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Observed globally averaged combined land and ocean
(a) surface temperature anomaly1850-2012

(b) Observed change in average surface temperature 1901-2012
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Kontynuacja emisji gazow cieplarnianych przyniesie dalszy wzrost temperatur |
zmiany we wszystkich elementach systemu klimatycznego. Ograniczenie tych
zmian bedzie wymagac znaczacych i dtugotrwatych redukcji emisji gazow
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E.8 Climate Stabilization, Climate Change Commitment and Irreversibility

Cumulative emissions of CO; largely determine global mean surface warming by the late 21st
century and beyond (see Figure SPM.10). Most aspects of climate change will persist for many
centuries even if emissions of CO, are stopped. This represents a substantial multi-century climate
change commitment created by past, present and future emissions of CO,. {12.5}
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Rosnie zawarto$¢ energii (ciepta) w oceanie w tempie 0.77+0.11W/m?
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NASA image by Robert Simmon, based on GISS surface
temperature analysis data including ship and buoy data from the
Hadley Centre
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Bilans promieniowania stonecznego i podczerwonego w zaleznosci

od szerokosci geograficznej. Tam gdzie wystepuje nadwyzka (Surplus)
promieniowania stonecznego planeta ogrzewa sie (Srednio) wskutek
pochfaniania promieniowania. Tam gdzie przewaza emisja promieniowania
podczerwonego (Deficit), przewaza chtodzenie. Cyrkulacje atmosferyczne i
prady morskie przenoszg ciepto od obszaréw z nadwyzkg bilansu
promieniowania do obszaréw z deficytem. (zrodto:


http://www.eoearth.org/article/Energy_balance_of_Earth

a) Total northward energy transport PW

b) Atmospheric transport PW
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A — wysokos¢ tropopauzy okotobiegunowej
B — wysokos¢ tropopauzy strefy umiarkowanej
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Tworzenie sie uktadow
wysokiego i niskiego cisnienia.




Transport ciepta
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Ruch w poziomie — wiatr.
Rozwazmy czgstke powietrza na poétkuli pétnocnej. Czgstka jest w stanie spoczynku, nagle
pojawia sie poziomy gradient cisnienia.

N
L PGF

900 mb
5
ﬂ / Aind
w 04 mb 4~
//’9 3// #/ E

£9084hb — |
E 2 v CF CF
/; Y CF
1 CF

H

©2001 Brooks/Cole - Thomson Learning S

Czastka, poczatkowo w bezruchu przyspiesza (fioletowe strzatki na rysunku) pod wptywem
sity gradientu cienienia (czerwone strzatki) kierujgc sie od wysokiego cisnienia (H) w kierunku
niskiego cisnienia (L).

Gdy tylko predkosc¢ czastki staje sie wieksza od zera pojawia sie sita Coriolisa (niebieskie
strzafki), zakrzywiajgca tor ruchu w prawo. W pewnym momencie - przy pewnej predkosci -
dochodzi do rownowagi tych sit (rownowaga geostroficzna) i ruch odbywa sie jednostajnie (ze
statg predkoscig) wzdtuz izobar.



Rownanie na wiatr termiczny mozna otrzymac z rownania ruchu w
przyblizeniu geostroficznym we wspotrzednych cisnieniowych:

fxu, =-V,®

analizujgc zmiany wiatru geostroficznego z cisnieniem
| pamietajac ze DD/Dp=-a. .

du ;

2
= Voo = —V,T,
/ x dp Pt P P

Powyzej uwzgledniamy rownanie stanu pa=RT .

Rozpisujgc na sktadowe dostaniemy:

v,  ROT g

Top

RaT
p ox Cdp pdy

Widac wyraznie zaleznosc preakoscl geostroricznej od
horyzontalnych gradientow temperatury.
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Na ilustracji powyzej przedstawiono sytuacje w ktorych wiatr

geostroficzny:

- jest staty (po lewej),
- rosnie z wysokoscig (po prawej, sytuacja baroklinowa).
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Fig. 7.4 Schematic isotherms (dashed lines, "C) and isotachs (thin solid lines, meters
per second) in the polar front zone. Heavy lines are tropopauses and boundaries of frontal
layer. (Adapted from analvsis model by Berggren, 1952.)

