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Maszyna klimatyczna Ziemia (zmiennosc w' skall geologlc ry) —
Epoka lodowa w ktore| zyjemy (zmiennosc w. skall m/cmej)"ﬂ"m
Gwattowne zmiany klimatu (deglacjacja, zmlennesestneriialnar)
Holocen: klimat, ocean a cywilizacja, (Stafa stoneczna i wilkanizm)
Potnocny Atlantyk — kuznia klimatu (eyrkulacja termohalinowa)
Zmiennesc klimatu w skali dekadalnej (AMO, NAO, PDO)
Tropikirarzmiennesc klimatu (ENSO)huragany, monsuny,)
Aeroezoelswielkamiewiadenarklimatyczna

Gazy o znaczeniur klimatycznymi(cyxi'wegla;, COL, metan, DMS)

Globalne ocieplenie a ecean (zmiennosc antropogeniczna)
Zmiany klimatyczne wi rejonach poelarnych




What causes the multidecadal variability of
global temperature?
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On top of the global warming trend, the instrumentallitemperature 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|fercing (natural and anthropegenic) and how: much by

naturalivamnabilityZ Andiwhat thisivarability actuallyise?
The Copenhagen Diagnosis 2009



How can we explain any multiannual
climate oscillations?
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< Heat absorbed by the AtMOSPHENE 5%.
Heat absorbed by the continents (Beltraml ef al., 2002) world ocean miSSing 7% iS the Iatent

Heat required to melt continental glaciers at estimated maximum melting rate .heat Of ICG-SheetS and EEE
(Houghton et al., 2001) icg, Trig acivell nezii gogiigqi

Heat absorbed by the atmosphere during 1955-96 (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 |Ong relaxation

Heat recired to melt mountain claciors at estimated max N time for heat fluxes
ma maximum me

(Houghton etal.2001) Do aes " (hundreds of years) and has

not yet adjusted to the

Heat required to melt northern hemisphere sea-ice (Parkinson et al., 1989)

present greenhouse forcing.

Heat required to melit Arctic perennial sea-ice volume (Rothrock et al., 1999)

Levitus, Antono, Boyer 2005
(Geophysical Res. Letters)

There are many known or suspected multiannual climate oscillations; (examples
will be shown soon) 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
muluennualiclimate” memony: (and continentalimeistune canbanely explain
pianpuaivanasilityg;




What are the possible mechanisms of
iInterannual climate oscillations?
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Frequency response of an
[deal harmonic oscillator.
Real climate system are
neither harmonic
(nonlinearities) nor ideal
(they. have damping) but the
main conclusions, are still
true.

ern.wikipedia,org




What need we to do?

o' understand any.
interannual climate
osclillation we need to
identify either the person
pushing the swing (external
periodical forcing) or the
way. semeone on the swing
«can keep itin motion

- (internal physics, c

*




Atlantic Multidecadal Oscillation
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Atlantic Multidecadal osc;|llat|on IS a periodical (60-70 years) warming

and cooling ol NerthiAtlantic. The temperature anomaly. of Nosth
Atlantic/(tep)iis tused as the AMOiindex:

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: ofi a shoerter period by sun only. WWe alsorknow

of ne ether external decadall periodical fercings:



Observed AMO pattern

1980-2004
| | | | | | | 12
el S e %
i Y Q [y . |
40°N :"'E

X
L
()]
=
I_
5
40°S
LB
1% g = 1857E 110°W 10°W
LONGITUDE
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Meridional transport of heat: the Atlantic exception
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Oceanrheat transport (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
seuthward), it Is, the only: significant. mechanismi coupling the climate: of:

INGIEM and Seuthen IHemispheres:
Trenverih < Caron, 2001 (Journal of Climcaie)



AMOC exchanges heat between ocean and the
atmosphere on decadal scales

0.2 !
{a) . ) . . . . .

015 TNA Subsurface Temperature <

01l ... .. ...(z=400m) Anomaly . ./ |

0.05 =" [N f

~ | TNA SST Anomaly

o Vo oas
1960 1970 _ 1980 1990 2000
) Year

The temperature of subsurface tropical North Atlantic and' surface waters
are anticorrelated on| decadall scales showing that AMOC exchanges heat

not only between the hemispheres, but alser between, the ocean and the
atmoesphene with anfAVIO=like timescale

Zhang 2007 (GHL)



Cloud feedback helps keep the phase of AMO over the whole
North Atlantic basin

Cloud Impact on Meridional Coherence of SST Variability

Net Surface Flux (W) d With Cloud Feedback
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The bipolar see-saw was active also in the 20" century
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Arctic Temperature Anomaly
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TThe bipelansee=sawaiirst
discovered in the glacialiera
paleodataiwasialseracVeNnrie
201" century:

Tthe Arctic and Antarctic
temperature anomalies (from NASA
GISS dataset) seem to have
Inverse phases strengly suggesting
a MOEC related interhemispherical
neat transport. The linear trend is
similar for both hemispheres and
therefore related to global forcings
(greenhouse gases and solar
Variability):

Chylel ei al. 2010 (GRL)



Observed and reconstructed values of AMO
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Using tree-ring width it was poessible to reconstruct AMO: of past four
centuries (caveat: or at least something that well correlates with AMO

during the time we couldiebsernve it directly)

Cray er al. 2004 (CGeoolvsical Research Leiteps



Modeled AMO: wavelet analysis
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Wavelet analysis of modeled 1400 years of AMO (HadCIV3 model)
showinga 70120 year period off AMO.

