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Mit tanulhatunk az extrém iddjarasi

helyzetek gyakorisagarol laboratoriumi
modellkisérletekbol?
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A mersekelt egovi 1égkorzes laboratoriumi

“minimalmodellje”

* A foldi légkor dinamikaja bonyolult.

* Otlet: Csinaljunk lattaté erejd
“minimalmodelleket”, akar egy
laborban!

* A nagyskalaju (mérsékelt 6vi)
légkori és 6ceant aramlasi
jelenségek igen nagy részét
alapvetéen két tényez6 alakitja:

* Forgatas + meridionalis

hémérsékletkiilonbség

= idéjards
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A mersékelt €govi 1égkorzes laboratoriumi
“minimalmodellje”

* Hengeres, oldalrdl hiitott és flitott tartaly
egy forgbdasztalon. ,,Rotating annulus”

Méretek (Cottbus):
a =45 mm
b = 120 mm

d =135 mm




A mersékelt €govi 1égkorzes laboratoriumi
“minimalmodellje”

* Hengeres, oldalrdl hiitott és flitott tartaly
egy forgbdasztalon. ,,Rotating annulus”

Méretek (Cottbus):
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A mersékelt €govi 1égkorzes laboratoriumi
“minimalmodellje”

* Hengeres, oldalrdl hiitott és flitott tartaly
egy forgbdasztalon. ,,Rotating annulus”

Méretek (Tallahassee):

a = 160 mm
b =610 mm
d = 80 mm
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heating

"Oldaliranya'" konvekcié —
nincsen minimalis "kritikus"
AT

(vagyis ‘kritikus Rayleigh-
szam’)
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"Oldaliranya'" konvekcié —
nincsen minimalis "kritikus"
AT

(vagyis ‘kritikus Rayleigh-
szam’)
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cooling

heating

""Oldaliranyu" konvekcio —
nincsen minimalis "kritikus"
AT

(vagyis ‘kritikus Rayleigh-
szam’)

A MAGYAR
TUDOMANY
UNNEPE




cooling heating
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cooling heating
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A fazisdiagram (Fultz és Hide nyoman)

4.0 (b—a)®
L= w2

_ g-d-aAT
Ro= r oy




A fazisdiagram (Fultz és Hide nyoman)

Axisymmetric
steady flow

10

Steady or vacillating
regular baroclinic
waves ]

[

turbulent 1
baroclinic waves |

0.01 , . . . .
Forras: Vincze, Borcia, Hatrlander, Scientific

Reports (2017)
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“Meridionalis” hdmérseklet-kiilonbség vs.
hdmeérsekleti fluktuacidk

* Nagy meretll “annulus” — kicsiny Rossby-szmamok (kvazigeosztrofikus
turbulencia)

* Homérsekleti idosorok rogzitett mérdhelyekrol

* Kérdés: Hogyan fliggnek a hOmérsekleti sze€lsoségek gyakorisagai ebben a
modell-iddjarasban (klimaban?) a “meridionalis” hOmérsékletkiilonbségtol?
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relative frequency

“Meridionalis” hOmerséklet-kiilonbseg vs.
homérsekleti fluktuaciok

A hémérsékletfluktudciok eloszldsa (hisztogramja) a “meridionalis” AT (illet6leg Rossby-
szam) novekedésével szélesedik, és egyre inkabb “nemnormalis” jelleglivé valik.
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“Meridionalis” hOmerséklet-kiilonbseg vs.
homérsekleti fluktuaciok

A hémérsékletfluktudciok eloszlasa (hisztogramja) a “meridiondlis” AT (illet6leg Rossby-
szam) novekedésével szélesedik, és egyre inkabb “nemnormalis” jelleglvé valik.
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spectral amplitude [dB]

“Meridionalis” hOmerséklet-kiilonbseg vs.
homérsekleti fluktuaciok

Fourier (illetve DFA) spektrumok: a “toréspont” f* kiiszobfrekvenciaja a voroszaj-szeri
korrelalt (perzisztensebb) és a fehérzaj-szerti (korreldlatlan) tartomany kozott

magasabbra tolodik a R0§Osgbyﬁ(§5ém (~ AT) novelésével.
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Idosormodellek

* A Hasselmann-paradigma: additiv, korrelalatlan (fehér) zaj

dx
s SO !
dt ort]

* Remekiil modellezi a hdmérsékleti adatsorok “vords zaj” jellegét, de nem ad szamot a
hémeérsékletfluktuaciok “nemnormalis™ jellegérdl, illetve a megfigyelt extrémumok (altalanositott
Pareto-eloszlassal leirhato) eloszlasokrol

D Axt(px+1)m+n —o(n)

drt
* A “korrelélt additiv-multiplikativ’ (CAM) zaj-modell (Sura, 2011) azonban, Ggy tiinik, jo leirasat adja
a megfigyelt jellemzOknek (homérsékletkontraszttal szélesedd, nemnormalis eloszlas, eltolddo letorési
frekvenciaju, voros zaj jellegli spektrumok.
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Kitekintes: “lapszemle™

Geophysical Research Letters’ on
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Key Points:

« Spatial extent of midlatitude waves is
increased by polar amplification

e Magnitudes of ridges and troughs

within waves are decreased by polar

amplification

Accordingly. geometric, and

anomaly-amplitude measures of

Jjet waviness can yield opposing

responses
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An Explanation for the Metric Dependence of the Midlatitude
Jet-Waviness Change in Response to Polar Warming

Ruth Geen' ', Stephen L. Thomson? ), James A. Screen? (), Russell Blackport® ', Neil T. Lewis? (=,
Regan Mudhar?, William J. M. Seviour?, and Geoffrey K. Vallis?