Baroklinowosc¢ na froncie polarnym.
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Impact of declining Arctic sea ice on winter snowfall
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Abstract

While the Arctic region has been warming strongly in recent decades, anomalously large snowfall in recent
winters has affected large parts of North America, Europe, and east Asia. Here we demonstrate that the
decrease in autumn Arctic sea ice area is linked to changes in the winter Northern Hemisphere atmospheric
circulation that have some resemblance to the negative phase of the winter Arctic oscillation. However, the
atmospheric circulation change linked to the reduction of sea ice shows much broader meridional meanders
in midlatitudes and clearly different interannual variability than the classical Arctic oscillation. This circulation
change results in more frequent episodes of blocking patterns that lead to increased cold surges over large
parts of northern continents. Moreover, the increase in atmospheric water vapor content in the Arctic region
during late autumn and winter driven locally by the reduction of sea ice provides enhanced moisture
sources, supporting increased heavy snowfall in Europe during early winter and the northeastern and
midwestern United States during winter. We conclude that the recent decline of Arctic sea ice has played a
critical role in recent cold and snowy winters.



(A) Ratio (%) between linear
regression of incidence of winter
blockings on the sign-reversed
detrended autumn Arctic sea ice
area anomaly and winter blocking
climatology during 1979-2010.

(B) is similar to A except for winter
cold events,

and linear regression of specific
humidity (integrated from surface to
700 hPa, kg/kg) in

(C) November—-December (late
autumn to early winter) and

(D) December—January (winter) on
the sign-reversed detrended autumn
Arctic sea ice area anomaly

(regions within contours denote the
regression above 95% confidence
level).
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Discussion

The results of this study add to an increasing body of both
observational and modeling evidence that indicates diminishing
Arctic sea ice plays a critical role in driving recent cold and snowy
winters over large parts of North America, Europe, and east Asia.

The relationships documented here illustrate that the rapid loss of
sea ice in summer and delayed recovery of sea ice in autumn
modulates not only winter mean statistics (i.e., snow cover and
temperature) but also the frequency of occurrence of weather
events (i.e., cold air outbreaks).
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Evidence linking Arctic amplification to extreme weather
in mid-latitudes

Jennifer A. Francis' and Stephen J. Vavrus®

Received 17 January 2012; revised 20 February 2012; accepted 21 February 2012; published 17 March 2012.

Arctic amplification (AA) — the observed enhanced warming in high northern latitudes relative
to the northern hemisphere — is evident in lower-tropospheric temperatures and in 1000-to-
500 hPa thicknesses. Daily fields of 500 hPa heights from the National Centers for
Environmental Prediction Reanalysis are analyzed over N. America and the N. Atlantic to
assess changes in north-south (Rossby) wave characteristics associated with AA and the
relaxation of poleward thickness gradients.

Two effects are identified that each contribute to a slower eastward progression of Rossby
waves in the upper-level flow: 1) weakened zonal winds, and 2) increased wave amplitude.
These effects are particularly evident in autumn and winter consistent with sea-ice

loss, but are also apparent in summer, possibly related to earlier snow melt on high-latitude
land. Slower progression of upper-level waves would cause associated weather patterns in
mid-latitudes to be more persistent, which may lead to an increased probability of extreme
weather events that result from prolonged conditions, such as drought, flooding,

cold spells, and heat waves.
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Figure 1. Seasonal anomalies in 1000-500 hPa thicknesses (m) north of 40°N during 2000-2010 relative to 1970-1999:
(a) autumn (OND), (b) winter (JFM), (c) spring (AM]J), and (d) summer (JAS). White asterisks indicate significance with
p < 0.05. Data are from the NCEP/NCAR Reanalysis.



Tak byto w marcu b.r. - zimno w wysokich szerokosciach nad
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Land & Ocean Temperature Anomalies Jan—-Mar 2013

(with respect to a 1981-2010 base period)
Data Source: MLOST version 3.5.3
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Tak uktadaty sie temperatury marca w Warszawie od potowy XX wieku:

Temperatura $rednia marca w Warszawie [°C]
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Marzec 2013 roku, ze srednig temperaturg -1,8°C zaliczat sie do tych chtodniejszych — byt
najzimniejszym marcem od 1987 roku.

Srednia marcowych temperatur z okresu 1951-2012 to +2,3°C, a odchylenie standardowe
jest rzedu 2,5°C.



Podsumowanie

1. Globalne ocieplenie postepuje,Arktyka ociepla sie szybciej niz
reszta swiata.

2. Lod w Arktyce sie topi, nie ma warstwy oddzielajgcej cieple
wody oceaniczne od atmosfery.

3. Mniejsze roznice temperatur miedzy rownikiem | biegunem —
stabszy i bardziej stabilny front polarny.

4. Bardziej stacjonarne uktady wyzow, przewaza cyrkulacja
potudnikowa.

5. Dtuzsze epizody chtodow i/lub ciepta.

Globalne ocieplenie nie oznacza braku epizodow mrozu i Sniegu
Zzima, szczegolnie w drugiej jej czescil.
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