Kpighi 2i al, 2009 (Geophysical Researeh Leiiers,



Observed and modeled AMO climate effects
B

Qoseryed (o) 2nd
rriocelzd using zs
2l forcine) ggseryec
SSiF(middie)and
ideall AMO SST
values (bottom)
decadal variability
of air pressure
(left), precipitation
(center) and
surface

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

Surtion, Elodson 2009 (Science



Observed and modeled AMO influences
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r\]\/]O correlaias very well

WS UimmersSanelranc
India rainfall (even better
with its low-pass filtered
first principal component)
and with Atlantic hurricane
numbers both for
observations (left) and
with model (right), for a
generalicireulation model
(GEDRL CVIZiANNoncedwith
observed Atlantic heat
fluxes .

IS It easy te explainithe
elatienships?
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Intertropical Convergence Zone

July n'cl“‘

January ITCZ ~

Polar front

Inithe yearly cycle, ITCZ
moves always to the
nemisphere which receives
more heat from the sun

see lower panel).

Lmp ei al, 2004



Variability of A5|a monsoon and Caribbean precipitation
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Is AMO another name for global warming?
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SST changes of North Atlantic [0° to 60° N] (left) andiglekaifeceans |60 S to 60° N| (Hght) shiew:.
similar temporal variability. Is one of'themidue 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,'I
| | | | | | However It nicely explains the

I
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hurricane correlation It Vecel &

SSF changes: oft North: Atlantic: with! the: globall trend  SEAERI2Z007 areiight:
SUbiracted s cant be! treated as: animpreved AlV©

INEEXS Trepberih Shea 2000 (Ceoolvsical Researel LLeiiers




Is AMO another name for global warming?
The spatial pattern.

Correlation ol the revised AMOrndex: with global surface air
temperatures for 1900 to 2004 based on annual values. Only
values, in the North Atlantic can be considered significant.

IS therne a geod reasoni o AVIO e be iRl phasewithiglekal
lEmperatire Trenberih Shea 2000 (Ceophysical Research Leticrs




There is only one problem...

061 Climate Change Jr 581115 W/ do not need THC
051 Attribution e

(AN e
Q)
(G
@
1
Q)
=
QN

rir) ternoeraiure,

1930S Wasi CalSEGNY
Increasinglsplaracuvitysand
greeniipusergasesand a
preak in volcanism.

Temperature Change (°C)
odeled Forcing

Response (°C)

The cooling of 1950s and
1960s was due to more
aerosol emission (imdustrial
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Meehl ef al, 2003, 2004 (Journal of Climaie)



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 allegedly. explain the ebserved variability. This loeks:teo

good to be true. Unless...

Zhane Dalworih Eleld 2007



A reminder: THC volume depends on the inflow of fresh
water to North Atlantic
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' . | (fop) and 35T (ooftorn) of
B : [ ) 1 3 4
oresent day Nortn Atlaintic

—_ _J'I
] A
201 g lzft) and glaciai

NADW (Sv)
o

Atilzigriie (i) 1S clitgleiien)
ofiigesn Welter inflaviltydiriie
Sitlezlreiic (red) =iniel Palzis
(black) Atlzinitic

Climate models show that fresh water influences NADW. production 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, narrewer; (due

smaller NARVW preducing basins) Which  causedithe climate tosertnstailes
Ganooolski <& Rahmsiorf 2001 (Necivpe



We have a mechanism for AMO

Urniforced rnodeling witr)
rladCMS general circulatior)
rodel snows 2 321l]n]"r/ oulse
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northwardswithiraNpeed oj:
about 100/ yearss
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decreased THC

Vellipiea i 200
(Journal of Climcaiz)




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.

Grossmanp < ilgizgdaen Q00D CCGR) 2sdlaipine ile meehanisi 0roposed oy Diid ¢
Lohmann 2007 (or railigr gdrr of ir)



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

Because the anthropogenic forcings (especially aerosol related but also,
tora lessen degree greenhouse gases)are stronger in the Northern
IHEmISpRELeE; they create  ainter-hemisphere temperatiure gradients. This
moves [TCZ, influencing THCHn 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.

oW could we p033|bly test the hypotheS|s’? Only by Using coupled

genernal circulationimodelsy



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

“Remember, no cycles!”
,Arkhans?e\'!.'-_.::s. G" ol . " Jlm QV 1al 1l

A new reconstiticlieRieiNNGril
Atlantic suiaceraiiiemperatines
fiemmeleerological records going
pack to 1802 dees not show a 60-
||| 70ryear cycle before the
|||||||i.||||IﬁI| i T i |“||"| beginning of the 20" century.
1 l" ||| il fl i || E|II _
1|I||||] i Il'"'"| A\ |'!|| "n|!|l| &  This leaves open;the possibility
1"H|||| i3 "ll S hat even as the cycle is a natural
osclllation,, It was put ini motion
only by anthrepogenic forcing
.......................................... (most probably North Hemisphere

1800 1825 1850 1875 1900 1925 1950 1975 2000 aerosol Ioad).
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Woad, Overland, Jonsson <& Smoliak 2010 (GHL — 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
shiftithas, recently.happened. IHowever adding one
eceanographertorthe team (and AMO) changed the
story. Now the record (lheavy’selid) can be explained
by AMO related variability andl a greenhouse gases
driven trend (dashed line — temperature withi the
variability is; subtracted, thin selid — quadratic fit.

