
_____...__-_.-.__......_-_-.
-_____l._.-_-.h
lt.m_.lli.
l__.#i.__..-
.

@ EEF s = =
L T T R T

17___” J"
It

-.M,,.-..___.-__. =

o S

L A..n..f....-

(with respect to a 1971-2000 base period)
National Climatic Data Center/NESDIS/NOAA

Temperature Anomalies Jun-Aug 2010

-
'TLE @ ow o s
* Ty -
.._....“_r“_n. -._..-..-.l..‘_-. =
' .n..._.-.__.q..-_.._

..du.I.I i.ﬂ...

L]
EEEFEERP
L]

5E O RN F
-
.'I.- " wowow W ]
& F & F B 5 AN

i_i ti-_ FE R s o
.“.E.II __..-.u.u_ﬂ..l.._.i.
li_i:-_ d L L TN Y
___ (AN £ ] .-_.l.ll_-_._ _-_I_.-_I._-_
¥ ..._."...li,.““ﬂ_--imw .__.-l.-....
. AT T )
1!#1‘_ E YRR T NS
TR YR T RO
___-.-_.T..n..u...__-.l.l.-_.r J @
._..l.l.l.__-ll..l..i._lli.-..l...._.
.-ll.-I.l__..__.-"l._._._.__-_._.
i =
L

=& F B

L] -;ﬁ-t' -I L

_.:_ T

L]
. E Y R

#, BB Ed SRR

— I_..l.i.l+.-.+--.-..l.ll.i.l.-

“.n_-

&% -

'R R
ﬂ,hH Saseeeti
.‘_. ._...Mﬂ.._.-:-_.._..._._.

, YT
?-_.l_._H_l:.+q.
] &

&
I ]
-

I'-'

oo R
&
' =
1
) Ly s =
Eﬁ’. :

¥
PR

.
.'-.

ilt_q-_,
e sl
Seseeale
Wheeme eeewes.
-.:...-.-..-.-.1I.l.i..-.l. 5

I.'...u
-+ A
s W

..Jr.._____....__ T
A PR # W | O | L
.m‘._-.hhm.li ® 8 4 = B
...-. o Y 3 & B =
L] L]

W
@B B B &
L}

# EEE R R E B R = o=

I‘...I

RN EFRE F
L R
Elllllllllitll
]

."‘.-.""\.".1. O O T

- E
- '
0

- "W m
"

W E R W R FEF R E R S

LI
-

£

LU N AN
s w W

iC

Degrees Celsius

-1C

-2C

-ac




Temperature Anomalies August 2010

(with respect to a 1971-2000 base period)

Mational Climatic Data Center/NESDIS/NOAA
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A global summer 2010 heat wave ?

Temperature Anomaly ( C)
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Possibly to add in future:

*Evan et al 2009
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