'School of Geography, Earth and Environmental Sciences, University of Birmingham, Birmingham, UK, *Department
of Mathematics and Statistics, University of Exeter, Exeter, UK, *Canadian Centre for Climate Modelling and Analysis,
Environment and Climate Change Canada, Victoria, BC, Canada

Abstract Arctic amplification has been proposed to promote temperature extremes by slowing the
midlatitude jet and increasing the amplitude of its meanders. Observational and modeling studies have used a
variety of metrics to quantify jet waviness. These studies show conflicting changes in jet waviness depending on
the metric used and period examined. Here, we evaluate common metrics for dry idealized model simulations

in which we apply polar warming of varying depth and meridional extent. In all simulations, polar warming
increases the spatial extent of jet meanders, but reduces the magnitudes of ridges and troughs within the wave.
As aresult, geometric and anomaly-amplitude measures of jet waviness can yield opposing responses. This
contrast between metrics is particularly evident when warming extends into the midlatitudes. In all simulations,
midlatitude temperature anomalies weaken as the poles warm, suggesting that a wavier jet need not imply
stronger temperature extremes.

Plain Language Summary The Arctic is warming faster than anywhere else on Earth, and this has
been suggested to affect weather over midlatitude regions in Eurasia and North America. It has been proposed
that, as the pole warms, the equator-to-pole temperature gradient is reduced and the atmospheric jet stream
slows down and undergoes larger, slower-moving meanders, which bring long-lasting extreme temperatures.
However, theories for understanding waves in the jet stream actually suggest that these waves could weaken
when the equator-to-pole temperature gradient decreases. This study uses simple model simulations to test how
different metrics for describing jet waviness respond when the pole is warmed. We find that the overall scale
of meanders does seem to increase, but the associated temperature anomalies decrease, suggesting a wavier jet
stream need not imply stronger temperature extremes.
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Osszefoglalas

* A Rossby-hulldmok homérsékletfluktudciokban jatszott szerepének megértéséhez hasznosak az egyszerti,
laboratoriumi minimalmodellek. Hangsulyozzuk azonban, hogy ez NEM az igazi légkorzés, az sokkal
bonyolultabb.

* A “polar amplification”-szerli hOmérsékletkontraszt-csokkenéssel a hdmérsékletfluktuaciok eloszlasa
keskenyiedik (hidba valnak jobban meanderezdkké a Rossby-hulldmok). Ennek a skélaparamétere a termikus
Rossby-szam.

* Mindekozben a perzisztencia, ha ugy tetszik “eldrejelezhetdség” (a spektrumok tiikrében) csokken.

* Ezt a megfigyelt viselkedést kvalitative helyesen leirja a CAM iddsor-modell. (Szemben a Hasselmann-féle
klasszikus minimalmodellel.
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Extreme temperature fluctuations in laboratory
models of the mid-latitude atmospheric circulation

Mikléss Vincze!2*, Cathrine Hancock?, Uwe Harlander*, Costanza Rodda®*>, and Kevin
Speer

'HUN-REN-ELTE Theoretical Physics Research Group, Budapest, H-1117, Hungary

ZInstitute of Earth Physics and Space Science (HUN-REN EPSS), Sopron, H-9400, Hungary

BGeophysicaI Fluid Dynamics Institute; Florida State University, Tallahassee, FL32306-4360, Florida, USA
*Brandenburg University of Technology Cottbus—Senftenberg, Department of Aerodynamics and Fluid Mechanics,
Cottbus, D-03046, Germany

>Department of Civil and Environmental Engineering; Imperial College London, London, SW7 2AZ, England, United
Kingdom

“mvincze@general.elte.hu

ABSTRACT

Using two laboratory-scale conceptual fluid dynamic models of the mid-latitude atmospheric circulation we investigate the
statistical properties of pointwise temperature signals obtained in long experiment runs. We explore how the average “equator-
to-pole” temperature contrast influences the range and the jump distribution of extreme temperature fluctuations, the ratio of the
frequencies of rapid cooling and warming events, and the persistence of “weather” in the set-ups. We find simple combinations
of the control parameters — temperature gradient, rotation rate and geometric dimensions — which appear to determine certain
scaling properties of these statistics, shedding light on the underlying dynamics of the Rossby wave-related elements of the

mid-latitude weather variability. . . /T\UMD%GJQEY MTA
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