Swanson < Tsonis 2009 (GRL): Swanson, Sugihiara < Tsonis 2009



Attribution of global temperature anomalies
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Piskozut & Cuiowska 2011 (EGU 2011)

2009

Attribution) of 20th
century glebal
temperature variability
to particulate natural
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forecings (including
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an additional forcing)
firom multiple
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Constraining the AMO effect on global temperature
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Piskozut & Cuiowska 2011 (EGU 2011)



Attribution of global temperature anomalies
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Anthropogenic and AMO related component of
decadal temperature trends
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Comparison of anthropogenic and AMO contributions, to temperature change
between subsequent decades. It isiobvious that AMO may increase or.
decrease decadal trends; by up te 1/3 ofi their valuesiand that the next.change

WillSeerratner down than up (asstuming the volyearpencdwillfcontinue)
Piskozut & Cuiowska 2011 (EGU 2011)



Is AMO definition wrong?

TEMPERATURE ANOMALY (C)

Differenced
Detrended
Forced CMIPS-Full

The authors propose to use instead of detrended AMO . (black), a version
whichyis; subtracted from the efiect ofi all known external forcings (blue), a
“differenced AMO” (gray). Ifi they were right, AMOwoeuld be much less
proneuneced andiwotld nethave a maximuniSIncE tier 24 0s;

Wlann, Sieipmeann < Miller 2014 (GHRLE)




= —— Was AMOC slowing down
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Linear temperature trend (°C per century) mOSt Of th e 2 Oth Ce ntu ry?
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claim to observe a weakening
of AMOC between 1930 and
1990 using climate proxies
(blue), GISTEMP (red) and a
coral' based proxy (green with
uncertainty band). They aso
compare it to 29 N AMOC
measurements (red dots).
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Or maybe there is no AMO at all?

Observations: SST(K), SLP(hPa), winds{ms1) B Fully coupled models: SST(K), SLP{hPa), winds{ms

e

30M ""

Clementietaifseenie
! same SSilF (shiaded),
. SLP (COﬂtOUFS) and
B GRRR A BT 0RO O M ik Yl St 1T S A M Yl gle (arrows)
C Observations: SST(K) . . D Slab-ocean models: SST(K), SLP(hPa), winds(ms-! anomalies regressed on
AMO in observations
(A), fully coupled (B)

andislab ocean (D)
models. However their
models dds not have
any cycle longer than
30 years.
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Clemeni ei al 2017 (Sciepce)



” a) Long-term correlation (11-year smoothing)

Yes there is. AMO is real.

- b) Short-term correlation (11-year smoothing)
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[IFAVI@NSIdiVidediinte; long
and sherEternNaraNiLy
ClEmERUERaIFSEENE
surface fluxes have the
same sign before and
after an AMO maximum
with ocean-forcing models
(as in observations) but
not withjecean-slab
models (bottom). The
short term variabiity is
similar: heat fluxes to the
ocean before and from
after a SST increase.

O 'Reilly e al 2016 (GRL)



First physical evidence for past AMO

Latitude (°N)
Accumulated sea-level index (mm months)

i
i - . - 104
1960 1970 1980 1990 2000 2010

Year

Longitude (°W)

McCarthy et al. 2015 used sea surface data from North Atlantic coastal
stations as a measure off AMOC (sea positive [red] and negative [blue]
contours of regressed AMOC). Tihe accumulated sea-level inndex (blue)

loeks very: similar te AMO (black) and even more te)accumulated
(Integrated) INAGK(red):

WMeCarilry ei al 2015 (Neaiure)



Jak zmiany AMO wida¢ w zawartosc ciepta w oceanie?

1.6 . . . . 0.6
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-0.8} . |
£ WYRTESIE
A - Global Ocean 2

0)0)i<=1Z=10]0)

0.6 IEImpeaiuny,
POWIErZEChnoWE
SS | (czarne) oraz
zmiany zawartosci
ciepta w stosunku
do sredniej z lat
1970-2012. Widac
edmienny.
przebieg zmian na
Atantyku z
maksimum
siegajgeym ponad
1500 m ok. 2005

1980 1990 2000 2010 1970 1980 1990 2000 .
o FOKU.

1 A A " " " a A " A A R
‘I%DD 1810 1920 1830 1840 1850 1860 1870 1980 1880 2000 2010

B - Atlantic

D - southern Ocean

Temperature Anomaly: °C

Temperature Anomaly: °C

Chen & Tups 2014 (Science)
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* Jee Inym JIOW(J\ crl glernzntow zrniennoscl iernoerair y S WigKu
jest eyl 0 oxresiz o, 70 lat, zwyig) _emy 7 regiorier Woros
Paormocriego Atlaintysu, zweany Atlaniycika Oscylacg
VUi ERSEOWANAIVI @)

VWzerzec przestrzenny AMO; a szczegolnie odwrotna* ;}15 ZINIENE
W okollcy Arktykl | Antarktydy swiadczy, ze zwigzany j St o) Z “
zmian ami intensywnosci cyrkulacjg termehaiinewe]

Jestesmy w stanie wyttumaczyc taki cykl zmianami opadow W
rejonie tropikalnego Atlantyku Pothecnego wymuszonymi roznica
temperatur obu potkuli I spowodowanymi tym zmianami zasolenia
Atlantyku.

JednakipodepREOZAICE temperatur miedzy: porkula pothocna |
potudniowad moglismy Wywetac zadymiajge te pierwszg w
pierwszej potowie XX wieku

Czy zatem ‘rozkoetysalismy naturalny mod zmiennoesci THC przy

pPOmMogcy aerozelu? | czy ta zmiennesc bedzie kontynuowana Il Czy
Oziiacza toIWolRIEjszy WZioSt tempEratuny/ przeZnastepnersONatza




Pacific Decadal Oscillation (PDO)

warm phase cool phase

1920 1940 1960 1980 2000

Odpowiednikiem AMO. na Pacyiikul jest PDO, o okresie cyklu ok. 20 |at,

zidentylikowany! przez Latifaii Barnetta (1994) i zdefiniowany: jako) piemwszy

E@F zmiennescii temperatuny: Pn. Pacyliku prizez Viantueinnych (H297):
ntto:/jisao. washinzion, edi/pdo/




PDO is phase-locked to Lunar tidal cycle

(A) D'Arnigo mluﬁu}ﬂal-eastem PDO
hl

——BP20 ——PDOS5

TIDE186

—_
o
.
—
A
™

Power Spectrum Density

{ -1

.5 : : : g s 8

10 e e 1700 1750 1800 1850 1900 1950 2000
0.01 0.020.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

Frequency (CPY) YEAR

PDO FEI=spectrum shows;a prominent 18.6 year maximum, which is
identical terthertunarinduced nedal tidal.eycle (left). Tihe right panel is time-
Sernes of 5=year runningimean RDONPBROS: thin black curve), bi-decadal
(BP20: 15.5—23.3year) component of the PDO (red)'and inverted-18.6-year

period moon cycle (TIDE186: blue) where the maximum, corresponds to the
minimum diurnal tide.
Ilhe tidal cycle seems to weak to create PDO but it may: be able to phase-

lockiaatunal escillation; ol INerth Paciiiciolireuaghly: 202yearperiod:
Yasidla 2009 (GHRL)




However PDO seems to have two
Independent components

90E

Two first EOFs of North Pacific SSHI variability: since 1870.

D'Orgeville &« Peltier 2007 (GIRKL)



However PDO seems to have two independent components

(a)

Nr— . T T — r
“r g W
aon| 1 . =

' v = 4k Ons of ine EOFs sgarm ralaiad
20NF
[0 Ezigiar) J011r1r1~1r/ So I

0 1BISO 19I00 19I20 19:‘-10 19I60 19I80 2[}.00 anl ‘t\ r e Ltunar tldal .
by cycle of 18.6 years (top),.
E(iﬂl\?:{:h T ‘C;rmr;: y y ,:-?(p) o
30NfEET 2 ﬂ e ‘ e

0 \k f\f\‘“ — ~ - The! ether(3etion)seems to
sosp 9 =D L r be mirroring AMO, with a3

s ——— o - APl — .
” | year time lag. The bottom

90E 180E aow

figure consists of (a) Spatial
correlation between the PDO
and the time-lag regression on

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

90E 180E 90w



North Atlantic Oscillation (NAO)

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

150W 150E

Indeks NAO, zidentyfikowany przez Walkera (1924), najczescie| definiowany
jakoe roznica cisnien miedzy Lizbong a Reykjavikiem (na rysunku sytuacja
dodatniege NAO). Indeks ten tumaczy 31 % zioznicowania zimowy.ch
Iemperaturna peinec od 208 N

Crreaibaieh 2000
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Wartosc Arctic Oscillation (AO) | zasieg nizow

Positive Phase Negative Phase

Innym’ indeksem wysoce skoerelowanym z NAO) jest Arctic Oscillation —
roznica cisnienia miedzy szerokosciami 37°-45° N a polarnymi, a zatem
miara intensywnosci nizu polarnego. Przy ujemnych wartosciach AO (czyli

zazwycza| I NAO) front: polarny: (“/et stream’) odsuwa sie od bieguna
Sprawiajae, ze) trasy: nizew, a zatem i strefy, opadow, przesuwaja. sie. na
Joiticlgiis: Ganopolski i Rahmsiorf, 2002




Zimowe wartosci indeksu NAO od 1950

JFM Season Standardized NAQ index (1950-2017)

3 e e e e e
1950 1955 1960 1965 1970 1875 1980 1985 1990 1895 2000 2005 2010 2015

ZWwraca uwage okresiniskichiwarntesci w: latach 60-tyechiiiwysokich w: 90-tyech
Oliaz malejgea Warlose W ostatnichiiatach.
Wi ene. negn, nodd, sovlprodiicis/orecio/C i linklonalseason. JEE ndao. oif




Wptyw NAO na opady

E-P T21 (High-Low) NAO (mm-day™)

-2 -1.75 =15 =-1.25 =1 =0.75 =05 =0.25 0 0.25 0.5 0.75 1 1.25

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

identycznyjakerekt wybuchumwulkanu na emperatuneszmalumwagas ziak:

o2V skelll izl elofa Swielaiglier dernylony) Za Elurell 1997 (Science)



Przypomnienie: anomalie temperatury zimg po Pinatubo

Po wybuchu wulkanow: trepikalnego) plernwsza zimal typowo) |est: ciepta m., In. W,
ik Eurepie alzimny na Bliskim A schedze:
HRobocelk 2000



Przypomnienie: wartosci NAO w ciggu ostatnich 500 lat

Winter NAO (DJF) 1500-2001

]

b
A i i

l — Winter NAO
: —— 9 point filter
| +/- 2 standard errors

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

NAQ Index

Indeks NAO jest wysoki gdy produkcja wod! gtebinowych (THC) jest wysoka
(ilodwrotnie). Co jest przyczyna? NAO, THC czy aktywnoesc stonca.

Luterbacher ef al, 2007



Nieustajgce dodatnie NAO w czasie ,cieptego sredniowiecza”?

- 4
w
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| Y D hll
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.2| NAOms

100 1200 1300 1400 1500 1600 1700 180D 1800 2000
Year
Rekonstrukcja indeksu NAO na podstawie wartosci izotepewych stalaktytow

ze Szkocji | stoi drzew z Vlaroka (czyli opadow w. rejonach zaleznyech od
znaku NAO) swiadczy: o istnieniu okresu okoto; 300 Iat (1100-1400n.e.) z

nieustajaco dodatnimiindeksem NAO.

Trouet ef al 2009 (Sciznce)



Zmiennosc¢ NAO silniejsza w ,okresie przemystowym™?

NAO index (unitless)

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 jesliiautorzy mierzyli bardzie] AMO: niz
NAQ jest to) ciekawy wynik.

Timm 2008 usine daia of Goodkin i al 2008 (Naiure Geosciznee,



Zmiany w produkcji wod gtebinowych

Zenignnosé NACO worywel iz
r“]g“?@’ [ Z210)23\)\/p)2) r 0 7 7

predukowanych wod' gtebinowych.

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

Przyrdedatnin NAOi(lata 90-te)
ZaSZ10) Z|aWISKOI 0CWIeLRE:

Zmiana ta ttumaczy zmniejszenie

Sie przeptywu wod gtebinewyeh| z

\Viorz Nordyckich doWiaseciwego
Atlantykulodiati60-tych.

.
Labrador Sea:-
cﬂnveminn:%;ﬂ[y
capped; freshwater

b Early 1990s Greenland Sea: minimal
convection to <1,000 m;
g eafland

Labrador Sea:

at record intensi AN
to >2,300 m; penetratesy
the NADW sublayer.

)

Sargaésé: minimal
production of 18°
Water.

- Diclson ef al. 1997 (Nature)



Wptyw NAO na przyrode Europy: przyktad pierwszy
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Wptyw NAQO na przyrode Europy: przyktad drugi

NAQO

Amphibians
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Wptyw: warntesci NAO! na date skifadania |a| przez prazy.
plakipyyjskie — Uwaga, skala, drl 6awrocoena.

Horepnammer et al, 1998 (Naiure)

(lewe) |
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Ternoeraiura | oozldy Zirmz) W EUrogie

zcleterninowarne sg) growriie Warioscig) indeisi
NAO. Dlzi cairg] ooncull odmocrig] turnziczy orl
oorizld 0% zeniennoscl iz,

Wiczasie Vate| Epoki Lodowe indeks ten oy
srednio ujemny. Czy w skutek matej objetosci
produkowanych wod gtebinowych (THC)?

Lata 90-te to okres dodatnich wartesciiNAG;
60-te ujemnych. W' pierwszym tych okresow.
wody gtebinowe produkowane byty gitownie na
MorzurLabradorskim a w drugim na Morzach,  Jeleri szlachetny — jego jakos¢
Nordyekich, zycia zalezy od indeksu NAO?
WG niekteryehrujemne NAGIspewoedowatoitzw: Wielkg Anomalie
zasolenia. Jednak zasplenie peinoecnego Atlantyku maleje od lat 60-
ych ponad 30 lat (prawdopodobnie rownolegle z napetnianiem

Arktyki stonymi wodami Atlantyckimi).

Iylke czy to nie bardzie] AMO niz NAO?




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

"“ warmest of 130 years 0.68

2010

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



Can we predict NAO values?

Correlations of surnrnar ocear
SST witn NAO indes of tne
folloywirie] v j]"[&‘!f Roclyell i

1990)

‘ -

4 Hindcast Forecast »
= ... _::'_; _-f.;_.;:'.nﬁ_’:;l;"ﬁ'.'f;_'-':ﬁ.._-ﬂ_- 0 = - . %
Observed
Predicted

—®— Z2008/7 assessment 4
with error range

o

British:\Met Office has,a
hindeasting 2/3! suceessiul
prediction o winter NA©
sign from North Atlantic SSTT
of the previous summer.

i
T !
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# il 5 .
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2000

Rodwell, Rowell e folland 1999 (Neaire) & wwwmeioffice, w0y ik



O czym swiadczy Atlantyk w tym roku?

NOAA/NESDIS 50 KM GLOBAL ANALYSIS: SST Anomaly (degrees C), 9/28/2017

(white reqions indicate sea—ice)
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NAO leads THC by 10 years!

2400, TR T N T O T T T T N T T T S N N T T 0 T N N T N T T N T S T T N N TS O O
* * 2 T

2000, — X ' 1 -
E " E M;q*{%?ax{ » w ¥ *E

19350 1940 1930 1960 1970 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).
Ilhe mechanism explaining the phenomenon is suppesed to be the NAO
glifection Labrador Sea deep convection (tepiis: Labrador Sea Water:

IICKIESSHRNTELESS)) Latif et al. 2006 (Journal of Climaie)




This iIs NAO cross-correlated with AMO

Yearly AMO vs. DJFM NAD correlation

Zross-correlation function

Lag [years]

NAO index seems, to/leadl AMO. by about 15 years while AMO;leadsi NAO
Owith inverted sign) by another ca. 15 years. It looks almost exactly as if the
Weindicesiwere the same appreximately, 60 yeareycle hutwith different

PIASES: Piskozb 2013 (IAPS0)




But then, NAO starts in the stratosphere

1998 - 1999 Northern Annular Mode

I\ T\

It seems NAO=ike vertex circulation startsiin the stratosphere and descends
from the 50 km altitude within 60 days to the surface level.

Northern Annular Moede is anether name off NAO) //AO
(compare hitlp://ao.atnoes. colostate. edu/introduction. htmil).

Baldwin & Dunleerion 2001 (Seience)



We had the winter with lowest NAO in history?

(b) 37— Smoothed NAOI since 1824 -
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It seems we had not only the lowest winter NAO values since meteorology
started but alsoe the second longest blockings (see panel a) since 1949 (the

longest were in 1963).

Cartiampsenal 20N GHIb)
“Winier 20100 in Birgge: A cold exireme in o warming cligaie” punlished op Ociober 27




But it was only the 13th coldest one. Why?
Cornozlring e
syrnooic situatior of
2 gvery wirlier ey
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% Interpreted as the
effect of global
warming making
winters less cold
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_ _ _ _ _ _ | the past and
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“Winier 20000 in Burope: A cold ecireme in a warming climaie” published on Ociober 22



Solar activity in 2009/10 lowest since 1913

Days (Epoch Jan 0, 1980)

Average of minima: 1365442 £0.014 Wm™
Difference of minima to average: +0.123; +0.070; -0.193 Wm™ 7]
L Cycle amplitudes: 0.928 £0.019;0.919 £0.020; 1.039 £0.017 Wm™
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The PMOD: composite Total Solar Irradiation as daily values plotted in
different colors for the different eriginating experiments. TThe difference

petween the minimaivalues: isialsoiindicated, tegetherwithiamplitudes; ofithe
rEe Gy CIES

WL Wi pmodwre. ehlomod, php?iopic=isi/composiie/SolarConsiani



What is a blocking?

NORMAL CONDITIONS

s o, s R s
L . : -

BLOCKING

"2
\ L?i ‘

"

\ ™

Diverting the jet stream. (A) In the normal weather pattern,, the jet stream
carries air from North America across the Atlantic to Europe. The wind shear
on| the flanks ofi the jet acts te maintain the ecean gyre circulations. (B)
During| a blocking weather pattern, the strong|westerly winds: ofithe jetistream

ane divented northrandisotthrarotnd aldramaticreversal orsieamlines;
Woolinzs. 2011 (Sciznce)



Blocking is more effective with low solar activity

a) b)

DJFM ATL LS

33 28 43 48 53 58 63 68 V3 T8 83 33 38 43 48 53 58 63 68 73 78 83

Solar modulationoffthe blocking impacts in the'temperature 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 selidiline denoetes;the: 95% confidence

threshield based upoen a binemialitest: ihe quantile selapstratiiicationisiused
Barriopezdro ei al, 2008 (JGR)



Cycle 24 Sunspot Number (V2.0) Prediction (201 6/1 0)
i I | | | I | I _ I I | | | |
ht;th/soIarsmence msfc.nasa.gov/predict.shtml

t..\,.“l’“

1985 1990 1995 2000 2005 201 0 2015 2020
Hathaway NASA/ARC



Is the effect of Solar activity similar but
distinct from NAO?

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

2m Temperature (K]

TN

-4 =35 -3 =25 -2 15 -1 05 0 05 1 15 2 25 3 35 4

Comparison! e meEanMWiRteEs:
surface pressureNcontours) and
Zimrtemperature (colers)between
low- and high- solar activity years
(upper panel) and low and high
NAO (lower panel).

I he patterns arne'similar but the
efifiects or low solar activity extend
more to the East towards Central
Europe. The two patterns seen
statistically: different.

Woolinzs ef al 2010 (GHL)



Winter PMSL Response Winter Temp Response

........
.....

T W Lagged solar
> S effect on NAO?
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oo as sl surface pressure and right in
T e SR winter surface temperature.
30N oy e - AR G

R E— el ISithe adelayed response the
oy Winter PMSL Response i wi'nter Terml:: Respon‘se reason for “Smearing Out” Of the

;- oy el SOlar signal which makes the 11-
son Il year oscillation undetectablerin
W7 o 'l the NAO time series?

-25 -15 0 1 2 3 -1.25-075 0 05 1 : Scai][é 2 Cll 20]3(GRL)



ENSO also influences North Hemisphere winter?

WENSO HIGH-TOP T 1000 hPa [K] m=FebMar wENSO LOW-TOP T 1000 hPa [K] m=FabMar wENSO ERA4Q T 1000 hPa [K] m=FebMar

g e

e
-

wENSO HIGH-TOP Prec [mm/day] m=FebMar
T

wENSO LOW-TOP Prec [mm,/day] m=FebMar wENSO XieArkin Prec [mm /doy] m=FebMor

FMIENSOranomaly in (top) 1000-hPa temperature (K), and (bottom) precipitation; (mm
day:") for (left) high-top moedel, (middle) low-top model, and (right) ERA-40)datal for: SLP

and H000=hRartemperaturne; precipitation datariiiem ClSERNAlIGRS:
Caspazzo & Mapzipi 2009 (). Climaie)




Yes but only in years with Sudden Stratospheric Warmings

-8

-5 -4 -2 0 2 4
Sea-level pressure anomaly (hPa)

-4 =2 0
Sea-level pressure anomaly (hPa)

Viodelled surface climate response te ElNinerasseciated with a weak and strong polar
vortex. Composite sea-level pressure anomaly (hPa) for El'Nine years with sudden
stratospheric warmings (a) and El Nino: years with no sudden; stratospheric warmings

(b). Anemalies are for Januany—March. Grey and white contours indicate significance at
the 95% and 99% confidence levels.

Ineson & Seaife 2010 (MNature Geosciznce)



Arctic sea-ice loss

20

. —e—March
—u— September

Percent difference

Time series of the percent difference iniice extent in 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 of decrease for the March and September ice extents is
—2.7% and —11.6% per decade, respectively.

Riehier-ilenge, ), and S 8. Overland, Bdy., 2010: Areiie Repori Capd 2010,
Wit/ areiic. nodd, sov/reporicdred



Less summer Arctic sea-ice means
colder Eurasian winter?

Wlslosaf speplinlhy e
temperaturestierDecEmbeErand
February (1916/9=20005/6)
regressealieniseasicerconcentration
I previous September: (with
reversed signs!).

CIEE i
tht Heavy

Less Summer sea-ice means
warmer wintertime Arctic and colder
Eurasia inia zonal area similar to
thier2009/10'winter anomaly
(especiallyin February).

CIGE ;
tht Heuvy =

Flopda, [noue & lamane 2009 (GRL)



Less summer Kara Sea ice means more snow in Siberia

S

18
16

=y
[

0 mm/day

ity W " i .
I_j (]
| EEEESEEEEEEESS ”_|!|!||||||.|-

Difference between low: andi high BKS station measurement ofi snow. for a)
October andi b) November and E-P differences; fiom foward trajectories
stantinglinithe BIKS, region| for ¢) Octoberand d) Nevember:

Weamann i al 20135 (ERL)



Arctic October-December near-surface air
temperature anomaly

1000mb oir (C) Composite Anomaly 1988=1996 climo
TCRI/ESR. Physical Sclences Division

Oct to Illan::‘I %EFZ to 2005

S0"
Oct to Dec: 2007 to 2008

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

Riepier-lenge, ), and ) &, Overland, Bds., 2010 Areiic Kepori Capd 2010
Wit/ wwwareiic. nodc, vov/reporicard



More Eurasian snow means lower NAO/AQO?

rorcing 2 clirnzaiz rrocde)
O AMS) with seiielliishelerivele
TT]-22 WintertimerspewWexientand

5 calculating tiercoespeReing
albedoinvenredione can

_____ 124 ebtainfAO wintertime values
i = similar terebservations.
-25§
2 ’ :
26‘.‘ Does it mean the Eurasian
snew cover really drives the
_ 0 07 winter AO/NAO values?
S NCEP /NCAR AO Maybe; but both can also
b 20 iespond to the same forcings.
1975 1980 1985 1990 1995 2000 2005

For example the Arctic sea
ice?

Year

Allen & Zepder 2012 (), Climaie)



The proposed mechanism of Eurasia autumn snow cover on

winter NAO index

Polar vortex
w:akﬁns

Stratosphere

Upward pr:::pagatmn of
stationary Rossby waves
*Expanse

*5Strong diabatic cooling / /

Regional tropospheric response

Troposphere

Siberia
*Orography

O ®

AN Wave-mean ﬂow interaction
e
| Background
| westerlies _,-:’
! ;” Downward propagation of

u and ® anomalies

J.

Negatwe Arctic Oscillation

O
@@?

Eurasian snow cover

ocT NOV DEC

JAN FEB

snrllisan lavelhviare)
a stralesprEnc sudden
warmngNS)and
deWRWard N prepagation of;
zonal windiandipoetential
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,
Influencing Siberian
snowiall.

Cohepn er al, 2010 (GHL) supplemeni afizr Cohen 2f al, 2007



The stratospheric link has been observed

(a) Temp. anomaly in North Pmle region

10 |
20 -

50

£ 100 : | The changesintemperature
g 200- / and zenalWwindsranomalies
500 - _ | during the 2010 winter did

1000 g

start from the stratosphere.

One can observe two events

_ \»UW— YA\ starting in mid-November

o and early:December

\\;-...-"J

[ o = == = F

Pressure (hPa)

Wang & Chep 2010 (GRL)



Even better: stratospheric link starting from
the surface has been observed

C APCH, composite
10 ;
] 2
20 - T
i 0.9
& 50 - B 6
5 =
L 100 - = 0.3
: b
3 200 i |
i i T ERE
3
500 | iR / -0.6
9 0.6 [ ﬂ 03§ i
1.000 ﬁ . AL M R : AN , m ' [ - :
1 NOV 16 NOV 1 DEC 16 DEC 1 JAN 16 JAN 1 FEB 16 FEB 1MAR 16 MAR

Time (day)

The “seasonal evolution of the composite PCH anemaly: for the years of
anomalously low SIC over the B—K seas”.

PIHC = polar cap height (a measure of weakened! polar vortex); SIC = sea ice

concentiation; BEK=iBarenisskara seas
Kim zi al 2014 (Naire Commiinicaiions,




More stratospheric links, here too late to affect the winter

Polar Cap GPH January-May 2016

Jan

100 —

Russia
cold /snow

Mid Atlantic
record blizzard:
East Asia record cold

U P,
'Iﬂ? 1

Northeast record cold;
Europe/Canada snowstorm

Record warm polar
stratosphere

Feb

US record cold/rare spring snow;
Spring “polar vortex”; Greenland melt

Record weak

polar vortex
Mar Apr May
i 'l — | -
3.0
26
22
I 1.8
- 14
B 1.0
e 06
= 02 m™
B 02 =
-06
-1.0
-14
-1.8
-2.2
-26
i -3.0

_— :
D Europe/Texas

Midwest

snowstorms flooding
Mortheast MNortheast/California
cold/snow; rare May snow

Colorado blizzard

record

UK/Colorado late snow

Int 2016, SSW: affected weather of NH continents but net in; the winter

(Ibcameitoe)late)

Cohen. Pfeiffer ¢ francis 2017 (Oceanovraphy)




Eurasian snow as a good winter predictor

) Forecast Temperalure Anomaly Jan-Feb-Mar 2010 d) Observed Temperalure Anomaly Jan-Feb-Mar 2010
2 a E

Conen gt 2] 2010 oredicizd
J) tne 20710 wirter
srrosrelilras ) usine) omnly
three parameters: Eurasian
SNOW EXIENG SUECE
pressure andanENS©
ndex:

pem————————— Bccause the model is linear
B A% it is possible to discern the
effect of the predictors. While
an ENSO only e) prediction
Wasi clearly wrong, an
Eurasian snow extent one f)

Wasi surprisingly good.

&) Forecasted Temperature Anumal-p Jan-Feb-Mar 2010 ENSO

But Is snow the reall climate
foreing here?

5 1.5 -1.0 -38 0.5 -0.4 -0.2 -0.1 oY 0z 04 06 0B A0 15 2

Cohen ef al. 2010 (GHL)
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| Al Does
o] | /'l " o blocking
g - .l ll' " | 'II | oo > CAUSE AMO
2 .- el ok LA LA S | variability 2
F L AL N . ¢
Z —#‘ :' : / . N" \ \ “——n.zn E
R aVAY I .-

IIHIIIIIIIIIIIIlIIlII!IIIIIl II|IIIIIIIIIlIIlIIlIHIIIIIIIIIlIIlIIlIIIIIl LLLBLLLI IIIIIII [ LELLED]
1920 1940 1960 1980 2000
Year

DIENMBlecking daysiinithe region iremid 0 E to 70"W and 45°N to 75°N from
the 20th century reanalysis (black) and from NCEP/NCAR reanalysis (blue).
The two blocking time series have a correlation of 0.85 over the overlapping
time period 1949-2008. TThe AMO. index (dashed pink) is an area-averaged

SST fiom O0°N t 0 60°N'and 10°E to 80FW. TThe AMOiindex with glebal surface
Iempenature evelution remoeved is, shewn in selidied:

Fldlkinen, hines, Worihen 2011 (Science,



A stratospheric connection to Atlantic
climate variability (?)

@
L/ )
(P
=
D
v
@

(4) Arinuzl s

I'f]‘—\ ul‘? 10)S50

Studden Warmlng (SSW)
Index; grey bars mark
years with (-1) and
without (+1) major
SSWs: the black line is a

smoothed version of this.

(b) Multi-reanalysis
estimate ofiannual mean
AMOC variatiens at 45
N: thick black line
denotes the common
period for all 12
reanalyses and grey
shading Is the 16
unpeertainty interval

55W index

Mo SS5Ws

1934:} 1985 1990 1995 2000 2005 2010

198[] 1985 1990 1995 2000 2005 2010

Reiepler ef al 2012 (Naiure Geosciznce)



Better SST values improve blocking in models

Winter

0.30 ' '
= [ERA40 78-98

— N96 coupled

6ONF ~°
- = NY96 bios corrected

e
L)
o
[

|

S
[
|

Episode blocking frequency
o o
= T

3

3

Viost coupled circulationsimodelsrunderestimate winter SST values by up to

9 “C south eliGreenland and overestimate: offt New: England (left). Correcting
this bias: strongly imprevessthe medeled blocking frequency. Right panel shows
Atlantic blocking frequency in the model (green), after mean bias correction

(red) and observations (blue). A similar improvement is achieved by increasing
the resolution ofi the ecean part ofi the model.

dlhisiresult implies; that SSiF contrels blocking ratier thian the eihermway;
Seaife ef al 2011 (GRL)



S0 can one predlct wintertime NAQO?

FNSD (forecost) ENSO (forecost) C ENSO I[n'.':s 1960 2010)
. 1 Sy~

%: i ‘:.!{!m:-‘

ooN g%, 5
LN

Pressure (hPo) W

oW EET o 43L

Pressure (hPo) O

J
g
:
L
d

TThe best results so far has been achieved by a combination of ENSO,

Subtropicall Gyre heat content, Kara Sea ice and QB0 (QuasiiBiennale
eseillatien elirtrepical tempEratunes):

Seaife ¢i al 2014 (GRL)



Is it possible to predict NAO one year before?

a MLER fit of Movember drivers to winter NAO in observations

Wiulgiols linszr f—‘JJ’:‘;;Jf'
analysis. a, The ci ss-valldated
MLR™it te therohseivedwinierNA®
using the four elhseRediNeYEMLE:
Indices: asiPrediCloNs, See
Supplementary Fig. 4 for equivalent
I L Al AN T MLR fits to the model first and
Year second winters. b, Box and whisker
plots to show. the coecients for each
of'the four indices, for observations
1] and boeth the first='and second-winter
i model predictions. The filled boxes
) show: the range of coeficient values
resulting from the cross-validation
procedure, Whereas the Whiskers
give the mean 5-95%, confidence
iIntenvals

MAD index (normalized)

— hserved MAD

n.g| EEA Observations
B \Winterl

06  \Vinter?

o
.

. |
L 1
L

.

o
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.

MLR coefficients (G an/ Taier )
o
o
.
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ENSO Nino3.4 Polar vortex strength  Atlantic tripole Kara Sea Ice Dunstone 2f al 2016 (Naiure Geoscience)




Dziekuje za UWagoe

\ IZa tdeIen (11 12. 2018 r)

_-p--n.—-__. e
e



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 8
	Slide 9
	Slide 10
	Slide 12
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 24
	Slide 25
	Slide 27
	Slide 29
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 55
	Slide 56
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 70
	Slide 71
	Slide 72
	Slide 75
	Slide 76
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 115

